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PlIEFACE 


This  volume  is  entirely  new  in  arrangement  and  lai'gely  so  in 
substance.  Some  articles  have  been  revised  and  removed  from 
tlieir  position  in  the  previous  edition,  mainly  from  the  second 
volume,  but  the  majority  are  new.  By  grouping  all  the  Tropical 
Diseases  and  Animal  Parasites  together,  this  volume  will,  it  is  hoped, 
serve  as  a complete  work  on  Tropical  INIedicine,  and  tlius  .justify  this 
alteration  in  the  scheme  of  the  System  of  Medicine.  As  many  of 
the  more  important  of  the  tropical  diseases  belong  to  tlie  infections, 
and  originally  appeared  in  A'olume  II.,  it  has  seemed  advisable  to 
bring  out  tlie  volume  on  Tropical  Diseases  at  the  same  time  as  the 
new  edition  of  Volume  II.,  now  Vol.  II.  Part  I.  After  due  con- 
sideration it  has  .seemed  most  convenient  to  include  all  the  animal 
para.sites  in  this  volume,  and  not  to  divide  those  of  im])ortance 
in  tropical  climates  only  from  the  others. 

In  order  to  jirovide  an  authoritative  account  of  the  animal  ]>ara- 
sites  and  carriers  of  tropical  diseases,  a knowledge  of  which  is  of  the 
greatest  importance  to  those  engaged  in  the  study  and  practice  of 
'IVopical  Medicine,  special  articles  by  Zoologists  have  been  included. 
'I’hese  articles,  or  indeed  condensed  mono.graphs,  deal  with  tlu; 
Protozoa  (Prof  Minchin),  Mosquitoes  (j\Ir.  F.  A’.  Theobald),  Blood- 
sucking and  other  Flies  known  or  likely  to  be  concerned  in  the 
spread  of  disease  (Mr.  E.  E.  Austen),  and  Ticks  (Air.  P.  I.  Pocock), 
and  have  been  freely  illustrated  so  as  to  assist  in  identification  of 
the  animals  described.  Tropical  Aledicine  is  in  its  youth,  and  the 
advances  incident  to  vigorous  growth  are  .so  continuous  and  imminent 
that  almost  before  an  article  is  printed  its  conclusions  may  require 
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moditieation.  'I'his  dilliculty  lias  been  much  in  the  mind  of  the 
contributors  and  Editors,  and  lias  rendered  it  unwise  to  atteinpL  any 
formal  or  rigid  classiHcation  of  the  diseases  described.  Ihit  since 
these  advances  whose  economic  is  even  greater  than  their  scientific 
importance — for  example,  those  in  connexion  with  malaria — demand 
a working  knowledge  of  the  parasites  and  carriers  of  disease,  it  is 
hoped  that  the  space  given  up  to  the  descriptive  zoological  articles 
wdll  be  fully  justified.  The  important  article  on  Worms  by  Sir 
Patrick  IManson  lias  for  this  reason  been  brought  thoroughly  up  to 
modern  zoological  knowledge  and  nomenclature  by  Mr.  A.  K.  Shipley. 

It  would  lie  tedious  to  enumerate  the  new  articles  and  to  detail 
the  changes  that  have  taken  place  in  the  articles  on  subjects  dealt 
with  in  the  first  Edition  of  the  Sydem.  For  much  advice  and 
lielj)  most  generously  accorded,  the  Editors  are  deeply  indebted  to 
Sir  Patrick  iUanson 

T.  C.  A. 

H.  1).  P. 
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In  order  to  avoid  frequent  interruption  of  the  text,  the  numbers  indicative 
of  iternx  in  the  lists  of  “ Inferences  ’’  are  only  inserted  in  cases  of  emphasis, 
where  two  or  more  references  to  one  author  are  in  the  list,  where  an  author  is 
quoted  from  a icork  published  under  another  name,  or  where  an  authoritative  state- 
ment is  made  icithout  mention  of  the  author's  name.  In  ordinary  cases  an  author's 
name  is  sufficient  indication  of  the  corresqwndiny  item  in  the  list. 


INTRODUCTION 


By  Sir  Patuick  Max«ox,  K.C.M.G.,  M.D.,  LL.D.,  F.R.S. 

The  diseases  affecting  man  have  been  classified  in  a number  of  ways, 
both  scientific  and  practical.  It  cannot  be  claimed  for  the  grouping  of 
a certain  numbei'  under  the  heading  of  “ Tropical  Diseases  ” that  such  an 
arrangement  is  in  any  sense  a scientific  classification.  Nevertheless,  it  is 
a useful  and  practical  one,  and,  moreover,  is  based  on  experience ; on  the 
circumstance  that  certain  diseases  are  confined  to  tropical  regions,  or  are 
especially  prevalent  in  them,  such  limitation  and  prevalence  Iicing 
determined  by  peculiar  etiological  conditions  which,  in  their  turn,  arc 
determined  or  may  be  inffuenced  by  the  meteorology  of  these  regions. 

The  classification  of  disease  on  a climatic  basis  is  supported  by  the 
additional  circumstance  that  while  some  diseases  are  wholly  or  ])rinci- 
pally  limited  to  the  tropical  belt,  others — though  oidy  few  in  number, 
such  as  scarlet  fever  and  rheumatic  fever — are  practically  confined  to 
cold  or  temperate  climates.  On  the  other  hand  the  vast  majoi-ity  of 
diseases  have  no  climatic  limitations  ; syphilis,  cancer,  tuberculosis,  and  a 
hundred  others  are  to  be  found  in  all  climates  and  in  nearly  every  country. 
Thu.s,  then,  arranging  diseases  from  the  standpoint  of  climate,  we  recognise 
three  well-defined  gi-oups  : a small  group  demanding  the  climatic  con- 
ditions obtaining  in  cold  or  temperate  climates,  a huger  group  demanding 
tropical  conditions,  and  a still  larger  group  which  ap{)ear  to  be  entirely 
exempt  from  climatic  restriction. 

Looking  at  disease  as  a whole  the  cpicstion  naturally  arises  Avhy  there 
should  be  these  limitations  in  some  in.stances  and  not  in  others,  and  Avhy 
any  disease  should  have  climatic  restrictions.  How  docs  tem])erature^ — 
for,  broadh^  speaking,  and  especially  in  this  instance,  climate  resolves 
itself  ultimately  into  atmos])heric  temperature — how  does  temperature 
inffuence  the  distribution  of  disease  1 Climate  inffuences  the  distribution 
of  disease  in  one  or  other  of  several  Avays  of  Avhich  the  folloAving  ai'e  the 
principal: — (1)  By  the  direct  action  of  light,  heat,  moisture,  and  other 
meteorological  conditions  on  the  human  body ; (2)  by  the  food  special 
to  different  climates ; (3)  by  the  social  arrangements  and  .sanitaiy 
conditions  more  or  less  directly  imposed  by  climate  ; (4)  by  the  direct 
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or  indirect  ])earing  of  atmospheric  temperature  on  ijathogenetic  and 
associated  organisms.  Of  these  the  last  is  in  the  case  of  tropical  diseases 
1)V  far  the  most  important  condition. 

(1)  Although  many  attempts  have  been  made  to  trace  and  e.xplain 
the  effect  of  temperature  on  the  physiological  processes  of  the  human 
body,  more  especially  in  reference  to  the  pathological  proclivities  to 
which  atmospheric  heat  and  cold  may  conduce,  it  cannot  be  said  that 
any  important  conclusions  have  been  attained.  With  the  e.vception  of 
traumatism  due  to  the  sun  (sunstroke),  heat  syncope,  erythema  solare, 
and  possibly  lichen  tropicus  and  heat-apoplexy^  (siriasis),  there  ai'e  no 
diseases  that  can  be  definitely  attributed  to  the  direct  action  of  high 
atmospheric  temperature  on  the  human  body.  With  the  e.xception  of 
fi'ost-bite  and  in  a measure  but  only  in  the  case  of  individuals  otherwise 
predi.sposed,  chilblains  and  paro.xysmal  haemoglobinuria,  thei'e  are  no 
diseases  directly  depending  on  the  influence  of  cold  on  the  human  body. 
But,  although  we  may  not  be  able  to  indicate  precisely  the  way  in 
which  our  bodies  are  prejudicially  affected  by  extremes  of  atmospheric 
temperature,  especially  prolonged  high  temperatures,  our  sensations, 
the  loss  of  physical  and  mental  energy,  the  modifications  of  physical 
characteristics  undergone  by  white  races  when  placed  during  several 
generations  in  tropical  conditions,  and  the  dark  skins  of  all  tropical  races 
indicate  that  the  white  races  on  first  arrival  are  not  in  all  respects 
adapted  for  tropical  conditions,  that  they  are  somehow  prejudicially 
affected  thereby,  and  that  while  living  in  tropical  countries  they  are  more 
open  to  certain  pathological  risks  than  arc  the  natives  of  these  counti-ies. 

(2)  In  a general  way  it  may  be  affirmed  that  eveiy  considerable 
community  has  found  its  aj)pro])riate  food  and  may  be  said,  if  this  food 
be  adetpiate  in  amount  and  of  good  (piality,  to  thrive  on  it.  But  it 
sometimes  happens  that  under  stress  of  famine  the  staple  foods  are  not 
obtainable,  or  if  obtainable  may  be  damaged.  In  such  circumstances 
the  people  may  be  driven  to  eat  substances  containing  to.xic  material. 
In  this  way  lathyrism,  ergotism,  atriplicism,  manioc  poisoning  arc 
ac(iuired.  Such  diseases  ai'c  ])ractically  limited  to  the  areas  in  which 
such  dietetic  conditions  occur,  and  some  of  these  are  necessarily  tropical. 
Under  the  same  heading  might  bc‘])laecd  the  morbid  conditions  which 
arise  from  the  inordinate  use  of  coi’tain  intoxicants,  such  as  Indian  hemp. 

(d)  The  social  and  sanitary  conditions  of  most  tropical  countries, 
altlumgh  they  cannot  be  .said  to  cause  any  special  disease,  are,  nevertheless, 
as  comi)ared  to  the  .social  and  .sanitary  conditions  obtaining  in  most 
tempci-ate  climates,  eminently  conducive  to  the  prevalence  of  certain 
diseases  such  as  lejirosy,  cholera,  plague,  dysentery.  So  much  is  this 
the  case  and  so  much  more  common  I'clativel}'  are  these  diseases  in 
tiopicfd  countries  that,  ])ractically,  they  have  come  to  be  regarded  as 
tropical  diseases.  But  they  are  tropical  only  in  the  sense  uidicated. 
They  would  thrive  elsewhere  were  the  social  and  .sanitary  conditions 
(“qually  favourable.  They  are  not  essentially  tro])ical. 

(4)  ith  rare  e.xceptions — for  the  foregoing  embrace  but  a small 


INTRODUCTION 


j 


proportion  of  wluit  ;ire  regai'ded  as  tropical  diseases — the  limitations  of 
certain  diseases  to  warm  climates  are  in  no  sense  dependent  on  the  action 
of  temperature  on  the  human  body,  or  on  food,  or  on  social  and  sanitary 
(•onditions.  Nor  with  few  exc'eiitions  do  they  depei'id  on  the  action  of 
the  atmospheric  temperature  on  the  disease-germ  itself  while  the  germ 
is  located  in  the  human  body.  They  depend  directly  or  indirectly  on 
the  requirements  of  the  germ  when  it  has  escaped  fi-om  the  human  body, 
and  during  its  jtassage  from  human  host  to  human  host.  During  this 
passage  the  germs  of  tropical  diseases  demand  tropical  conditions ; hence 
the  geographical  or  rather  climatic  limitations  of  these  diseases. 

So  tar  as  we  know  them,  the  vast  majority  and  all  the  important 
disease-germs  of  man  belong  to  one  or  other  of  the  following  classes  ; 
Bacteria,  Fungi,  Protozoa,  Helminths. 

Bacteria. — \’ery  few  of  the  diseases  special  to  the  tropics  oi'  warm 
climates  are  bacterial,  and  it  is  difficult  to  explain  how  it  is  that 
these  few  even — Malta  fever  for  example — should  be  so  limited.  For 
a bacterium  is  not  injuriously  affected  by  ordinary  atmo.spheric  conditions, 
and  shonld  be  able  to  p-ass  from  man  to  man,  whether  directly,  or  in- 
directly from  a saprophytic  condition,  in  any  climate.  Accordingly  the 
vast  majority  of  the  bacterial  diseases  of  man  are  of  Avide  distribution. 
On  the  other  hand  the  A-ast  majority  of  diseases  having  climatic 
limitations — tropical  diseases  among  them — are  caused  by  {a)  Fungi, 
{}>)  Protozoa,  (c)  Helminths, — organisms  Avhich,  as  a rule,  one  AA'ay  or 
another,  require  in  their  passage  from  host  to  host  very  special  and  often 
complicated  conditions. 

{a)  Fungi. — Fungi  living  on  the  surface  of  the  body  are  just  as 
exposed  to  climate  as  are  ordinary  j)lants.  Some  of  them  demand  a 
hot  and  moist  climate,  hence  they  are  found  oidy  Avithin  the  tropics  and 
in  particular  parts  of  the  tropics.  Tinea  imbricata,  pinta,  and  pi'obably 
other  and  as  yet  undctei-mined  epiphytic  diseases  belong  to  this  category. 
^\Tlen  Ave  speak  of  a disease  as  being  a ti'opical  disease,  avc  mean  merely 
that  the  disease-germ  can  be  acf[uired  only  iti  tiopical  conditions.  Once 
the  germ  is  acquired  the  di.sease  I'uns  its  course  in  any  climate.  The 
only  exception  to  this  general  statemcmt  lies  in  the  epiphytic  di.seases. 
In  those  of  them  special  to  the  tropics  the  germ  itself,  even  after  im- 
plantation and  thorough  establishment,  still  i-ecpiires  tropical  conditions  ; 
on  the  patient  (putting  those  conditions  the  germ  dies  and  the  disease 
it  gave  ri.se  to  disappears.  In  a semse,  thei'cfore,  these  e})iphytic  diseases 
are  the  ordy  ti'ue  tropical  diseases. 

(b)  Protozoa. — The  jjathogenetic  protozoa  are  responsible  [)robabl}"  for 
a A'ery  large  number  of  diseases.  Many  appear  to  l)e  aide  to  pass 
directly  from  host  to  host,  unaffected  apparently  by  the  atmospheric 
conditions  they  encounter  on  the  passage ; that  of  small-po.x  and  of  most 
of  the  exanthematous  fevers  probably  beloTig  to  this  category.  Others, 
on  the  contraiy,  demand  special  climatic  conditions.  8uch  are  the  gcian 
of  scarlet  fever  Avhich  does  not  spread  in  the  tro])ics,  and  the  germ  of 
dengue  Avhich,  conversely,  docs  not  spread  in  cold  climates.  That  of  the 
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first  is  killed  or  paralysed  by  heat ; that  of  the  latter  by  cold.  Or,  it  may 
be,  they  do  not  find  appropriate  transmitters  except  in  special  climatic 
conditions.  Many  of  the  protozoa  under  normal  conditions  accjuire  the 
power  of  successfully  invading  the  human  body  only  after  certain 
developmental  changes  which  take  place  after  they  leave  their  first  host. 
Thus,  according  to  Schaudinn,  the  germ  of  arncebic  dysentery  has  to 
p:iss  through  a sporulating  stage  before  it  becomes  infective,  and  this 
stage  is  accomplished  oidy  outside  the  body  and  in  conditions  of  tropical 
heat.  Hence  amoebic  dysentery  is  a tropical  disease.  Other  protozoan 
disease -germs,  notably  those  of  malaria,  yellow  fever,  trypanosomiasis 
and  relapsing  fever,  require  an  animal  intermediary  to  remove  them 
from  the  body  of  their  original  host,  foster  them  during  a necessary 
stage  of  development,  and  reiraplant  them  in  the  human  host.  These 
animal  intermediaries  being  tropical,  the  diseases  they  disseminate  are 
also  necessarily  tropical. 

(r)  Helminthic. — The  remarks  on  the  diseases  caused  by  protozoa 
ai>ply  equally  to  those  produced  by  helminths,  some  of  which  can  pass 
from  host  to  host  directly  in  any  climate.  These,  of  course,  are  more 
or  less  cosmopolitan  : such  are  the  common  intestinal  worms — Ascaris, 
Trichocephalus,  and  Oxyuris.  Others  again  can  pass  directly  from 
human  host  to  human  host,  but  demand  a tropical  temperature  to  secure 
the  necessary  preliminary  development  which  enables  them  to  live  in 
the  new  host.  Such  is  AnJci/lostoma  duodennle,  whose  ova  develop  only 
under  conditions  of  high  temperature  and  adequate  moisture.  A third 
category  requires  an  animal  intermediary  before  it  can  establish  itself 
in  its  definitive  host.  Thus,  hydatid  disease  produced  by  the  larva  of 
Timia  echinococcus  has  to  pass  through  the  dog  and  man  or  sheep 
before  its  cycle  is  completed.  Its  hosts  1)cing  cosmopolitan,  the  parasite 
is  likewise  co.smopolitan.  But  there  are  not  a few  of  these  helminths 
whose  hosts  oi-  intermediaries,  being  limited  by  climatic  conditions, 
give  rise  to  diseases  similarly  limited.  When  the  limitations  are  tropical, 
the  diseases  are  tropical.  Such  arc  bilharziasis,  filariasis,  dracontiasis, 
distomiasis,  aiid  so  forth. 

These  are  the  broad  principles  that  determine  the  distribution  of 
tropical  diseases.  They  should  be  the  guides  in  fui'thcr  investigation 
as  well  as  in  prevention.  The  peculiarities  of  troi)ical  diseases  are 
etiological  rather  than  pathological.  It  is  a recognition  of  this  great 
truth  that  has  contributed  more  than  anything  else  to  the  expansion  of 
our  knowledge  in  recent  years,  and  also  to  our  ability  to  contend 
successfully  with  many  tropical  scourges  against  which  we  were  formerlv 
powerless. 

An  important  matter,  and  one  as  yet  hardly  sufficiently  recognised, 
is  the  disseminating  influence  that  modern  travel  and  means  of  com- 
munication are  having  on  the  spread  of  diseases  formerly  confined 
to  j)erhaps  very  limited  areas.  We  are  familiar  with  the  idea  that  trade 
routes  and  travel  have  spread  bacterial  diseases  such  as  cholera,  plague, 
and  enteric  fever,  and  directly  infectious  protozoan  diseases,  such'  as 
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small-pox.  But  as  yet  we  have  hardly  grasped  iu  a practical  wa}^  the 
notion  that  the  indirectly  infections  protozoan  diseases  formerly  held  to  be 
non-infections  may  be  and  are  being  similarly  disseminated.  Xs  a rule, 
but  not  invariably,  these  protozoan  diseases  in  order  to  sj)read  require 
more  complicated  conditions  than  the  bacterial  diseases.  Nevertheless, 
now  and  again  these  com{)licated  conditions  have  been  supplied ; for 
example,  to  introduce  malaria  successfully  requires  not  only  the  introduc- 
tion of  the  germ  but  also  of  the  intermediary,  an  anopholine  mosquito. 
This  has  probably  occurred  ir.  many  places,  certaiidy  in  IMauritius,  and 
probabl}’  will  occur  in  the  future  in  many  other  islands.  The  spread  of 
yellow  fever  in  a similar  way  is  to  be  anticipated.  The  difficulties  these 
parasites  had  to  overcome  in  order  to  extend  their  boundaries  is  being 
rapidly  removed  by  the  rapidity  of  transit  and  the  multiplication  of 
opportunity  supplied  by  modern  methods  of  transport. 

These  are  but  two  examples  of  a large  group  of  diseases,  with  limit- 
ations at  one  time  apparently  fixed  by  nature,  which  in  the  future 
we  have  oidy  too  much  reason  to  fear  will  be  found  throughout  the 
greater  part  of  the  tropical  world.  It  may  be  that,  as  in  the  case  of 
yellow  fever,  expanding  knowledge  and  expanding  civilisation  may  do 
something  to  check  this  process ; but  the  recent  history  of  the  extension 
of  the  area  of  sleeping  sickness  seems  to  indicate  that  knowledge  some- 
times comes  when  it  is  too  late,  or  in  circumstances  in  which  it  cannot  be 
applied.  Patrick  Manson. 
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PROTOZOA 

By  Pi:OF.  E.  A.  Minchin,  M.A. 

The  name  Protozoa  was  coined  as  an  equivalent  for  the  Geman  Urthiere, 
meaning  animals  of  a primitive  or  archaic  type — a name  given  as  far 
back  as  1820  to  the  vast  assemblage  of  microscopic  animalcules  which, 
from  their  appearance  in  infusions  containing  decaying  animal  and  vege- 
table matter,  were  commonly  termed  Infusoria.  To  von  Siebold  belongs 
the  merit,  however,  of  giving  a precise  definition  to  the  group,  by  pointing 
ont  that  in  the  Protozoa  the  individual,  whether  living  singly  or  combined 
with  other  individuals  to  form  colonies,  is  in  all  cases  a sinfjle  cell.  To 
put  it  in  other  words,  in  Protozoa  the  cell  is  an  individual  complete 
in  itself,  both  physiologically  and  morphologically,  in  contrast  with  the 
higher  division  of  the  animal  kingdom,  the  Metazoa,  in  which  the  body 
is  always  composed  of  many  cells,  differentiated  amongst  themselves  for 
the  performance  of  different  functions,  combined  together  to  foimi  a single 
complex  individual,  and  incapable  of  maintaining  a separate  and  indepen- 
dent existence.  This  is  the  sense  in  which  the  term  Protozoa  has  alwa}''s 
been  used  by  zoologists  ; and  von  Siebold’s  generalisation,  by  giving  a 
precise  limitation  to  the  group,  brought  about  the  exclusion  from  it,  once 
and  for  all,  of  such  forms  as  sponges  and  rotifers,  which  had  often  been 
referred  to  the  Protozoa  previously,  but  which  henceforth  raidccd  definitely 
as  i\Ietazoa. 

The  essentially  unicellular  nature  of  the  Protozoa  is  a criterion  by 
which  it  is  easy  to  define  them  fi-om  a purely  zoological  point  of  vicAv. 
It  becomes,  however,  less  easy  to  charactei’ise  them  when  Ave  take  into 
consideration  the  Avhole  range  of  unicellular  organisms,  namely,  the 
bacteria  and  the  unicellular  algre  and  fungi,  as  Avell  as  those  more  dis- 
tinctiA’ely  animal  in  nature.  And  it  may  be  .said  at  once  that  in  nnicellular 
organisms  it  is  not  possible  to  maintain  in  systematic  classification  a hard 
and  fast  line  T)etAveen  plants  and  animals.  The  difference  betAveen 
plant  and  animal  is  at  first  merely  a difference  of  the  mode  of  li\ung,  and 
cannot  be  used  as  a test  of  affinity,  or  for  ]>urposes  of  classification,  until 
it  has  gone  so  far  and  been  established  so  long  that  the  cell  has  acquired 
indelible  morphological  characteristics  resulting  from  the  one  or  the  other 
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inode  of  life.  On  this  account  it  has  been  proposed  by  Haeckel  to 
abolish  the  name  Protozoa,  as  a division  of  the  animal  kingdom,  and  to 
include  all  unicellular  organisms  together  under  the  name  Protista,  a 
categoiT  to  rank  as  a distinct  kingdom  (Reich),  equal  in  sj’stematic  value 
to  the  animal  and  vegetable  kingdoms,  betAveen  which  the  kingdom 
Protista  would  be  a connecting  link.  Many  modern  authorities  have 
adopted  this  method  of  meeting  the  difficulty,  but  the  majority  retain 
the  Protozoa  as  a division  of  the  animal  kingdom,  not  only  in  deference 
to  long-established  usage,  but  because  it  represents  a useful  category  and 
comprises  forms  having  natiu’al  affinities  Avith  one  another.  If  Ave  try 
noAV  to  define  this  assemblage  of  forms  from  a Avider  point  of  A'ieAV  than 
that  of  the  zoologist,  Ave  arrive  at  the  folloAving  definition,  or  rather 
characterisation,  of  the  Protozoa  : — 

Organisms  in  Avhich  the  individual  is  unicellular — that  is  to  sa}’,  is 
foi'ined  of  a single  undivided  mass  of  protoplasm  capable  of  independent 
existence  in  a suitable  environment.  The  body  ahvays  contains  chromatin 
or  nuclear  substance,  Avhich  may  form  a single  mass,  or  maj’-  be  divided 
into  portions  morphologically  and  physiologically  differentiated  from  one 
another,  or  may  be  broken  up  into  smaller  masses,  but  Avhich  in  all  cases 
can  be  sharply  distinguished  from  the  general  body-protoplasm  or  cyto- 
plasm. The  protoplasmic  body  may  be  naked  at  the  surface,  or  covered 
lAy  a cuticle  or  envelope  Avhich  is  not  usually  of  the  nature  of  cellulose. 
Organs  serving  for  locomotion,  and  for  the  capture,  ingestion,  and  digestion 
of  solid  food,  are  usually  present,  but  may  be  entirely  absent  (holoph3’tic, 
sapro[)h}^tic,  and  parasitic  forms).  On  the  other  hand,  chlorophjd  as  a 
cell-constituent  is  absent,  except  in  the  holophytic  Flagellata.  Reproduc- 
tion takes  place  by  various  modes  of  cell-division,  Avhich  in  the  vast 
majority  of  cases  is  supplemented  by  some  form  of  conjugation. 

The  above,  definition  is  of  necessity  someAvhat  A-ague,  and  does  not 
sharply  separate  the  Protozoa  from  primitive  forms  of  plant-life,  Avith 
Avhich,  as  already  explained,  they  arc  connected  by  gradual  transitions. 
On  the  other  hand,  the  characters  given  mark  off  the  Protozoa  from  the 
bactei'ia,  in  Avhich  the  body  is  limited  b\^  a definite  capsule,  and  in 
Avhich  there  is  usually  no  obvious  distinction  of  the  protoplasm  into 
nucleus  and  cytoplasm,  the  chromatin  in  these  organisms  being, 
accoi'ding  to  recent  researches,  finely  .subdivided  and  scattei-ed  evcnlv 
throughout  the  protoi)lasm,  so  that  the  entire  organism  of  a bacterium 
has  rather  the  structure  of  a nucleus  than  of  a complete  cell. 

The  cytoplasm  of  Protozoa  is  commonly  differentiated  into  a clearer 
and  denser  outer  layer,  the  ectoplasm  (ectosarc),  and  a more  fluid, 
granular  internal  portion,  the  endoplasm  (endosarc).  The  protoplasm 
contains  various  enclosures.  First  in  importance  is  the  mirdeus,  Avhich 
is  usually  a compact,  fairly  conspicuous  structure,  and  consists  of 
chromatin  combined  in  various  Avays  Avith  achromatic  substance.  Some- 
times more  than  one  such  nucleus  is  jnesent.  In  addition  to  the  principal 
nucleus  or  nuclei,  fine  granules  of  extra-nuclear  chromatin  may  sometimes 
b(>  found  scattered  in  the  cytoplasm.  Such  granules  are  termed 
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clirornidia.  They  inny  occur  constantly  i)’  a given  species,  or  may  he  formed 
from  the  principal  nucleus  at  certain  phases  of  the  life-cycle ; and  some- 
times the  entire  chromatin  may  he  distrihuted  in  this  manner,  a })rin 
cipal  nucleus  being  temporarily  absent.  'When  more  than  one  nucleus 
is  present,  the  nuclei  may  be  strictly  equivalent,  or  may  he  structurally 
and  physiologically  differentiated,  in  relation  to  processes  either  of 
functional  activity  or  of  reproduction. 

Of  frequent  occurrence  is  a contractile  racuole,  a clear  drop  of  fluid 
which  makes  its  appearance  in  the  ectoplasm  at  some  spot,  grows  more 
or  le.ss  slowly  to  a certain  size,  then  empties  itself  to  the  exterior  l)v 
a rapid  contraction,  and  is  formed  again.  The  contractile  vacuole  owes 
its  origin  to  fluid  draining  from  all  parts  of  the  bod}'  to  a particular 
point,  the  fluid  being  water  absorbed,  probably,  at  the  surface  of  the 
l)ody  from  the  surrounding  medium.  The  water  ejected  from  the  con- 
tractile vacuole  contains  the  solulde  waste  products  of  tlie  metabolism 
of  the  protoplasm,  aiul  the  function  of  the  contractile  vacuole  must  be 
looked  upon  as  both  respiratory  and  excretory.  Contractile  vacuoles  are 
usually  absent  in  those  Protozoa  which  live  as  internal  parasites  of 
other  animals.  Forms  which  ingest  solid  food  shew  food-vacuoles,  each 
a minute  drop  of  water  taken  in  with  the  prey. 

Besides  the  enclosures  already  mentioned,  the  protoplasm  contains, 
especially  in  the  endoplasm,  granules  varying  in  size  from  minute  to  fairly 
large.  Most  of  these  are  to  be  regarded  as  metaplasfic  in  nature,  i.e.  as 
stages  in  the  upward  or  downward  metabolism  <ff  the  material  of  the 
protoplasmic  body.  ^ 

Against  unfavouiuble  conditions  such  as  desiccation  or  change  of 
medium,  many  Protozoa  are  able  to  protect  themselves  by  encystment 
— that  is,  the  formation  of  a protecting  envelope  or  cj/d  I'ound  the  body. 
Under  certain  conditions  the  cyst  is  absorbed,  or  Inirst  and  thrown  aside, 
and  the  contents  .set  free. 

lieproduction  in  Protozoa  takes  place  generally  by  .some  form  of 
Jission.  In  this  process  a division  of  the  nucleus  is  followed  by  that 
of  the  body  as  a wdaole.  The  fission  may  l)e  simple,  when  first  the 
nucleus,  and  then  the  rest  of  the  body,  divides  into  two  parts ; or 
multiple,  when  the  nucleus  divides  cither  simultaneously,  or  l>y  .succe.ssive 
simple  divisions,  into  a number  of  daughter-nuclei,  following  which  the 
protoplasmic  body  breaks  up  into  more  or  fewer  daughter-individuals, 
each  containing  usually  a single  nucleus.  The  latter  method  is  commoidy 
termed  sporulation,  and  the  minute  individuals  produced  may  be  termed 
generally  spores  (archispores).  In  this  process  the  entire  parent  body  is 
not  necessarily  used  up  in  forming  spores,  but  there  may  remain  over  a 
certain  amount  of  residual  protoplasm,  Avhich  is  destined  to  degenerate 
and  die  off. 

Simple  fission  is  known  as  Unary  fission  when  the  two  daughter- 
individuals  are  approximately  equal  in  size.  In  other  cases  the  division 
may  l)e  unequal,  and  sometimes  to  such  an  extent  that  the  jiarent 
individual  appears  to  bud  off  a .single  daughter-individual,  rather  tlian  to 
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divide  into  two  sister-individuals.  In  such  cases  the  process  is  called 
tfemmation. 

The  sporulation  of  Protozoa  may  lead  to  the  formation  of  numerous 
active  motile  individuals,  which  are  then  spoken  of  as  swarm-spores.  A 
swarm-spore  may  be  amceboid — that  is  to  say,  similar  in  character  to  a 
minute  amoeba, — and  is  then  termed  an  amcehula  (pseudopodiospore) ; or  it 
may  be  flagellate — that  is  to  say,  be  provided  with  one  or  more  flagella  as 
organs  of  locomotion, — and  is  then  termed  a flagdlula  (flagellospore). 
Like  the  larva3  of  Metazoa,  swarm -spores  may  differ  tery  much  from 
their  jjai'ents  in  appearance  and  structure. 

Growth  and  reproduction  by  fission  may  continue  for  many  genei’a- 
tions,  but  sooner  or  later,  in  most,  if  not  in  all  Protozoa,  a process  of 
sexual  union  or  conjugation  is  introduced  into  the  life-cycle.  The  bio- 
logical significance  of  this  process  is  a matter  of  speculation,  but  in  some 
cases  at  least  it  seems  certain  that  the  effect  of  conjugation  is  a 
rejuvenescence  or  renewal  of  the  vital  powers  of  an  organism  which  has 
become  effete  and  senile  through  long-continued  vegetative  activit}’.  The 
sexual  process  may,  howevei’,  intervene  at  difl’erent  points  in  the  life- 
cycle  in  difl'erent  cases,  and  sometimes  follows,  sometimes  precedes,  rapid 
reproduction  by  fission.  Conjugation  is  not  necessarily  combined,  there- 
fore, Avith  reproduction,  though  it  most  frequently  is  so. 

Ti’ue  conjugation  (zygosis)  among  the  Protozoa  consists  essentially  in 
the  fusion  of  nuclear  substance  from  Gvo  different  individuals  (karyogamy). 
The  individuals  which  go  through  this  process  are  termed  gametes  ; the 
nuclei  which  umkjrgo  fu.sion  are  known  as  pronuclei ; the  nucleus  produced 
b}^  their  fusion  is  called  a synkaryon ; and  if  the  fusion  extends  to  the 
whole  bodies  of  the  Gvo  gametes  the  resulting  individual  is  called  a 
zygote.  The  gametes  which  conjugate  may  be  adult  individuals  of  the 
species  (macrogamy),  or  may  be  very  young  individuals,  the  recent 
products  of  some  form  of  multiplication  (microgamy).  They  may,  further, 
be  similar  and  equal  in  all  respects  (isogamy),  or  may  be  differentiated  in 
respect  of  .size  and  structure  (anisogamy).  In  the  latter  case  one,  the  micro- 
gamete,  regarded  as  male,  is  usually  smaller,  less  laden  with  reserve  food- 
material,  and  more  active  and  motile;  the  other,  the  macrogamete,  regarded 
as  female,  is  more  bulky,  often  very  full  of  reserve  material,  and  less  or 
not  at  all  motile.  It  is  pi-obably  an  invariable  procedure  for  the  nuclei 
of  the  gametes  to  go  through  processes  of  maturation,  or  preiAaration  for 
conjugation,  Avhich  always  takes  the  form  of  elimination  of  a portion  of 
the  nuclear  substance,  some  of  the  chromatin  being  either  absoj'bed  in  the 
protoplasm  or  cast  out  from  it  as  one  or  more  “polar  liodies.”  The 
chromatin  rejected  in  this  way  probably  ahvays  includes  the  vegetative 
chromatin — that  is  to  say,  the  chromatin  which  has  regulated  the  processes 
of  metabolism,  .such  as  nutrition,  growfh,  cell-division,  etc.,  in  the  non- 
sexnal  generations.  In  most  cases,  also,  a portion  of  the  generative  or 
sexual  chromatin  is  also  eliminated.  After  the  conjugation  the  chromatin 
of  the  sjmkaryoi.,  at  first  jAurely  generative,  must  be  supposed  to  become 
differentiated  in  part  into  vegetative  chromatin,  which  governs  the 
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nietjibolism  of  the  body  through  succeeding  generations,  until  eliminated 
in  preparation  for  the  next  act  of  conjugation. 

In  some  cases  not  only  are  the  conjugating  individuals  of  the  sexual 
generation,  the  so-called  gametes,  ditt'erent  from  one  another,  but  the 
individuals  of  the  generation  from  ■which  the  gametes  arise  may  be 
dill'erent  from  ordinary  individuals  of  the  species.  The  mother-cells  of 
the  gametes  are  then  distinguished  as  garnetoci/tes,  and  are  usually  of  two 
kinds,  microgametocytes  and  macrogametocytes.  In  highly  ditt'erentiated 
forms  the  gametocytes  and  gametes  form  a series  of  generations  distin- 
guished as  the  “ se.xual  cycle  ” from  the  generations  of  ordinary  indi- 
viduals forming  the  “ vegetative  cycle,”  and  the  two  cycles  form  a regular 
alternation  of  generations.  Thus  a given  species  of  Protozoa  may  be 
extremely  polymorphic,  and  com])rise  a recurring  cycle  of  dissimilar  forms, 
which  can  be  classed  as  of  male,  female,  or  indifferent  character. 

In  some  cases  the  two  gametes  which  conjugate  are  observed  to  be 
sister-individuals  derived  by  fission  from  the  same  j^arent  gametocyte. 
In  other  cases  the  parent  cell  does  not  even  divide,  but  its  nucleus  alone 
divides,  and  the  daughter-nuclei  give  rise  to,  or  become,  the  pronuclei 
which  fuse  to  form  the  synkaryon.  It  is  chiefly,  though  not  solely, 
among  parasitic  forms  that  such  processes  of  extreme  in-breeding  occur, 
to  which  the  term  autocjumij  is  applied.  If  any  benefit  be  supjDOsed  to 
accrue  to  the  organism  from  this  process,  it  must  result  merely  from  the 
rearrangement  or  reconstitution  of  the  nucleus. 

In  some  cases  among  Protozoa  it  is  observed  that  under  certain 
conditions  sexually  differentiated  individuals  may,  without  going  through 
any  process  of  conjugation,  proceed  to  reproduction  of  the  ordinaiy  type. 
To  an  event  of  this  kind  the  term  parthenogenesiff  is  applied,  a term  em- 
ployed in  the  first  instance  for  the  many  known  cases  among  Metazoa 
where  an  ovum,  that  is  to  say  a germ-cell  of  definitely  female  character 
and  produced  by  a female  individual,  develops  without  fertilisation. 
Parthenogenesis  must  not  be  confounded  with  non-sexual  reproduction 
generally,  of  which  it  is  merely  a special  case.  In  the  Metazoa  the  male 
gamete  or  spermatozofm  is  so  specialised  and  reduced  in  bulk  that  any 
development  from  it,  except  in  union  with  the  ovum,  is  ([uite  impossible. 
In  the  less  specialised  male  gametes  of  Protozoa,  however,  non-sexual 
development  is  possible,  though  very  rare,  and  has  been  termed  by 
Prowazek  etheogencsis.  Parthenogenesis  and  etheogenesis  arc  initiated 
as  a nde  by  changes  which  have  the  effect  of  setting  the  indiA’idual  back, 
so  to  .speak,  fi’om  the  male  or  female  to  the  indifferent  or  non-sexual 
type,  with  subsequent  reproduction  on  vegetative  lines. 

The  Protozoa  are  divided  into  four  classes — the  Sarcodina,  Mastigo- 
phora,  Sporozoa,  and  Infusoria. 

Class  I. — Sarcodina. — Protozoa  in  which  the  body -protoplasm  is 
naked,  in  which  j^ermanent  organs  of  locomotion  are  absent  in  the  adult, 
l)oth  locomotion  and  ingestion  of  food  being  eftected  by  protoplasmic 
processes  of  temporary  nature  termed  pseudopodia. 

The  typical  body-form  may  be  said  to  be  a simple  sphere,  only  realised 
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(luring  the  resting  phase  in  Anudni  and  other  forms  which,  like  it,  creep 
upon  a solid  substratum.  In  Sai’codina,  however,  which  float  frecl}’’ 
suspended  in  the  Avater,  such  as  the  Heliozoa  and  liadiolaria,  the  spherical 
bfidy-form  is  retaiired  in  perfection,  Avith  pseudopodia  radiating  from  it 
in  all  directions.  On  the  other  hand,  the  opposite  extreme  is  seen  in  the 
semi  terrestrial  JMycetozoa,  foi-ms  Avhich  are  adapted  to  li\^e  on  damp 
trce-tninks,  bark,  fungi,  etc.  In  these  organisms  the  protoplasm  forms 
large  creeping  masses,  often  measuring  many  centimetres  in  horizontal 
extent,  but  very  thin  in  the  vertical  direction,  termed  jdasmodia. 

Idle  greatest  and  most  diagnostic  dill'erence  in  appearance  between 
dilferent  Sarcodina  is  due  to  the  differences  in  their  pseudopodia,  Avhich 
vary  from  slender  “ filose  ” filaments  (filopodia)  to  thick,  coarse,  “ lobose  ” 
processes  (lobopodia).  The  formation  of  pseudopodia  may  result  in 
moA'enient  from  place  to  place  of  the  body  as  a Avhole,  or  the  animal  may 
remain  stationary  and  send  out  its  pseudopodia  simply  for  the  capture  of 
food.  As  a rule,  locomotion  is  most  active  Avhen  the  pseudojiodia  are 
more  lobose  in  type,  less  so  Avhen  the  pseudopodia  are  filamentous.  I'he 
exti-eme  of  the  lobose  type  is  seen  in  those  amoebse  in  Avhich  the  Avhole 
protoplasm  IIoaa'-s  foiAvard  steadily  in  one  direction,  so  that  the  body  Avhen 
active  is  simply  one  large  pseudopodiuni.  The  thicker  and  more  lobose  the 
pseudopodia,  the  less  do  they  branch,  but  the  more  slender  forms  may 
branch  repeatedly,  and  in  the  tyjiical  filamentous  forms  the  branches 
anastomose  into  a delicate  uetAvork,  often  spread  over  a considerable 
extent;  such  forms  arc  termed  “ reticulose.”  All  p.seudopodia  arise  in 
the  first  instance  from  the  ectoplasm,  Avhich  is  the  seat  of  movement. 
^Vhen  the  pseudopodia  are  thick  and  lobose,  a core  of  endoplasm  Hoavs 
into  them,  and  they  are  consequently  more  fluid  in  consistence.  Slender 
pseudopodia,  on  the  other  hand,  are  commonly  composed  of  ectoplasm 
alone,  and  are  more  stiff  and  rigid. 

The  soft  protoplasmic  body  of  the  Sarcodina  may,  in  the  free-living 
forms,  be  protected  or  supported  by  a secreted  slccleton,  primarily  of  aii 
organic  nature,  but  usually  saturated  and  indurated  by  mineral  salts, 
which  in  the  vast  majority  of  cases  are  either  carbonate  of  lime  or  silica. 
'I’he  skeleton  may  be  formed  externally  oi-  internally  to  the  body.  In 
the  former  case  it  takes  the  shape  of  a shell,  test,  or  house,  into  Avhich 
the  })rotoplasm  can  be  retracted  entirely  or  partially.  Internal  skeletons 
are  laid  down  usually  in  the  foi'in  of  beams  or  bars  of  the  skeletal 
material,  Avhich  are  commoidy  connected  to  form  lattice-Avorks  more  or 
less  complicated  in  structure. 

One  nucleus  at  least  is  })robably  alAva}-s  present  in  any  species  of 
Sarcodiiia,  as  a more  or  loss  conspicuous  body  surrounded  by  a distinct 
membrane,  and  containing  besides  chromatin  a comsiderable  amount  of 
achromatic  substances,  especially  plastin,  arranged  in  various  Avays.  In 
addition  to  the  nucleus  there  may  be  a greater  or  less  quantity  of  extra- 
uuclear  chromatin  scattered  in  the  cytoplasm  in  the  form  of  fine  granules 
or  chromidia.  Ilecont  observations  on  the  reproduction  shcAv  tliat  the 
chrotiiidia  possess  great  importance,  as  reserve  generative  chromatin. 
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which  comes  into  play  when  a fresh  life-cycle  is  started  by  an  act 
of  conjngation ; while  the  princii)al  nucleus  governs  the  “ vegetative  ” 
activity  of  the  body — that  is  to  say,  the  nutrition,  growth,  and  reproduction 
by  ordinary  division.  In  some  forms  phases  may  be  found  pi-eparatory 
to  conjugation  in  which  the  principal  nucleus  may  l)c  eutirel}^  .ibsent  and 
chromidia  only  are  found  in  the  cytoplasm.  On  the  other  hand,  chrom- 
idia  may  be  absent,  the  generative  and  vegetative  chromatin  being 
combined  in  the  nucleus,  from  which  is  expelled  the  vegetative  chromatin 
dui’ing  the  process  of  maturation  prior  to  conjugation.  The  chromidia  or 
generative  chromatin  can  thus  be  compared  as  regards  function  to  the 
micronucleus  of  the  Infusoria  (see  p.  114),  and  the  principal  nucleus  or 
vegetative  chromatin  to  the  macronucleus. 

The  cases  in  which  species  of  Sarcodina  have  been  described  as  lacking 
a nucleus  altogether  (Haeckel’s  so-called  Monera)  are  probably  to  be 
e.xplained  either  by  defective  technique  and  observation  or  by  the  nucleus 
being  represented  temporarily  in  the  foi-m  of  chromidia.  With  increase 
of  body-size  the  number  of  nuclei  present  may  also  undergo  increase 
by  growth  and  division,  often  to  many  thousands.  In  such  cases  the 
nuclei  of  a given  individual  are  similar  and  equivalent  to  one  another, 
and  not  differentiated  in  structure  or  function. 

A contractile  vacuole  is  commonly  found,  but  appears  to  be  (juite 
absent  in  some  groups  (Mycetozoa,  Kadiolaria,  most  Foraminifera) ; in 
other  cases  more  than  one  may  be  present.  Food-vacuoles  are  usually 
formed  when  solid  food  is  ingested.  The  metaplastic  enclosures  of  the 
protoplasm  may  include  crystals  and  other  bodies  too  varied  in  natui-e 
to  be  enumerated  in  a general  account. 

All  Sarcodina  exhibit  resting  phases,  during  which  they  either  shelter 
against  unfavourable  conditions,  or  ejiter  upon  a period  of  reproducti^•e 
activity.  Encystment  is  a common  |)hcnomenon  in  these  circumstances. 
In  Sarcodina  which  have  a shell  or  test  the  protoplasm  is  withdrawn  into 
it  during  the  resting  phases.  A cyst  may  be  formed  within  the  shell 
l)y  the  ])roto[)lasm  ; when  the  animal  enters  again  upon  the  acti\x  phase, 
the  cyst  is  al)sorbed  and  the  shell  reoccupied. 

Keproduction  in  the  Sarcodina  takes  one  of  two  forms — (1)  sinqde 
fission  in  some  form  during  the  active  condition  of  the  animal  ; {'1)  spoiai- 
lation  in  the  resting  state.  The  latter  is  commonly  fouTid  as,sociatc(l 
with  some  method  of  conjugation. 

(1)  ^Multiplication  by  simple  fission  appears  to  be  in  abeyance  oidy  in 
some  of  the  larger  marine  Sarcodina,  such  as  Kadiolaria  and  Foi  aminifcra, 
forms  for  the  most  part  with  a more  or  less  complicated  shell  or  skeleton 
or  body-structure.  With  these  exceptions  the  rule  in  the  group  is 
reproduction  by  fission.  Colony-formation,  through  incomplete  separa- 
tion of  individuals  produced  l)y  fis.sion,  as  frequently  seen  in  other  clas.ses 
of  Pi'otozoa,  does  not  appear  to  be  common  in  Sarcodina. 

(2)  Sporulation  is  ])robably  of  very  general  occurrence  in  this  group, 
though  in  many  forms  it  has  not  yet  been  described.  It  usually  takes 
place  within  a cyst,  though  not  always,  and  results  in  the  breaking-up  of 
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the  nucleus  and  cytoplasm,  to  form  numerous  small  uninucleate  individuals 
which  are  set  free  as  swarm-sporei>,  either  amcebulcB  or  Hagelluhe.  The 
hagellula?  represent  always  a temporary  phase,  and  later  lose  their 
hagella,  with  or  without  conjugation  having  taken  place,  becoming 
aimebuhe,  which  in  their  turn  develop  into  the  adult  organism. 

In  Sarcodina  the  sexual  process  exhibits  great  variety,  both  in  its 
methods  and  in  its  relations  to  the  life-cycle  as  a whole.  Conjugation 
(zygosis)  where  it  has  been  observed  takes  place  most  frequently  between 
swarm-spores,  especially  Hagellulre,  two  of  which  become  completely  fused, 
both  iu  nucleus  and  cytoplasm,  to  form  a uninucleate  zygote.  In  many 
cases  the  gametes,  whether  amcebulse  or  hagellulae,  may  be  differentiated 
in  size  and  structui'e  into  male  and  female  elements  (anisasjwres).  In  other 
cases  again  a third  or  indiff’erent  form  of  swarm-spore  {isoqjore)  may  be 
formed  which  develops  directly  into  the  adult  without  conjugation.  The 
extreme  of  complication  is  reached  where,  as  in  some  Loljosa  and  many 
Foraminifera,  true  alternation  of  generations  is  observed.  The  adult 
individuals  are  then  of  two  kinds : one  form,  termed  by  Schaudinn  a 
schizunt,  giving  rise  only  to  isospores,  which  develop  without  conjugation  ; 
the  other,  termed  a sporont,  giving  rise  to  anisospores  which  conjugate ; 
and  the  zygotes  develop  into  schizonts.  In  some  cases  the  conjugation 
is  not  between  swarm-spores,  but  between  adults  (macrogamy).  True 
conjugation,  with  nuclear  fusion  or  karyogamy,  must  be  carefully 
distinguished  from  a process  of  not  uncommon  occurrence  termed 
in  which  the  protoplasm  of  two  or  more  individuals  undergoes 
amalgamation,  the  nuclei  remaining  separate. 

The  Sarcodina  may  be  divided  conveniently  into  five  subclasses,  some 
of  Avhich,  however,  do  not  include  parasitic  forms  of  interest  to  medicine, 
so  far  as  present  knowledge  extends. 

Subclass  I. — Aincehcm. — Amoeba-like  forms,  Avith  or  without  a shell, 
but  usually  without  internal  skeleton ; usuall}^  of  creeping  habit, 
occasionally  floating.  Pseudopodia  of  various  types. 

The  classification  of  the  Amoebma  is  extremely  difficult,  as  no  sharp 
characters  are  to  be  found  by  Avhich  they  can  be  grouped,  and  the  most 
extreme  types  are  connected  by  transitions.  Obvious  morphological 
characters  are  the  nature  of  the  pseudopodia  and  the  presence  or 
al)sence  of  a shell.  In  the  lack,  however,  of  more  extended  knowledge 
of  the  life-histories  of  these  organisms,  present  classifications  must  be 
regarded  merely  as  provisional  methods  of  conveniently  grouping  them, 
and  not  in  any  Avay  as  indicating  their  natural  affinities.  Hence  Ave  find 
that  no  tAvo  authors  are  in  agreement  in  their  modes  of  classifying  the 
forms  com])riscd  in  this  order.  For  the  purposes  of  the  present  article  it  is 
sufficient  to  divide  the  Amcebfea  into  lieticulosa,  Avith  filamentous,  usually 
reticulose  pseudopodia,  aud  Lobosa,  Avith  lobose  pseudopodia.  The 
Lobosa  may  theu  be  further  subdivided  into  Nuda  (Gymnamoebre),  Avith 
naked  proto])lasm,  and  Testacea  (Thecamcebae),  provided  Avith  a shell. 

1.  The  lieticulosa,  sometimes  classified  as  special  subclass  under 
the  name  Proteomyxa,  comprise  the  naked  amoeboid  forms  characterised 
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l)v  slemler,  lilamentous,  usually  net-like  pseudopodia.  The  Keticulosa  do 
not  include  any  forms  of  special  interest  to  medicine,  as  j'arasites  of  man  or 
other  animals.  One  of  them,  hoAvever,  l)elonging  to  the  family  Zoo»])orida\ 
namely  the  -well-known  parasite  of  cahhage  plants,  Phismodiophora  hrnsaicce 
Woronin,  desen  es  mention,  as  it  has  figured  a good  deal  in  recent  cancer 
researches,  and  its  intracellular  stages  in  the  I'oots  of  the  cahhage  have 
been  compared  with  the  well-known  “ riimmer’s  bodies”  in  cancer. 
Plasmodiophora  attacks  any  species  of  the  genus  Prassica,  as  well  as  allied 
gei^era  of  Crucifenr,  and  produces  pathological  growths  on  the  roots  in 
the  form  of  knotty  swellings.  The  cycle  begins  with  s])ores  from  which 
small  Hagelluhe  are  set  free,  each  with  a single  flagellum.  The  minute 
hagelhda)  find  sufficient  moisture  to  SMum  in  damp  eai'tli  and  attack  and 
penetrate  the  roots,  becoming  small  ammbulae  which  pass  into  the  cells 
of  the  parenchyma,  where  they  are  found  in  the  cell-saj),  several  in  each 
cell.  The  host-cells  multiply,  and  become  later  hypertrophied  and  of 
abnormally  large  size.  The  amoebulse  in  each  cell  fuse  together  to  form 
plasmodia,  and  their  nuclei  multiply.  After  a certain  number  of 
vegetative  divisions,  the  nuclei  of  the  plasmodium  enter  upon  the 
generative  phase  by  breaking  up  into  chromidia,  which  are  partly 
absorbed,  ])artly  reconcentrated  to  form  small  generative  nuclei.  These 
divide  by  karyokinesis  twice,  and  then  the  protoplasm  becomes  segmented 
round  the  nuclei  to  form  small  uninuclear  corpuscles,  the  gametes,  which 
fuse  in  pairs  in  an  autogamous  manner.  The  zygotes  l)ecome  surroimded 
by  a tough  wall  to  form  the  very  numerous  minute  round  spores,  which 
are  set  free  by  decay  of  the  plant-tissue,  and  under  suitable  conditions 
liberate  the  minute  flagellulaj  which  initiate  a fresh  infection  and  a new 
vegetative  cycle.  By  some  authorities  this  parasite  is  included  amongst 
the  .Mycetozoa  (see  p.  2 1 ),  on  account  of  the  formation  of  plasmodia. 

2.  The  Lobosa  Nuda  comprise  the  various  genera  of  Amoebre,  such  as 
Amo'ba,  and  allied  genera.  The  majority  of  them  are  free-living  forms, 
but  parasitic  amcebte  are  found  in  various  animals.  A species  very 
easily  obtained  is  Amccha  hlaita'  Biitschli,  found  almost  invariabl}^  in  the 
proctodfeum  of  the  common  cockroach  (Jlhdta  ori(nifalis). 

At  least  three  species  of  Amreha  are  internal  j)arasites  of  the  human 
body,*  and  have  been  given  the  generic  name  Enlamodm  ; a genus  to  be 
defined,  however,  ordy  by  a parasitic  habit  of  life,  and  not  by  structui'al 
characteristics,  uidess  the  absence  of  a contractile  vacuole  is  to  be  con- 
sidered a diagnostic  feature.  Two  of  the  species  in  rpiestion  ajqieai'  to 
be  perfectly  harmless  to  their  hosts,  and  are  perhaps  to  be  regarded 
as  commensals  rather  than  parasites ; these  are  ^Imceha  coli  Liisch, 
occuri'ing  chiefly  in  the  anterior  part  of  the  huge  intestine,  and  A.  hnrealU 
Prowazek,  from  the  mouth  of  persons  suffeiiug  from  dental  caries. 
The  third  human  species  of  Amreha  is  pathogenetic  in  its  action,  and  has 
been  named  by  Schaudiuu  (74)  Entamoaha  hiAoliifica ; it  is  regarded  as 
the  cause  of  tropical  dysentery.  (See  article  “ Animbic  Dysentery.”) 

1 Many  more  .species  of  doubtful  validity  have  lieen  described  and  named.  See  Uotlein 
(22)  and  Bratin  (S). 
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It  occurs  not  only  in  all  parts  of  the  intestine,  but  may  also  penetrate 
the  liver,  stomach,  kidneys,  etc.,  causing  abscesses  in  these  organs. 
Amceha  histoli/iiai  has  commonly  been  confused  Avith  Anueha  coli ; but 
according  to  Schaudiim  they  not  only  difler  totally  in  their  life-cycles, 
l)ut  they  are  distinguishable  by  the  following  characters  (compare  also 
Verdun,  93).  In  Amceha  coli  (Fig.  1)  the  ectoplasm  is  not  visible  as  a 
distinct  layer,  except  during  the  formation  of  a pseudopodium,  when  it 
appears  as  a hyaline  projection  of  the  surface,  into  which  the  granular 
endoplasm  flows  ; in  consequence  the  pseudopodia  are  soft  and  fluid.  Its 
nucleus  is  large,  sub-central  in  po.sition,  and,  being  rich  in  chromatin,  .stains 
deeply  in  prei)arations.  In  Amceha  histoh/tica  (Fig.  2),  on  the  other  hand, 
the  ectoplasm  forms  a distinct  superficial  layer,  and  the  pseudopodia  not 
only  grow  out  from  it,  but  are  formed  entirely  by  the  hyaline  substance 
of  the  ectoplasmic  layer;  hence  the  pseudopodia  of  this  form  are  moi-e  tough 
and  rigid  in  consistence.  The  nucleus  is  small  and  very  poor  in  chromatin, 
hence  staining  Avith  difficulty,  and  in  po.sition  it  is  excentric  or  e\'en 
superficial,  appearing  sometimes  as  if  flattened  out  against  the  ectoplasm. 
Finally,  in  Amceha  huccalis,  according  to  ProAvazek  (G5),  the  characters  of 
the  protoplasm  resemble  those  of  A.  hidoUjtica  in  the  presence  of  a 
distinct  ectoplasm,  of  Avhich  also  the  pseudopodia  are  entirely  composed, 
but  the  nucleus  is  large  and  more  or  less  central  in  position,  as  in  A.  coli, 
though  at  the  same  time  poor  in  chromatin.  Schaudiim  considers  that 
the  properties  of  the  tAvo  intestinal  amcebai  are  correlated  Avith  the 
peculiarities  of  their  protoplasm.  Amceha  coli,  Avith  its  soft,  semi-fluid 
pseudopodia,  is  unable  to  force  its  AA\ay  into  the  epithelial  cells  of  the 
gut,  and  nourishes  itself  on  bacteria  and  Auirious  substances  contained 
in  the  intestines.  A.  histolytica,  on  the  other  hand,  Avith  its  tougher 
p.soudopodia,  is  able  to  attack  the  epithelial  cells  and  to  penetrate  into 
the  submucous  tissues,  Avhere  it  causes  ulcers,  nourishing  itself  on  tissue- 
elements,  blood-corpuscles,  etc.  Amceha  huccalis  feeds  chiefly  on  leucocytes, 
bacteria,  etc.,  in  carious  teeth. 

The  life-cycles  of  Amceha  coli  and  histolytica  have  recently  been 
studied  by  Schaudinn  (74).  The  deA'elopment  is  A'ery  different  in  the 
tAvo  cases. 

Amceha  coli  (Fig.  1)  multiplies  in  the  large  intestine  by  binaiy  fission  of 
the  ordinary  kind,  and  also  by  a rapid  process  of  multiple  fission  (Fig.  1,  (4) 
to  form  eight  small  amoebaj  Avhich  Avander  off,  feed,  and  gi’OAv.  In  this 
Avay  is  explained  the  great  disparity  of  size,  Auxrying  between  eight  and 
50  /X  in  diameter,  ol)scrved  betAveen  difi'erent  amoeba^  of  this  species. 
The  “ vegetativ’e”  I’eproduction  by  these  tAvo  kinds  of  fission  goes  on  for 
a variable  time,  lasting  longer  AA'hen  the  fieces  are  more  fluid,  l)Ut  soon 
coming  to  an  end  Avhen  the  faeces  become  hard.  Then  the  amteba 
becomes  encysted  and  passes  out  of  the  gut.  The  cyst  is  at  first  only 
a delicate  gelatinous  envelope,  Avithin  Avhich  the  sexixal  CA'cle  Ixegins  its 
course.  Fach  cyst  contains  a single  uninucleate  amoeba,  the  nucleus  of 
Avhich  divides  into  two,  each  daughter-nucleus  going  to  opposite  ]K>les  of 
the  cyst,  and  then  the  protoplasm  becomes  partially  divided  into  tAvo 
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musses  centred  round  each  of  the  nuclei.  Each  nucleus  now  l)ocoines 
partially  or  entirely  resolved  into  chroinidia,  some  of  which,  together 
with  the  remains,  if  any,  of  the  original  nucleus,  are  al)Sorbed  or  cast  out. 
drum  the  remaining  chroinidia  of  each  mass  of  protoplasm  a new  nucleus 
is  foinied,  and  the  reconstituted  nuclei,  which  may  be  regarded  as  coin- 


Fio.  \.—Amo'h«  I'oli.  ,\  .and  B,  living  amneba',  sliPwiiiR  changas  of  form  and  vacuolntion  in  tlin  pro- 
topla.sm  ; C,  U,  E.  ama-ba;  shewing  different  conditions  of  tlie  nnclen.s(») : F,  a s)ieciinen  with  two 
nuclei,  jnvparing  for  lission  ; (1,  a specimen  witii  eiglit  nuclei  jireparing  for  multiple  lission  : H,  an 
encysted  amreba  containing  eight  nuclei;  I.  a cyst  from  which  young  amcebie  {cl)  are  escaping ; 
■I,  K,  young  aimcba-  free.  After  C'asagrandi  and  Barbagallo. 


posed  of  generative  chromatin,  proceed  to  undergo  further  reduction. 
Efich  divides  into  two,  and  one  half  of  each  is  absorbed  or  cast  out  as  a 
polar  Ifod}"  ; the  remaining  nucleus  divides  again,  ;ind  again  one  half  is 
rejected.  AVhen  this  process  of  maturation  is  completed  the  delicate 
elatinous  envelope  becomes  reinforced  by  the  secretion  internal  to  it  of 
thick  cyst-wall,  and  the  contained  protoplasm  shriidvs  to  some  e.xtent, 
the  two  partially  distinct  portions  fusing  into  a single  mass,  in  which  are 
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seen  the  two  matured  generative  nuclei.  Each  of  these  nuclei  now 
divides  into  a pair  of  daughter-nuclei,  which  may  be  distinguished  from 
one  another  as  the  active  and  passive  pronuclei.  The  active  pronuclcus 
of  each  pair  moves  across  the  l)ody  and  fuses  with  the  passive  2)ronucleus 
of  the  other  ])air,  so  that  now  the  cyst  contains  two  zygote-nuclei  or 
syidvarya.  Each  .synkaryon  divides  into  four,  so  that  tlie  entire  cyst 
contains  eight  nuclei.  At  this  stage  the  cyst  requires  to  be  swallowed 
by  a fresh  host.  If  that  occur,  the  contents  escape  in  the  lai-ge  intestine 
of  the  host,  and  the  jn'otoplasni  divides  u[)  round  the  eight  nuclei  to 
form  eight  small  amcebte  (Fig.  1,  II),  which,  just  as  in  schizogony,  start 
on  the  vegetative  jihase  and  thus  complete  the  life-cycle. 

Amceba  histolytica  (Fig.  2)  multiplies  in  the  active  condition  both  by 

binary  fission  and  by  a jii’ocess  of 
irregular  gemmation.  In  the 
latter  case  multi{)le  nuclear 
division  leads  to  the  formation 
of  small  individuals  constricted 
off  from  the  surface  of  the  jjarent 
animal,  the  number  thus  formed 
being  indefinite,  in  contrast  to 
the  definite  numbei-  of  eight 
formed  by  schizogony  in  Amceba 
coli.  The  average  size  of  a full- 
grown  individual  varies  between 
25  and  30  jx  in  diameter,  with 
a nucleus  of  4-6  /x  in  diameter. 
W hen  the  conditions  are  un- 
favourable for  continued  vege- 
tative activity,  as  for  instance 
Avhen  the  process  of  healing 
commences  in  the  host,  the  foi-ma- 
tion  l)egins  of  resistant  phases, 
not  however,  of  cysts  in  this 


case,  but  of  spores.  Ihe  nucleus 
first  gives  off  chromidia  into  the 
protoplasm,  after  which  the 
remains  of  the  nucleus  are 
rejected.  The  chromidia  collect 
near  the  surface  of  the  body,  and 
cs  out  into  little  elevations,  each  containing  numerous 
undergo  separation  from  the  parent  body  as  small 


Fig.  2. — Anurha  hislo! yticaSvhaw].  A,  young  specimen  ; 
B,  ail  oliiei-  .specimen  crammed  with  ingested  blood- 
corpnscles ; C,  D,  K,  throe  ligures  of  a living 
amneba,  which  contains  a nucleus  and  three  biood- 
coriiusides,  to  shew  the  changes  of  form  and  the 
ectoplasmic  pseudopodia  ; n,  nucleus  ; h.c,  blood- 
corpuscles.  After  Jiirgens. 


the  ecto|)lasm  gro 
chromiditi,  which 

spheres  of  protojilasm,  destined  to  become  the  spores.  The  remainder  of 
the  amteba  degenerates.  The  s^Dores  become  surrounded  by  a tough 
yellowish-brown  envelope,  which  prevents  further  study  of  the  nuclear 
substance  contained  in  them.  It  has  been  shewn  experimentalh'  that 
dysentery  can  be  in-oduced  in  cats  fed  with  material  containing’'  dried 
spoies,  gieat  numbers  of  amcebte  making  their  ajipearance  in  the  intestine 


PROTOZOA 


21 


and  faeces.  Only  the  spores,  however,  can  communicate  the  infection  in 
feeding  exjDoriments.  The  details  of  the  development  of  the  spores  are 
not  known  ; possibly  they  may  set  free  some  form  of  swarm-spore  which 
represents  the  gamete-phase  and  goes  through  a process  of  conjugation 
in  the  new  host,  but  nothing  is  known  of  conjugation  in  the  life-cycle. 

In  Aimeha  huccalis  Prowazek  has  observed  multiplication  by  binary 
fission,  and  also  a break-up  of  the  nucleus  into  chromidia,  followed  by  an 
apparent  resolution  of  the  protoplasmic  body  into  small  spherical  bodies, 
perhaps  a ]u-ocess  of  spore-formation  as  in  A.  histolytica. 

Before  leaving  the  subject  of  the  human  parasitic  ammbiv,  mention 
must  be  made  of  the  peculiar  bodies  found  in  the  ascitic  fluid  which 
Schaudinn  regards  as  independent  ammboid  organisms  and  has  named 
Lcydenia  (loiwiipam.  The  nature  of  these  bodies  must  be  considered 
very  doubtful  for  the  present.  For  fuller  information  with  regard  to 
them  see  Doflein  (22)  and  Brann  (8). 

The  i^eculiar  organism  which  Castellani  has  described  from  the  human 
intestine  under  the  name  Entamo’ha  wuhilans  is  certainly  in  no  way 
related  to  the  forms  dealt  with  in  the  foregoing  paragraphs.  It  is 
described  as  having  an  oval  body  with  an  undulating  memlu-ane,  and  as 
protruding  fi'om  time  to  time  a single  long  narrow  pseudopodium,  some- 
times from  one  part  of  the  body,  sometimes  from  another.  It  is  probably 
a phase,  normal  or  abnormal,  of  some  species  of  intestinal  flagellate. 

3.  The  Lobosa  Testacea  {Arcelliim  Biitschli)  comprise  a number  of 
genera,  mostly  of  fresh -water  habitat,  characterised  by  the  posses- 
sion of  a shell  with  a large  aperture,  through  which  the  protoplasm  sends 
out  lobose  pseudopodia.  None  of  them  ai'c  known  as  parasites. 

Subclass  II. — Forarninifera. — The  forms  comprised  in  this  order  are 
characterised  by  filamentous,  usually  very  reticulate  pseudopodia,  and  by 
the  possession  of  a shell  or  test,  most  variable  as  regards  material,  but 
more  usually  calcareous?,  and  shewing  also  the  greatest  possible  A-ariety 
in  form,  but  always  possessing  at  one  pole  a large  aperture  through 
which  the  protoplasm  streams  out  oi*  is  retracted  into  the  shell.  They 
are  mainly  of  marine  habitat,  very  l)cautiful  and  interesting  in  them- 
selve.s,  but  having  no  special  claim  to  consideration  on  tlie  jsart  of  the 
medical  man.  One  order,  however,  the  Oromiidea,  deseiu’es  mention 
here  for  two  reasons.  First,  the  forms  comprised  in  this  order,  mostly 
of  fresh- water  halntat,  approach  veiy  closely  to  some  of  the  Testacea  and 
shew  that  the  line  of  demarcation  between  Ammbsea  and  Forarninifera  is 
a very  artificial  one.  Thus  Eurilypha  (Foraminifer)  and  Difjlugia  (testaceous 
amoeba)  scarcely  differ  in  any  important  point  of  structure,  except  that 
the  former  has  filamentous,  the  latter  lobose  pseudopodia.  Secondly, 
one  member  of  this  family,  though  tiot  exactly  a human  parasite,  comes 
into  relations  with  man  ■,  this  is  Chlamydopthrys  sfercorea  Cienkowsky 
{Platoum  stercoreum),  found  in  the  heces  of  man,  various  mammals,  and 
other  vertebrates  (Fig.  3).  The  reproduction  of  Chlamydophrys  stercoral 
has  been  investigated  by  Schaudinn  (74). 

Subclass  III. — Myretozoa  seu  Myxomycetes. — The  forms  com])rised  in 
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this  order  may  Ije  regarded  as  Sarcodina  adapted  to  a semi-terrestrial  life, 
living  in  moist  places  such  as  damp  hark,  decaying  animal  oi‘  vegetable 
matter,  dung.  In  consequence  they  have  many  peculiar  features,  including 

a process  of  multiplication  by  spores. 


being 


cla,ssed 


-f.v. 


--r. 


-c.v. 


--n 


s/i. 


Fro.  3. — CliliimriiJnphri/x  ntfrcorea.  ]is,  psPU(lo])orlia  : 
f.v,  fooil  - vacuoies ; r,  equatorial  zone  of 
^rranules ; c.r,  contractile  vacuole;  ii,  nucleus; 

shell.  The  chroiniilia  snrronnclin<;  the 
nucleus  are  not  shewn.  After  Cienkowsky. 


which  led  to  their 
formerly  as  fungi. 

Subclasses  IV.  and  — The 
lldiozociAmX  Ih  id  id  aria. — The  Sarco- 
dina comprised  in  these  two  groups 
arc  t3q)ically  floating  forms,  of 
marine  or  fresh-water  habitat,  in 
which  the  bodv  is  of  s])herical  form, 
and  sends  out  slender  radiating 
pseudopodia,  which  are  iisuallv  stiff 
and  do  not  branch.  An  internal 
spicular  skelebjii  ma\"  be  jiresent  or 
absent.  Since  the  members  of  these 
subclasses  are  not  known  as 
parasites,  and  are  not,  it  ma}’'  be 
added,  at  all  likel,y  to  be  found 
livins:  under  such  conditions,  the 
reader  desirous  of  further  informa- 
tion aliout  them  is  referred  to  the 
larger  treatises. 


Class  II. — Mastigophora. — Protozoa  in  which  one  or  more  permanent 
organs  serving  for  locomotion  or  for  capture  of  food  are  present  in  the 
adult  in  the  form  of  flagella. 

A typical  individual  of  the  class  IMastigophora  is  of  small  size,  often 
exce.ssively  minute,  rarely  vi.sil)le  to  the  naked  eye,  and  never  equalling 
the  relatively  gigantic  proportions  attained  b\’  main'  Sarcodina.  There 
is,  however,  a pronounced  tendency  to  colony-formation  in  this  class,  and 
the  colonies  maj'  reach  a considerable  size.  Whether  as  separate  in- 
dividuals or  as  colonies,  the  Mastigophora  may  be  either  free-moving  or 
of  sessile  habit,  being  in  the  latter  case  attached  to  some  object  lyy  a 
portion  of  the  bod}',  which  may  be  drawn  out  into  a stalk  or  peduncle. 

From  the  biological  point  of  view  the  IMastigophora  are  interesting, 
because  eveiy  known  mode  of  nutrition  occurs  amongst  them.  IManv 
species  arc  even  cajiable  of  more  than  one  form  of  metabolism,  according 
to  the  circumstances  of  their  environment,  so  that  we  find  species  which 
may  be  holojihvtic  in  some  circumstances  and  holozoic  or  saprophytic  in 
others.  In  most  cases,  however,  a given  species  is  irrevocably'^  committed 
to  either  the  holozoic,  saprophy'tic,  or  parasitic  mode  of  life. 

The  body'  shews  variations  of  form  and  habit  depending  on  differences 
in  structure.  In  a few  cases  the  protoplasm  is  quite  naked  at  the  surface, 
as  in  the  Sarcodina,  ami  the  body  is  ammboid,  with  a more  or  less  distinct 
division  of  its  .substance  into  ectoplasm  and  endoplasm.  In  the  great 
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majority  of  cases,  however,  the  surface  of  the  body  is  either  limited  by  a 
cuticle  or  peiiplaiit,  representing  a diftereutiation  of  the  most  superficial 
layer  of  the  protoplasm,  or  is  enclosed  in  a more  or  less  rigid  secreted 
membrane  or  envelope ; in  both  cases  a diflerentiation  of  the  body  into 
ectoplasm  and  endoplasm  is  absent.  The  periplast  may  be  extremely 
thin,  permitting  changes  in  body-form  which  are  due  to  contractility,  and 
manifest  themselves  in  so-called  englenoid  movements,  i.e.  ring- like 
contractions  or  swellings  of  the  body  passing  along  from  one  extremity 
to  the  other  in  a peristaltic  manner.  Such  forms  are  termed  metabolic. 
In  most  cases,  however,  the  body  has  a defiiutc  contour,  which  may  be 
combined  with  great  flexibility,  or  with  more  or  less  complete  rigidity  of 
form.  When  a secreted  envelope  is  present,  it  may  take  the  form  of  a 
test  or  house  standing  off  from  the  body,  or  of  a cell-membrane  in  contact 
with  the  superficial  protoplasm.  The  holozoic  Mastigophora,  which 
absorb  solid  food-particles,  may  do  so  at  aity  point  of  the  body-surface, 
or  at  a particular  region  or  spot,  which  then  may  be  marked  Ijy  a definite 
and  constant  aperture  or  cell-month  (cytostome).  The  cell-month  leads 
usually  into  a short  tube  or  ce.mphufjns  which  ends  blindly  in  the  body 
protoplasm.  In  holophytic,  saprophytic,  and  parasitic  forms,  nourishment 
is  absorlted  by  diffusion  through  the  superficial  layer  of  the  body,  and  a 
mouth-apparatus  is  either  eutirelj"  absent,  or  is  retained  in  some  of  the 
free-living  species  as  an  excurrent  duct  and  aperture  for  the  contractile 
vacuoles. 

Great  external  differences  in  appearance  between  different  IMastigo- 
phora  are  produced  lu’  the  manifold  variations  in  the  number,  form, 
and  arrangement  of  the  flagella.  Commencing  with  the  simplest  case,  in 
which  but  a single  flagellum  is  })resent,  it  is  usually  situated  at  the 
extremity  of  the  body  which  is  anterior  in  movement,  and  acts  as  a 
tnirtellum  ; that  is  to  say,  it  performs  jveculiar  lashing  movements  by  which 
the  body,  if  free-swimming,  is  dragged  after  it,  generally  in  a more  or 
less  jerky  manner.  In  fixed  forms  the  result  of  these  movements  is  to 
cause  a current  of  water  towards  the  base  of  the  flagellum,  so  that  solid 
particles  suspended  in  the  water  aie  made  to  impinge  upon  the  body  in 
this  region.  In  a few  cases,  however,  the  flagellum  is  said  to  act  as  a 
jnilsellum — that  is  to  say,  to  be  situated  at  the  pole  of  the  body  which  is 
posterior  in  movement  and  to  propel  the  body  foi'ward,  like  the  tail  of  a 
spermatozoiin.  The  condition  with  a single  flagellum  is  termed  motio- 
mastigote.  There  may,  however,  be  two  flagella  {oligoma>ifigotc)  or  more 
than  two  {poh/miiAigofr).  When  there  are  two  or  more  flagella,  the}’ 
may  be  arranged  in  various  ways,  of  which  the  following  are  some  of  the 
more  important  types: — In  (1)  the  pu7Xi7iui.^fi.gote  condition  a small  accessory 
flagellum  is  inserted  Ity  the  side  of  a largei',  forwardly  directed,  ]>rincipal 
flagellum.  In  (2)  the  heleroiiuii^figote  condition  (Fig.  4),  one  or  more  ^ flagella 
])roject  forwards  from  the  anterioi'  termination  of  the  body,  and  another 

’ The  tenii  hetemnostiuote  is  "enerally  restricted  to  tlie  condition  in  \vhi(  h only  two 
flagella  are  pre.sent,  Imt  i.s  equally  applicable  to  the  forms,  such  a.s  Trichomnsti.v  and 
Tfichumuiws,  in  which  more  than  two  llagella  occur. 
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flagellum  arises  at  or  near  the  origin  of  the  forwardly  directed  flagella, 
but  is  directed  backwards,  running  close  along  the  body-surface  to  the 
posterior  end,  and  there  projecting  freely  beyond  the  body  to  a greater  or 
less  extent,  being  as  a rule  longer  than  the  anterior  flagella.  In  this 
arrangement  the  anterior  flagella  have  the  usual  whip-like  movements 
and  act  as  tractella  (“  Peitschengeissel,”  lashing  flagella).  On  the  other 
hand,  the  backwardly  directed  flagellum  performs  undulating,  wave-like 
movements,  and  appears  to  be  an  organ  more  for  a creeping  than  for  a 
swimming  mode  of  locomotion  ; it  is  placed  on  the  side  of  the  body  in 
contact  with  some  solid  surface,  and  by  its  movements  causes  the  body  to 
glide  along  (“  Schlcppgeissel,”  trailing  flagellum).  In  (3)  the  isomastirjote 
condition  there  are  two  flagella,  arising  together  at  the  anterior  pole,  which 
are  equal  in  size  and  similar  in  orientation.  In  (4)  the  hoJomadigote  con- 
dition there  are  numerous  flagella  scattered  evenly  over  the  bodj”,  a 
condition  oid}'  known,  however,  in  one  genus. 

In  addition  to  a flagellum,  the  body  may  bear  on  the  exterior  a 
structure  termed  an  7tndulaiing  memhrane,  as  in  the  well-known  genus 
T njpano&oimi  (Fig.  6 that  is  to  .say,  a protoplasmic  membrane  running  along 
the  l)ody  like  a fin,  which  by  its  conti’actility  can  perform  undulating  move- 
ments like  those  of  a sail  flapping  in  the  wind,  or,  better  still,  like  the 
waves  of  movement  that  can  be  seen  in  the  tail-fin  of  an  eel  or  the  dorsal 
fin  of  a pipe-fish  (Syngnathus).  Undulating  memliranes  are  found  chiefly, 
if  not  exclusively,  in  parasitic  forms,  and  are  perhaps  to  be  regarded  as 
organs  adapted  for  locomotion  in  a medium  containing  many  solid  Imdics 
or  particles  in  suspension,  as  in  the  blood  or  the  contents  of  the  intestine. 
The  origin  of  the  undulating  membrane  is  probably  to  be  sought  in  the 
heteromastigote  condition  above  described,  as  a web  or  keel  of  contractile 
protoplasm  uniting  a primitively  free,  gliding  flagellum  to  the  surface  of 
the  body.  There  are  many  pai-allel  cases  which  indicate  such  an  origin. 
Thus,  in  the  genus  Trichomastir  the  body  has  three  anterior  flagella  and 
a postei'iorly  directed  gliding  flagellum.  In  the  closely  allied  genus 
'Trirhomonas  {Vigs.  29,  30)  the  arrangement  of  the  flagella  is  similar,  but  the 
gliding  flagellum  forms  the  free  edge  of  an  undulating  membrane,  just 
as  docs  the  single  flagelhun  of  Trypcmosoma.  The  relation  of  undulating 
membranes  to  flagella  is  an  im])ortant  point  in  considei'ing  the  affinities 
of  forms  jiossessing  these  structures,  and  will  be  discussed  further  in 
describing  the  structure  of  Trgpmiosomn  (p.  29).  The  pecmliar  forms 
grouped  in  the  oi'der  Choanoflagellata  are  remarkable  for  the  ])ossession 
of  a structure  termed  a collar,  a protoplasmic  membrane  which  forms  a 
hollow  tube  enclo.siug  the  basal  portion  of  the  flagellum. 

The  pT'otoplasmic  bod}'’  of  the  Mastigophora  invariably  contains  a 
distinct  nucleus,  and  commonly  also  other  structures  of  various  kinds, 
which  will  be  dealt  with  first.  Food-vacuoles  are  found  in  holozoic  forms. 
They  may  arise  at  any  point  of  the  body,  liut  where  there  is  a definite 
mouth -apparatus  they  are  foi'med  at  the  liase  of  the  oesophagus.  Con- 
tractile vacuoles  are  commonly  found,  but  are  totally  absent  in  some 
paiasitic  foims,  such  as  Irypanoaoma.  In  its  highest  elaboration,  seen 
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in  such  ;i  form  as  Euglena,  the  vacuole-system  consists  of  a number  of 
small  contractile  vacuoles  ■which  empty  themselves  into  a single  large 
vacuole  or  reservoir,  u hicli  in  its  turn  evacuates  its  contents  into  the 
oesophagus. 

A number  of  cell-organs  are  to  be  seen  in  holophytic  forms,  which  can 
only  be  mentioned  very  briefly  here,  as  they  are  not  found  in  anj-  known 
parasitic  forms.  Such  arc  (1)  chivmafophores,  bodies  impregnated  with  a 
pigment,  usually  green  and  of  the  nature  of  chlorophyl,  the  means  by 
M'hich  the  organism  carries  on  its  plant-like  nutrition  ; (2)  pyrenoids, 
refringent  bodies  in  the  chi-omatophores,  usually  covered  by  a sheath  of 
amyloid  substance  formed  by  the  constructive  holojdiytic  metabolism ; 
(3)  paramylinn-hodk’s,  masses  of  a substance  allied  to  starch;  and  (-1) 
stkiiiiafa,  minute  bodies  impregnated  with  a red  pigment,  lunmatochrome, 
a single  stigma  l)eing  usually  found  attached  to  the  a^sophagus  near  the 
base  of  the  flagellum.  It  is  })i  obable  that  the  stigma  is  the  seat  of  the 
sensitivene.ss  to  light  that  is  so  marked  a feature  of  many  flagellates. 
In  some  forms  the  whole  body  is  coloured  red  by  ha?matochi-ome  pigment 
contained  in  minute  oily  particles  scattered  over  the  whole  surface  of  the 
body.  Such  red-bodied  species  are  sometimes  so  abundant  as  to  impart 
a red  colour  to  the  water  in  which  they  liA'e. 

In  addition  to  the  cell-organs  already  enumerated,  the  protoplasm 
may  contain  various  granules  and  enclosures,  probably  of  metaplastic 
nature. 

The  nuclear  apparatus  of  the  ]\Iastigophora  is  always  in  relation  with 
the  locomotor  apparatus.  In  the  simplest  cases  the  flagellum  or  flagella 
arise  direct  from  the  nucleus  itself,  as  in  Trichomonas  (Fig.  29).  In 
other  cases  the  Hagellum  arises  fi-om  an  intermediate  body  or  zygoplast 
(Pi’owazek)  which  is  connected  with  the  principal  nucleus  l>y  a filament. 
But  in  many,  perhaps  in  most,  cases  the  flagellum  aiises  independently 
of  the  principal  or  trophic  nucleus  from  a small,  usually  minute,  kinetic 
nuclmi.s,  the  blepharopkast.  This  subdivision  of  the  nucleus  in  IMastigo- 
phora  into  trophic  and  kinetic  portions  must  on  no  account  be  confused 
with  the  subdivision  into  micronucleus  and  macronucleus  seen  in  the 
Infu.soria,  since  in  the  latter  the  micronucleus  represents  generative  or 
sexual  chromatin,  the  macronucleus  vegetative  chi’omatin.  Apai't  from 
the  above-mentioned  subdivision  of  the  nuclear  apparatus,  the  iMastigo- 
phora  are  never  multinucleate- — that  is  to  say,  there  is  never  more  than 
one  principal  nucleus,  except,  of  course,  when  the  preparations  for  rc])ro- 
duction  ai'e  commencing.  The  principal  nucleus  varies  in  structure,  but 
most  usually  contains  a distinct  nuclear  corpuscle  or  karyosome.  Chromidia 
are  generally  absent,  but  a single  lai’ge  chromidium  has  been  observed  by 
Prowazek  in  the  gamete-producing  foi-ms  of  JloJo  larerfm.  1'he  blephai'o- 
plast  appears  usually  homogeneous,  but  in  some  cases  is  described  as 
having  difFerentiated  central  and  peripheral  ])ortions.  Where  there  are 
more  flagella  than  one,  their  blepharoplasts  may  be  fused  into  a rod-like 
structure. 

The  reproduction  of  the  Mastigophora,  considered  genei-ally,  is  on  the 
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same  lines  as  that  of  the  Sarcodina — that  is  to  say,  multiplication  by 
fission  in  the  free,  active  condition,  and  sporulation  in  the  vesting  stage, 
usually  ■within  a cyst,  arc  both  found,  the  latter  method  generally  con- 
nected witii  conjugation.  ^Multiplication  by  fission  is  invariably  of  the 
simple  binary  type,  and  almost  ahrays  longitudinal  to  the  principal  axis 
of  the  body.  The  division  commences  with  that  of  nucleus  and  blej)haro- 
plast,  and  following  the  latter  the  flagellum,  if  single,  either  becomes 
divided  also,  or  a new  tlagellum  is  formed  V>y  the  side  of  the  old  one. 
Other  cell-organs,  if  present,  may  either  undergo  reduplication  b}^  fission 
or  become  re-formed  in  one  of  the  two  daughter-individuals.  The  nucleus 
may  divide  directly  or  by  a simple  form  of  karyokinesis  in  which  the 
karvosome  plays  a ])art  analogous  to  that  of  the  centrosome  in  Metazoa. 

Sporulation  during  the  resting  state  is  of  frequent  occurrence,  especially 
in  the  larger,  more  specialised  forms,  such  as  the  marine  Noctihhca  or  the 
common  fresh-water  Enr/hna.  The  swai’in-spores  lilaerated  are  always 
Hagelluhe,  Avhich  may,  however,  differ  markedl)'  from  the  parent-form. 
An  amoebula  stage,  if  it  occurs  at  all,  is  extremely  rare.  As  in  the  Sar- 
codina,  the  swarm-spores  may  be  non-sexual  isospores  or  sexual  anisospores. 

The  details  of  conjugation,  and  the  preparations  for  it,  are  very 
inadequately  known  in  this  group,  and  it  is  very  difticitlt  at  present  to 
make  generalisations,  but  so  fai-  as  our  knowledge  extends  the  types  of 
conjugation  arc  as  follows.  The  most  primitive  method  is  union,  ending 
in  complete  fusion  of  nucleus  and  cytoplasm,  between  two  individuals  not 
differing  either  from  one  another  or  from  the  ordinary  individuals  of  the 
species,  except  in  so  far  as  their  inxclei  may  have  undergone  processes  of 
maturation  by  elimination  of  nuclear  substance.  This  method  is  found 
amongst  the  simpler,  more  minute  forms,  and  is  frequently  accompanied 
by  formation  of  a cyst  round  the  two  conjugating  individuals,  and  sub- 
sequent rapid  multiplication  of  the  zygote  to  form  numerous  small 
individuals  which  are  set  free.  Conjugation  between  ordinary  indi- 
viduals occurs  also  ixi  the  large  marine  genus  Xocfihica,  where  it  is  of  a 
complicated  type  and  is  followed  by  active  sporulation.  The  next  step 
in  complication  is  that  the  conjugating  individuals  are  more  or  less 
differentiated  both  from  one  another  and  from  the  ordinary  or  indifferent 
individuals  of  the  species,  differing  in  characters  of  bod}'-structurc  and 
cytoplasmic  detail,  as  well  as  in  the  constitution  of  the  nucleus,  which 
undergoes  a process  of  maturation  of  the  usual  type.  Such  a condition 
is  found  in  the  few  cases  where  conjugation  has  been  observed  in 
Tn/paaosonid,  and  the  resulting  zygote  is  descrilied  as  at  first  without 
blephai'oplast  or  flagellar  apparatus,  the  former  being  formed  anew  from 
the  synkaryon. 

Finallv,  in  the  more  highly  specialised  Mastigophora,  both  free-living 
and  parasitic,  a process  of  sporulation  produces  individuals  which  may  be 
either  male,  female,  or  indifferent,  that  is  to  say  non-sexual,  in  structural 
characters  find  in  function.  The  male  and  female  forms  conjugate,  while 
the  indifferent  forms  develop  without  conjugation  into  the  a'clnlt  form. 
By  specialisation  of  the  gametes,  resembling  that  seen  amongst  Coccidia 
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and  iIa?niosporidia,  tlio  male  gametes  produced  from  a mother-cell  or 
gametocyte  may  he  very  numerous  and  minute ; ■while  the  female 
gametes,  on  the  contrarv,  are  bulky  and  inactive,  and  do  not  arise  by 
division  of  the  mother-cell,  but  each  gametocyte  becomes  simply  a 
female  gamete  after  certain  nuclear  changes,  the  process  of  spornlation 
being  in  abeyance.  The  extreme  of  ditl'erentiation  is  seen  when,  as  in 
many  Sarcoclina  and  Sporozoa,  the  individuals  which  give  rise  by  sporula- 
tion  to  the  indifferent  isospores  are  distinct  from  those  Avhich  produce  the 
sexual  anisospores.  AVhen  the  various  types  of  individual  are  combined 
in  a colony,  as  in  Folrox,  we  find  (1)  individuals  which  produce  the 
isospores  or  so-called  parthenogonidia,  (2)  individuals  Avhich  produce  male 
gametes  or  microgonidia,  and  (3)  individuals  which  become  the  female 
gametes  or  macrogonidia.  The  last-named  are  large  non-flagellated  indi- 
viduals resembling  Metazoan  ova. 

The  ^lastigophora  are  divisible  into  four  subclasses: — (1)  Flagellata 
(Euflagellata),  which  may  be  defined  as  having  simply  the  characteristics 
of  the  cla.ss,  Avithout  the  special  characters  which  distinguish  the  following 
subclasses.  (2)  DinoHagellata  or  Peridiniales  of  botanists,  an  abundant 
grouji  of  Mastigophora,  chiefly'  marine,  in  which  there  are  tyq)icall\'  two 
flagella,  one  flagellum  running  for  a short  distance  in  a longitudinal 
groove  in  the  tough  body-envelope  and  then  })ro]ecting  freely'  from  the 
body',  the  other  flagellum  running  round  the  body  in  a circular  transverse 
groove.  The  movements  of  the  tramsA^erse  flagellnm  have  a certain 
re.semblance,  at  first  sight,  to  those  of  a ring  of  cilia,  for  AAdiich  the 
transverse  flagellnm  Avas  oia’ginally'  mistaken,  hence  the  group  Avas 
formerly  termed  Cilioflagellata.  The  nutrition  is  holophytic.  (3)  Cvsto- 
flagellata  (Hhymchoflagellata),  to  include  the  marine  genera  Noctihca  and 
Le/ifodisciis,  pelagic  forms  in  AA’hich  the  adventitiously  enlarged  body' 
consists  chiefly  of  gelatinous  substance  Avith  a relatively'  small  amount  of 
])i’otoplasm.  (4)  Silicoflagellata,  including  various  marine  genera  {Sfqdiano- 
spluvru,  etc.)  parasitic  in  Kadiolaria  and  having  a peculiar  lattice-like 
silicious  skeleton.  Of  these  four  sub-classes,  only'  the  Flagellata  ]')Ossess 
special  medical  interest,  on  account  of  their  frecpiently''  parasitic  habit,  and 
the  remaining  three  subclasses  need  not,  therefore,  be  further  dealt  Avith. 

The  Flagellata  are  an  exceedingly'  abundant  group,  occupying  all 
po.ssible  .situations  in  life  Avhere  sufficient  moisture  exists  to  float  their 
tiny  bodies,  and  ai’e  difi'erentiated  into  a great  number  of  species  and 
genera.  At  present  but  little  is  knoAvn  of  their  com[>lete  life-histories, 
eA'on  in  the  case  of  the  very  commonest  foims.  Hence  it  is  scaicely' 
possible  in  the  present  state  of  our  knoAvledge  to  form  conclusions  as  to 
the  true  affinities  and  inter-relationships  of  the  generic  ty'pes,  and  no  tAA’o 
authorities  agree  in  their  modes  of  classifying  them.  The  clas.sification 
adopted  here  must  not  be  regarded,  therefore,  as  in  any'  Avay'  final,  l)Ut 
merely'  as  a temporarily'  convenient  mode  of  grouping  these  very  plastic 
organi.sms. 

O , 

The  Flagellata  are  commonly  divided  into : — (<t)  Choanofiarjelhdu,  in 
AAdiich  the  flagellum  is  ahi'avs  single  and  is  surrounded  at  the  base 
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by  one,  sometimes  two,  collars.  This  group  contains  a number  of 
interesting  free-living  forms,  mostly  occurring  in  fresh  water,  but,  as 
there  are  no  parasitic  forms  known,  it  is  unnecessary  to  concern  ourselves 
further  with  this  group  here.  (/^)  Lissojiagdlata,  in  which  the  flagellum 
may  be  single  or  multiple,  and  a collar  is  not  present,  though  there  may  be 
an  undulating  membrane.  The  LissoHagellata  comprise  three  ordeis  : 

1.  Monadvlm — forms  usually  small  and  of  simple  structure,  with 
one  or  more  flagella,  with  or  without  a definite  region  of  the  body  at 
which  food  is  ingested,  but  in  any  case  Avithout  a distinct  cesophagus. 
Contractile  vacuole  if  present,  simple,  opening  direct  to  the  exterior. 
Without  chromatophores,  stigmata,  pyrenoids,  etc.;  holozoic,  saprophytic, 
or  parasitic. 

2.  Euffknoidina  — specialised  forms,  typically  with  definite  mouth- 

aperture  and  resophagus,  with  complex  vacuole  - system,,  often  with 
chromatophores,  stigmata,  pyi-enoids,  and  ])aramylum -bodies ; holozoic, 
holophytic,  or  saprophytic.  Examples — Asiasia,  Eiiglena. 

3.  FhgtoJIagellata — exclusively  holophytic  forms  without  mouth  or 
oesophagus,  tvitli  chromatophores,  etc.  Examples  — Chlamgdomonas, 
Volrox.  This  group  is  sometimes  placed  as  a distinct  subclass  of  the 
iMastigophora. 

All  forms  of  parasitic  flagellata  hitherto  known  are  referred  to  the 
first  of  the  above-mentioned  orders,  namely,  the  INIonadidea.  This  order 
may  be  conveniently  subdivided  into  the  three  sul)-orclers  Pcudastovima, 
Protomast igina,  and  Polymastigiiia. 

1.  The  sub-order  Pantastomina  differs  from  the  other  two  in  having 
no  specialised  region  of  the  body  for  the  ingestion  of  food,  Avhich  is 
taken  in  at  any  point  on  the  surface.  It  includes  two  interesting  types 
of  structure : first,  the  so-called  Holomastigoda,  represented  by  the  genus 
Muttkilla  Lauterborn,  in  which  the  mimerous  flagella  are  scattered  evenly 
over  the  sui'face  of  the  body ; secondly,  the  Rhizomastigoda,  represented 
by  Mastigamcr.ha  F.  E.  Schulze,  and  similar  forms,  in  which  the  body  is 
completely  amadjoid  and  bears  one  or  tAvo  flagella.  Xo  parasitic  forms 
are  knoAvn  as  yet  from  this  sub-order. 

2.  The  .sub-order  Protomastigina  includes  foians  Avith  a specialised 
region  for  the  ingestion  of  food — in  those  foi-ms,  that  is  to  say,  in  Avhich 
the  nutrition  consists  of  solid  food-particles  ingested  by  the  organism. 
The  Hagella  are  not  more  than  tAvo  in  number.  This  sub-order,  Avhich 
contains  the  majority  of  parasitic  flagellata,  is  commoidy  subdivided  into 
monomastigote,  paramastigote,  heteromastigote,  and  isomastigote  forms. 
The  artificiality  of  such  a method  of  classification  is  seen  from  the  fact 
that  in  the  single  family  Trgpanosomaiidce  it  is  necessary  to  include 
both  heteromastigote  and  monomastigote  forms.  Well-knoAvn  free-living 
examples  of  this  sub-order  are  the  genus  Monas  and  the  numeroiAS  allied 
genera,  such  as  (Ecomoiias,  Ampliimonas,  etc.  The  heteromastigote  genus 
P>odo  includes  both  free -living  and  parasitic  forms;  P>odo  lacertfc 
Hlochmaiin  occurs  in  the  gut  of  lizards,  and  to  the  same  genus  Kiinstler 
has  referred  a biflagcllate  species,  observed  hy  him  in  a single  case  from 
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huinun  urine,  under  the  name  1>.  •nriiiaria  (FlttgioinoiidS  %irinnria  Bi-aun, 
Cydomonas  urinaria  Blanchard).  The  most  important  parasitic  form.s 
are  the  genus  Trypanosoma  and  its  allies,  grouped 
together  as  the  family  TrypanosomatUhr,  the  genus 
Syirocha’ta  and  allied  forms,  and  the  genera  llerpelomonas 
and  Crithidia. 

The  family  Trypanosomatidte  (Trypanosomidie 
Doflein)  has  hecn  founded  to  include  various  generic 
types,  of  -which  the  most  impoi'tant  are  the  Avell- 
known  genera  Trypanosoma  (Iruhy  and  Trypaiioplasma 
Jiav.  et  ^Ie.sn.  A feature  common  to  all  the  members 
of  the  family  is  the  possession  of  an  undulating 
membrane,  and  -with  few  exceptions  they  are  luemato- 
zoic  in  habit,  that  is  to  say,  parasites  of  the  blood 
of  vertebrates,  occurring  always,  -with  the  jiossible 
exception  noted  below  (p.  3G),  free  in  the  blood- 
plasma,  and  never  -within,  nor  attached  to,  the  blood-corjmscles. 

A typical  member  of  the  genus  Trypanosoma  (Fig.  C)  has  a more  or 
less  spindle-shaped  body,  along  otie  side  of  which  runs  the  imdulating 
membrane.  At  or  near  one  extremity  of  the  bod 3^  is  placed  the 
blepharoplast  (micronucleus,  centrosome,  kinetonucleus,  l^fisal  granule). 

^ The  tlagellum  takes  origin  fi'om  the  ble])haroplast  or 
from  its  immediate  vicinity,  and  runs  from  this  point 
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the  free  edge  of  the  undulating  membrane  to 
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the  opposite  extremity  of  the  bod}",  whence  it  usually 
continues  its  cour.se  as  a free  ilagellum  of  A'ariable 
length.  The  flagellum  may,  however,  terminate  its 
cour.se  with  the  undulating  membrane,  so  that  a free 
flagellum  is  absent.  In  either  case  it  is  convenient 
to  distinguish  the  two  extremities  of  the  body  as 
the  flagellar  and  the  antiflagellar  ends  respectively. 
The  undulating  membrane  may  have  a sinuous  course 
and  is  usually  much  pleated.  The  flagellum  in  its 
course  follows  all  the  sinuosities  of  the  margin  of  the 
membrane.  The  nucleus  (maci'onucleus,  trophonucleus) 
is  a conspicuous  structure  placed  usually  near  the 
middle  of  the  body.  The  cytoplasm  may  contain 
various  gi-anulations,  and  sometimes  a vacuole  occurs 
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in  the  vicinity  of  the  blepharoplast, 
features  Avhich  arc  not  constant,  as  ! 
individuals  of  the  same  species. 

In  Trypanoplasrna  (Fig.  7)  the  Idepharojdast  is  of 
considerable  size,  and  from  it  arise  two  llagella,  one  of 
which  projects  forward  as  a free  anterior  flagellum,  while  the  other  runs 
backwards  down  the  body  along  the  free  edge  of  the  undulating  mem- 
brane, as  in  Tryjxinosorna.  The  arrangement  of  the  flagella  is  therefore 
heteromastigote,  and  only  diH'ers  from  such  a type  as  Bodo  in  that  the 
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posterior  flagellum  is  adherent  to  the  body  l)y  means  of  an  undulating 
membrane. 

A morphological  comparison  of  Trypanosoma  and  Trypanoplasma  sug- 
gests at  once  tliat  the  single  flagellum  of  the  former  represents  the 
posterior  flagellum  of  the  latter,  in  which  case  the  flagellar  extremity 
of  a Trypanosoma  is  to  be  regarded  as  posterior,  the  antiflagellar  end  as 
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Kio.  (5.  — l{t>pivspntalive  mammalian,  avian,  ami  re])tilian  trypanosomes.  A,  T.  hwisi,  after  Uratllbnl 
anrt  Plimmer;  15,  T.  Iiriicil,  after  Lavenin  ami  Mesnil,  x ‘2000 ; C,  T.  (lamhienur,  after  Hnico  ami 
XabaiTO : I),  c'/niiiiim,  after  I.averan  ami  Mesnil,  x 20110;  E,  T.noctiuf,  after  Soliamlinn  ; F. 

T.  arhnn,  after  Laveran  ami  Mesnil;  G,  Hanna’s  trypanosome  from  Imlian  pigeons;  11,  T. 
:iemaniU  (SpiroohoUa  ziematmi),  after  Seliamlinn  ; ,1,  T.  damonio’,  after  Eavcmn  and  Mesnil,  X2000  ; 
c.ij,  chromatoiil  granules  ; v,  vacuole  ; Z.s,  fold  or  striation.  From  Woodcock. 


interior.  On  the  other  hand,  there  are  developmental  data  which 
indicate  a morphological  interpretation  of  the  body  precisely  the 
opposite  to  the  foregoing.  In  a normal  Trypanosoma  from  the  blood 

of  its  vertebrate  host,  the  blepharoplast  is  always  nearer  to  the  anti- 
flagellar extremity  than  the  nucleus,  and  the  undulating  membrane 
extends  along  the  greater  part  of  the  length  of  the  body  ; but  in  certain 
developmental  forms  the  reverse  is  the  case,  the  lilepharoplast  may  be 
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situated  nearer  to  the  Hagellar  end  than  is  the  nucleus,  and  the  undulating 
membrane  may  l)e  short,  extending  over  less  than  half  the  length  of  the 
hotly,  or  may  even  lie  temjiorarily  absent.  Such  forms  occur  both 
naturally  in  the  invertebrate  host  and  in  cultures  : if  they  are  to  be 
interpreted  as  recapitulative  of  phylogeny,  they  indicate  a derivation 
from  a d/w!«s-like  form  with  a single  terminal  anterior  Hagellum,  the 
origin  of  which,  together  with  the  basal  blepharoplast,  has  been  shifted 
backwards  along  the  body,  the  course  of  the  backward  migration  of  the 
Hagellum  being  marked  by  tlie  undulating  memlwane.  According  to 
this  hy])othesis  the  fiagellai-  end  of  a 'Trupanosoiiia  would  be  regarded  as 
morphologically  anterior,  which  is  the  view  taken  by  most  writers. 

The  formation  of  a flagellum  in  a trypanosome  has  been  described  in 
detail  by  Schaudinn  in  2’.  noctmn  (see  below,  p.  40).  From  this  author’s 
observations  it  would  appear  to  follow  that  only  the  fi-ee  flagellum  is  a 


true  flagellum,  compai-able  to  that  of  an  ordinary  monad,  while  the  marginal 
flagellum,  that  is  to  say  the  portion  which  forms  the  edge  of  the  undulat- 
ing membrane,  is  a structure  of  <juite  dilferent  nature,  dei'ived  from  the 
achromatic  spindle  of  a nuclei;s  dividing  by  mitosis.  The  free  Hagellum 
grows  forward  from  a centrosome-like  granule,  and  may  therefore  be 
regarded  as  anterior. 

Some  authors  are  of  opinion  that  among  trypanosomes  two  morpho- 
logically distinct  types  are  to  be  found,  in  one  of  which  the  flagellum 
is  anterior,  while  in  the  other  it  is  posterior.  Thus,  Lidie  considers  the 
tiypanosomes  of  fishes  to  be  derived  from  TrjipunQplasmaAWo,  forms  in 
which  the  posterior  flagellum  has  persisted,  and  jn-oposes  for  them  the 
generic  name  llrnnatomonas  Mitrophanow,  while  the  trypanosomes  of 
mammals,  in  which  the  flagellum  is  regarded  as  antei'ior,  are  given  a iieAV 
generic  name,  Tnjpaimovn.  Similarly,  Woodcock  (88)  has  proposed  the 
name  Trijpanomorpha  for  2'.  nociwr,  in  which  the  flagellum  is  regarded  as 
anterior,  while  in  other  trypanosomes  he  regards  it  as  posterior.  It  is 
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Fig.  7. — Trypauoptasma  horreli  I.av.  et  Mesn.,  llirne  variotie.s  of  the  body-form. 
From  Woodcock,  after  l.cger. 
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hardly  possil)le  at  the  i)resent  time  to  pronounce  decisively  on  these 
(piestions,  hut  from  a comparative  morphological  stamlpoint  it  has  been 
pointed  out  abo\e  that  there  are  analogies  from  other  flagellates  in 
favour  of  an  undulating  membrane  being  formed  by  adhesion  to  the 
bodv  of  a posteriorly  directed  “ Schleppgeissel.”  Ubser\-ations  on  actual 
movements  of  trypanosomes  do  not  help  much  towards  deciding  the 
])oint,  as  the  direction  in  which  the  body  moves  is  not  always  the  same. 
In  the  case  of  the  trypanosome  of  sleeping  sickness,  however,  I was 
able  to  oljserve  that  when  free  from  contact  Avith  blood-corpuscles  and 
surrounding  ol>jects  they  were  prone  to  move  with  the  flagellum 
forwards,  but  that  when  pushing  their  Avay  between  the  corpuscles 
in  narrow  spaces,  they  always  progressed  Avith  the  non -flagellated 
extremity  forwards,  using  the  flagellum  apparently  after  the  manner  of 
a “ Sehleppgeissel.” 

The  known  species  of  TnjpanopJo.sma  are  all  parasitic  in  the  blood 
of  fishes.  The  veiy  numerous  species  of  Tri/panosoina  are  all  primarily 
l)lood-parasites  in  vertebrates  of  all  classes,  but  they  have  the  poAver  in 
some  cases  of  jjassing  from  the  blood  into  the  lymj)h  or  other  serous 
fluids.  Another  genus  referred  to  this  family  is  Tnipanophis  Keysselitz, 
Avith  a single  species  T.  grohheni  (Poche),  parasitic  on  certain  species  of 
Siphonophora  (marine  Hydrozoa).  Like  'rrypanoplasmu,  Tri/panojyJds  has 
tAvo  flagella.  The  type-species  of  Trypanosoma  is  T.  rotatorium  {Amoiba 
rotatoria  INIayer  = Trypanosoma  sanguinis  Gruby  = Unduhna  ranurwn 
J.ankester)  of  the  common  frog.  Liihe  has  proposed  to  retain  the  genus 
Trypanosoma  oidy  for  the  species  parasitic  in  cold-blooded  animals,  but 
the  name  is  used  in  this  article  in  the  Avider  sense. 

The  majority  of  species  of  Trypanosoma  are  not  harmful  to  their 
hosts  ; but  of  special  importance  is  a grouj)  of  s])ecies  occurring  in 
mammals,  ami  in  many  cases  markedly  pathogenetic — such  are  T.  hrucii 
Plimmer  and  Bi-adford,  of  the  “Xagana”  disease  of  horses  and  cattle 
in  Africa  (Fig.  6,  B)  ; T.  equiperdum  Dofiein,  of  “Dourine”  in  horses; 
T.  evausi  Steel,  of  “Surra”  in  horses  and  cattle;  T.  equinum  Xogos,  of 
“ Mai  de  caderas  ” in  horses  in  South  America ; and  lastly,  the  human 
trypanosomes  of  Gambia  feA'er  and  sleeping  sickne.ss,  generalh^  re- 
garded as  the  same  species  under  the  name  T.  gmidnnisr  Dutton 
(Fig.  6,  C).  All  the  pathogenetic  species  just  mentioned  are  remarkable 
for  their  A'ery  great  morphological  similarity,  Avliich  renders  them 
practically  indistinguishable  by  structural  characters,  and  it  has  been 
suggested  that  they  are  all  merely  races  of  a single  species.  In  some 
of  the  pathogenetic  species  it  has  been  clearly  ])roved  that  they  liaA’e 
natural  hosts  to  Avhidh,  by  mutual  adaptation,  they  are  harmless.  Thus 
I.  hrucii  is  found  as  a natural  parasite  of  Avild  game  (antelopes, 
buffaloe.s,  etc.)  in  its  native  haunts  in  Africa,  and  T.  equinum  is  .similarly 
a iiatural  parasite  of  the  capybara  {Hydrocluerus)  in  South  America.  To 
discoA'er  the  natural  host  of  the  trypanosome  of  .sleeping  sickness  is  one 
of  the  greatest  desiderata  in  the  study  of  the  etiology  of  this  disease. 

The  pathogenetic  properties  of  the  trypanosomes  mentioned  depend 
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upon  tlieir  power  ot‘  adapting  themselves  to  various  hosts  ; that  is  to 
say,  when  transferretl  either  by  biting  insects  or  by  artiticiul  inoculation 
to  certain  animals  other  than  those  in  which  they  naturally  occur,  they 
tiourish  exceedingly,  it  may  be  said  abnormally,  in  the  new  host,  and  so 
work  its  destruction.  An  instructive  comparison  is  furnished  in  this 
respect  by  the  non-pathogenetic  T.  lewid  of  the  rat  (Fig.  6,  A).  When  i-ats 
are  inoculated  with  this  trypanosome,  the  parasites  multipl}'  rapidly  for 
about  eight  days,  then  cease  to  do  so,  and  pass  into  an  adult  resting 
stage,  which  gradually  dies  out,  after  which  the  rat  is  not  again 
susceptible  to  the  infection.  Moreover,  T.  lewid  is  not  known  to  flourish 
in  any  other  animal  except  the  rat.  In  the  guinea-pig  it  can  maintain 
its  existence  for  a certain  time,  but  does  not  multiply.  On  the  other 
hand,  when  T.  bntdi  of  “Nagana  ” disease  (Fig.  C,  B)  is  introduced  into  the 
blood  of  a rat,  it  multiplies  continually,  until  shortly  before  the  inevitable 
death  of  the  host  there  may  be  as  many  tiypanosomes  as  red  corpuscles 
in  the  blood,  if  not  more ; and  this  trypanosome  can  flourish  in  a similar 
manner  in  many  other  mammalian  hosts.^ 

It  has  been  proved  that,  with  one  exception,  all  the  species  of  Trypano- 
soma and  Ttypanoplasma,  that  have  so  far  been  investigated  carefully, 
have  a second  host,  an  invertebrate  animal  of  some  kind,  which  acts  as 
an  intermediary  between  the  vertebrate  hosts.  The  one  exception  is 
Trypanosoma  erpdperdum  of  “dourine,”  which  is  alleged  to  be  transmitted 
directly  from  a sick  animal  to  a healthy  one  by  means  of  coitus.  In  all 
other  cases  the  intermediary  is  a blood-sucking  invertebrate,  which  in  the 
case  of  trypanosomes  parasitic  on  terrestrial  vertebrates  is  most  usually 
a dipterous  insect,  but  in  the  case  of  those  of  aquatic  vertebrates  is 
commonly  a leech.  Further,  in  all  cases  hitherto  studied,  it  is  found 
that  the  trypanosomes  undergo  their  sexual  cycle  in  the  invertebrate  host 
alone,  and  never  in  tlie  vertebrate  host,  on  which  account  the  invertebrate 
host  is  termed  liy  some  authorities  the  definitive  host. 

The  main  features  of  the  development  which  are  common  to  all  types 
hitherto  studied  are  as  follows.  The  individuals  of  the  species  can  l)c 
distinguished  more  or  less  easily  into,  first,  indifferent  forms,  and, 
secondly,  sexually  difierentiated  forms,  so-called  male  and  female.  All 
three  types  may  multiply  by  fission,  but  this  method  of  multijdication 
may  be  in  abeyance  in  the  fully  developed  male  and  female  individuals. 
The  three  types  can  frequently  be  recognised  in  the  blood  of  the  vertcl)rate 
host,  l)ut  they  oidy  become  fully  difierentiated  in  the  invertebrate  host. 
In  either  host  the  ranks  of  the  sexual  individuals  are  recruited  continually 
by  difi'erentiation  of  indifi’erent  forms  into  males  and  females.  These 
sexual  forms  may  themselves  become  the  gametes,  or,  as  in  T.  noctuce 
(see  p.  35),  are  gametocytes  from  which  the  gametes  arise. 

The  male  trypanosomes  are  characterised  by  more  slender  form  of 


' A large  trypanosome  resem1>ling  T.  Iheileri  of  the  ox  has  recently  been  described  by 
Kudicko  from  the  blood  of  a monkey  {Cerco2iithecus)  which  h.ad  been  inoculated  from  a 
negro  who  was  sulfering  from  symptoms  of  trypanosome  infection,  but  in  whose  blood  no 
trypanosomes  could  be  found. 
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budy  and  greater  length  of  free  flagellum,  features  Avhich  make  for  the 
greater  activity  that  is  especially  distinctive  of  the  male  type.  The 
cytoplasm  is  clear  and  free  from  coarse  granulations,  and  the  nucleus  is 
more  or  less  compressed  and  drawn  out,  in  correspondence  with  the 
slender  body-form. 

The  female  trypanosomes  are  distinguished  Ijy  greater  bulk  and  less 
activity.  The  cytoplasm  may  contain  numerous  coarse  granulations, 
probably  of  the  nature  of  reserve  material,  and  the  nucleus  is  more 
compact  and  rounded  than  in  the  males. 

Of  the  three  types,  the  males  are  generally  the  most  delicate  in 
constitution,  and  soon  die  off  if  they  do  not  conjugate.  The  indill'ei’ent 
forms  are  more  hardy  than  the  males,  but  the  most  resistant  of  all  are 
the  females,  on  account  of  the  I’eserve  material  stored  up  in  their  abundant 
cytoplasm.  Under  adverse  conditions  it  may  happen  that  all  the  male 
and  indifferent  forms  die  off,  only  the  females  maintaining  their  existence. 
A process  of  parthenogenesis  may  then  take  place  in  the  surviving 
females,  which  consists  in  the  nucleus  going  through  certain  changes 
involving  a process  of  self-fertilisation,  Avhereby  the  individual  is  set  back, 
so  to  speak,  into  the  indifferent  condition.  It  then  multiplies  and 
repopulates  the  host,  its  descendants  being  differentiated  again  later  on 
into  males  and  females.  Parthenogenesis  of  this  kind  may  take  place 
either  in  the  blood  of  the  vertebrate  host,  or  in  the  gut  of  the  invertebrate 
when  the  parasites  have  become  reduced  in  number  by  long  periods  of 
starvation. 

The  sexual  forms  undergo  before  conjugation  a jirocess  of  maturation 
consisting  of  elimination  of  nuclear  substance.  The  maturation  may  take 
place  in  the  blood  of  the  vertebrate  (Prowazck),  but  in  that  case  it  is 
abortive  and  leads  to  no  results.  The  general  rule  is  for  the  maturation 
to  take  place  in  the  gut  of  the  invertebrate  host,  where  alone  conjugation 
can  goon.  The  two  matured  gametes  fuse  com})letely,  their  bodies,  nuclei, 
and  blepharoplasts  becoming  amalgamated,  each  to  each.  The  flagella  and 
undulating  membranes  (lisapj)ear,  and  the  single  blepharoplast  produced 
by  fusion  is  said  to  pass  into  the  single  nucleus  of  like  origin,  the  whole 
constituting  thecomple.x  synkaryon.  The  resulting  zygote  is  a gregarinc- 
like  individual  similar  to  the  0(.)kinetc  oi'  vermicule  stage  of  the  malarial 
parasites  (see  p.  81).  By  heteropolar  division  of  the  nucleus  a new 
blepharoplast  arises,  llagellum  and  undulating  membrane  are  formed 
afresh,  and  the  zygote  becomes  an  ordinaiy  trypanosome  which  commences 
a new  vegetative  cycle  of  generations. 

In  the  foregoing  paragra])hs  the  principal  stages  of  the  normal  life- 
cycle have  been  described.  Numerous  other  phases  and  forms  of  tryj^ano- 
somes  are  known,  howevei’,  which  cannot  be  considered  to  belong  to  the 
natural  development  of  these  oi-ganisms.  Such  are,  first  of  all,  the  very 
numerous  degenerative  phases,  for  iiistance  the  so-called  involution  forms 
found  in  sick  animals  suffering  from  the  effects  of  pathogenetic  trypano- 
somes ; and  the  })lasmodial  aggregations  of  T.  hnicii  described  by 
1 limmei  and  Bradford  must  be  included  in  this  category.  None  of 
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these  degenerated  forms  arc  ever  to  lie  found  in  trypanosomes  living  in 
their  natural  hosts.  A second  series  of  similar  forms  is  furnished  by  the 
development  of  tryjianosomes  in  artificial  media,  forms  so  produced  being 
often  extremely  unlike  any  known  phases  of  the  natural  c3’cle.  The 
cultural  forms  of  tiypanosomes  are  interesting  fur  comparison  with  natural 
phases,  as  illustrating  the  etiect  of  changes  of  medium  upon  tlie  develop- 
mental mechanics  of  a plastic  organism ; lint  until  the  normal  phases  of 
the  life-cycle  are  known,  the  cultural  phases  are  without  value  from  a 
zoological  point  of  view. 

There  remains,  however,  an  important  phase  or  series  of  phases  to  be 
considered,  which  have  been  described  as  occurring  normall}'  in  the  life- 
evcle  of  at  least  one  species,  namely,  the  intracorpuscular  or  intracellular 
phases  in  the  blood  of  the  vertebrate  host.  The  life-cj^cle  of  Tryimnosoma 
noduce  Celli  and  Sanfelice,  as  described  by  Schaudinn  (75),  furnishes 


r'lO.  S.—Triipanosoma  {tlalteriiHum)  mi-tim,  stagRS  in  the  growtli  of  !ui  indifferent  trypiino.some  in  the 
blood  of  an  owl.  n,  nucleus  of  red  blood-eorpuscle  ; p,  iiitrac(dlular  parasite.  In  A a small  trypano- 
some is  shewn  entering  a coi'puscle  ; in  I)  a young  halteridium-.stage  is  seen  leaving  the  corpuscle 
to  become  a free  trypanosome  .such  as  E ; G,  full-gi'own  trypanosome.  From  Woodcock,  after 
.Schaudinn. 


concrete  examples  of  this,  as  well  as  of  other  important  points  in  the  life- 
cycle  of  a trypanosome.  Some  of  the  statements  m;ule  by  Schaudinn  are 
verv  remarkable  and  reipiire  special  consideration. 

Trypanosoma  nodiuo  occurs  in  the  blood  of  the  little  owl  {Athene 
noduu),  the  invertebrate  host  which  disseminates  the  p:irasite  being  the 
gnat  Cule.i:  pipiens.  The  description  of  the  life-cycle  m;iy  be  commenced 
conveniently  with  the  minute  trypanosomes  introduced  into  the  blood  of 
the  owl  by  the  proboscis  of  the  infected  gnat ; these  nuij'  be  either 
indifferent,  male,  or  veiy  \'oung  feimde  forms,  the  full-grown  female 
forms  being  too  large  to  pass  down  the  gmit’s  probosci.s.  The  males  vciy 
soon  die  off,  but  the  indifferent  forms  multiply,  and  their  descendants 
ma\’  become  differentiated  into  male  and  female  types.  The  young 
females  grow  up  to  become  oi-din;uy  female  forms,  which  by  a process  of 
parthenogenesis  may  become  indifferent  forms  and  multiply  as  such. 

The  point  in  which  the  development  of  T.  nodua>  in  the  blood  of  its 
host  is  alleged  to  differ  from  all  other  known  trypanosomes  is  that  stages 
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during  which  the  jwirasite  is  free  in  the  blood  alternate  with  stages  in  uhich 
it  is  intracorpuscular  (Fig.  8).  The  young  forms  ai’e  described  as  attaching 
themselves  by  their  flagella  to  red  blood-corpuscles  and  then  gradually 
penetrating  into  the  latter,  finally  lying  within  the  corpuscle  by  the  side 
of  the  nucleus.  In  this  condition  the  parasite  is  totally  devoid  of 
locomotor  apparatus,  the  flagellum  and  undulating  membrane  have 
disappeared,  and  the  blepharoplast  has  become  closely  applied  to  the 
nucleus.  The  trypanosome  has  now  become  changed  into  the  form  of 
haimatozoic  parasite  long  known  from  birds  under  the  name  JIultcj  idiuDi 
(see  under  Ilccnw^povidiu , p.  91).  According  to  Schaudinn  the  lialteiidium- 
stage  is  succeeded  again  by  a free  trypanosome-stage;  the  parasite  develops 
its  "locomotor  apiiaratus  afresh  in  the  manner  which  will  be  descriliod 
below,  and  breaks  out  of  the  corpuscle,  which  is  but  little  injured  by  it, 
to  become  free  in  the  plasma  once  more.  The  two  forms  have  a regular 
alternation  ; the  free  trypanosome-stages  are  to  be  found  at  night  occur- 


Fio.  0. — Tr>i]mnosoma  noctna',  partlienogenesis.  r.n,  residual  nuclei ; r.fc.e,  reduced  kiiietonuclear 
elements  ; c.ii,  compound  nucleus,  coini)arable  to  that  of  an  ookinete  (comijare  Figs.  10  and  13,  A). 
From  Woodcock,  after  Schaudinn. 


ring  chiefly  in  internal  organs,  when  the  host’s  temperature  is  at  its 
lowest ; the  halteridium-phases  are  found  by  day  in  the  peripheral 
circulation.  The  entire  period  of  growth  from  the  youngest  to  the  full- 
grown  trypanosome,  with  its  regular  alternation  of  phases,  lasts  over  six 
days  and  six  nights,  in  the  case  of  an  indifferent  form,  but  the  female 
forms  grow  much  more  slowlj'.  "When  full-grown  the  trypanosomes 
multiply  by  rapid  fission  to  form  numerous  small  trypanosomes  which 
start  upon  a fre.sh  period  of  growth.  The  gametocytes,  however,  do  not 
leave  the  corjmscle  but  recpiire  to  be  taken  up  by  a gnat  in  order  to 
undergo  development  Avithin  it.  If  this  docs  not  occur,  the  male  gameto- 
cytes die  off,  but  the  female  gametoc}des  may  multiply  by  parthenogenesis. 

A gametocyte  about  to  multiply  by  parthenogenesis  (Fig.  9)  may,  after  a 
period  of  scanty  nutrition,  have  absorbed  the  reserve  materials  stored  up 
in  its  cytoplasm,  which  becomes  more  or  less  vacuolated.  It  has  no  trace 
of  locomotor  apparatus,  and  the  blepharoplast  is  closely  applied  to  the 
nucleus  (I  ig.  9,  A) ; the  latter  contains  a distinct  kaiyosome.  The 
nucleus  first  divides  with  disruption  of  the  karyosome,  budding  off,  as 
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ic  were,  hy  so-called  heteropolar  kaiyoldncsis,  a small  nucleus  (Fig.  9,  B), 
which  goes  through  two  successive  divisions  forming  three  small  nuclei, 
two  of  which,  as  “ polar  bodies,”  commence  to  degenerate.  The 
blepharoplast  also  divides  twice,  and  tu'o  of  the  division-products  begin 
likewise  to  degenerate.  Thus  at  this  stage  the  body  contains  one  large 
and  six  small  nuclei  or  chromatic  bodies ; of  the  latter,  four  are 


Fia.  10. — Trypannanmn  nnctiirr,  (ievelopmcnt  of  niicro- 
;^metocyte  and  tryiiario.somPs  of  mule  chanicter.s 
from  ,aii  ookinete,  m.n,  male  nuclei ; f.n,  degenerat- 
ing female  nucleus;  m.t,  male  trophonucleus  ; m.l:, 
male  kinetonucleu.s  : M.T,  male  trypanosome:  r.h, 
resiilual  body.  From  Woodcock,  after  Scliaudinn. 


Fig.  11. — Trypanosoma  sioctna;. 
A,  male  gamete  ; B,  diagram 
of  its  structure ; e,  nucleus 
(troplionucleus) ; bleplia- 
roplast  (kinetonucleu.s) ; k.c, 
its  ccutrosome  ; a.sp~,  a.spS, 
second  ami  third  axial 
spindles,  the  third  forming 
the  llagellar  border  of  the 
nndul.ating  membrane ; a.e, 
p.r,  anterior  and  posterior 
centro.somes  ; m,  myonemes  ; 
f,  tail-like  ])roIongation  of 
the  body.  From  Woodcock, 
after  Scliaudinn. 


degenerating  and  are  ultimately  ab.sorbed,  while  two  persist  in  a normal 
condition  (Fig.  9,  C,  D).  The  two  persisting  small  nuclei  penetrate 
from  opposite  sides  into  the  large  nucleus  and  fuse  together  to  form  its 
karyosome  (Fig.  9,  D,  E,  F).  The  animal  has  now  become  in  form  and 
structure  exactly  similar  to  the  zygote  (Figs.  10,  A,  13,  A),  and,  in  the 
manner  that  will  j)resently  be  described  for  the  latter,  it  forms  its  loco- 
motor apparatus  ami  becomes  a trypanosome  of  indilferent  type,  or,  it 
may  be,  gives  rise  to  male  or  female  forms. 
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In  order  to  undergo  their  normal  development  the  full-grown  gameto- 
cytes  re({uire,  as  has  been  said,  to  be  taken  up  by  a gnat  into  its  stomach 
with  a meal  of  l)lood.  The  two  forms  of  individual  ha^'e  distinct  characters, 
which  may  1)6  summed  up  by  saying  that  in  the  males  the  nucleus  is  more, 
the  cytopiasm  less  developed,  while  in  the  females  the  reverse  is  the  case, 
the  cytoplasm  being  full  of  granules  of  reserve  material,  while  the 
nucleus  is  lelatively  small.  Both  forms  contain  melanin-pigment  similar 
to  that  of  the  malarial  parasites.  In  the  male  gametocytes  the  pigment- 
grains  are  finer,  in  the  female  coarser.  This  pigment  is  cast  out  from  the 
body  in  the  stomach  of  the  gnat,  in  the  males  before  gamete-formation,  in 
the  females  after  fertilisation. 

In  the  male  gametocytes  the  large  nucleus  with  which  the  blepharo- 
plast  has  become  fused  divides  by  hetcropolar  mitosis  into  a larger  and  a 
smaller  nucleus  (Fig.  10,  B).  The  larger  nucleus  begins  to  degenerate, 
the  smaller  one  divides  up  to  form  eight  small  nuclei  (Fig.  10,  C).  Each 
of  these  divides  again  into  a couple  of  sister-nuclei,  which  remain  close 
together  and  become  ditt'erent  in  structure,  one  sister-nucleus  becoming 
the  trophic  nucleus,  the  other  the  blepharoplast,  of  the  future  gamete 
(Fig.  10,  D).  The  eight  couples  become  arranged  at  the  periphery  of 
the  body,  round  the  central  large  degenerating  nucleus  (Fig.  10,  E). 
The  protoplasm  at  the  surface  of  the  bod}'  grows  out  into  eight  small 
projectioirs,  each  containing  one  of  the  couples  of  differentiated  .sister- 
nuclei,  and  each  such  projection  is  constricted  oft'  from  the  main  body, 
at  the  same  time  forming  a locomotor  appai’atus  and  becoming  a male 
gamete  (Fig.  10,  F).  The  rest  of  the  body  of  the  male  gametocyte,  with 
the  remains  of  the  large  micleus,  dies  and  becomes  disintegrated. 

The  fully  formed  microgamete  (Fig.  1 1 ) has  an  elongated  slendei'  body 
containing  a long  drawn-out  nucleus  which  consists  of  four  chromosomes. 
Behind  the  middle  of  the  body  lies  the  large  blepharoplast,  described  as 
contaitiing  eight  chromosomes.  Behind  the  blepharoplast,  but  some  way 
from  the  extreme  hinder  end  of  the  body,  lies  a minute  granule  or  centro- 
some,  and  another  is  .situated  at  the  extreme  anterior  end  of  the  bodv. 
Between  the  two  centrosomes  lains  the  flagellum,  which  stands  out  from 
the  body  as  the  free  edge  of  an  unchdating  membi-ane.  A free  flagellum 
is  lacking.  The  undulating  membrane  contains  eight  myonemes  or  con- 
tractile threads. 

The  female  gametocytes  become  female  gametes,  going  through  a 
process  of  maturation  as  soon  as  they  arrive  in  the  stomach  of  the  gnat. 
The  body  rounds  itself  off,  and  bursts  the  remains  of  the  blood -corpuscle 
(Fig.  12).  The  blepharoplast  is  closely  applied  to  the  nucleus,  and 
the  two  together  divide  twice  to  form  two  reduction -nuclei.  At  the 
end  of  this  process  the  ripe  macrogamete  contains  a prommleus  and  two 
degenerating  “ polar  bodies”  each  consisting  of  a nucleus  and  a blcpharo- 
plast  in  close  apposition.  The  pronucleus  contains  four  chromosomes. 
The  macrogamete  (fig.  12)  does  not  form  a locomotor  apparatus,  but 
remains  a spherical,  inert  body  which  is  sought  out  and  fertilised  by  the 
miciogamete,  A\hich  fuses  with  it.  The  locomotor  apparatus  of  the  micro- 
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Fig.  12.  — T-n/pavnunma  nochto’, 

inacrogaiuete  1 iberated  ti’oiii  its  liost  - 
cell,  n,  nucleus  of  disintegrated 
blood-corimscle  ; t,  reduced  troplio- 
nucleus  ; k,  reduced  kinetonucleus  ; 
r.11,  degenerating  reduction-nuclei. 
From  Woodcock,  after  Scliaudinn. 


gamete  breaks  down,  and  it  brings  to  the  macroganiete  its  nucleus  with 
four  chromosomes  aud  its  lilejiharoplast  with  eight ; the  latter,  howevei-, 
undergoes  two  reducing  divisions.  The  two  nuclei  fuse  by  means  of  a. 
“ fertili.satiou -spindle  ” similar  to  that  of  the  Coccidia  ami  Htemosporidia  , 
the  male  and  female  blepharoplasts  place 
themselves  at  the  two  poles  of  the  spindle. 

The  nucleus  rounds  itself  oft’,  and  the  two 
blephiiroplasts  pass  from  the  poles  to  the 
centre  and  fuse  together.  The  process  of 
conjugation  is  now  complete,  aud  the  zygote 
becomes  a motile  vermicule  or  ookinete 
(Fig.  13,  A),  which  may  develop  in  one  of 
three  ways.  It  may  become  a trypanosome 
of  indift'erent  or  of  female  character,  or  it 
may  give  rise  to  eight  small  trypanosomes 
of  male  character,  in  the  manner  already 
described  for  the  development  of  the 
microgametes  (Fig.  10).  Male  forms,  if 
produced,  soon  die  off  in  the  gut  of  the 
gnat,  as  they  do  in  the  blood  of  the  owl. 

In  the  development  of  a trypanosome  of 
indift’erent  character  (Fig.  13),  the  first  step  is  the  casting  off  from  the 
body  of  a portion  of  the  protoplasm  containing  the  melanin-pigment,  and 
the  various  reduction -nuclei,  to  wit,  the  two  polar  bodies  formed  ly 
maturation  of  the  female  gametocyte,  and  the  two  reduction  - nuclei 
formed  by  the  male  blepharoplast,  as  already  described.  The  next 
step  is  the  formation  of  the  locomotor  apparatus. 

The  nucleus  or  synkaryon  of  the  zygote  consists,  as  has  already  been 
said,  of  elements  derived  both  from  the  trophic  or  principal  nuclei  and 
from  the  blepharoplasts  of  the  gamete.s.  Each  set  of  sti'uctures  contains 
eight  chromosomes.  The  blepharoplast  elements  form  a karyosome 
lying  in  the  centre  of  the  nuclear  complex,  and  the  karyo.some  contains  a 
central  granule.  The  eight  chromosomes  of  the  karyosome  become  mixed 
with  those  of  the  nucleus  proper.  Then  the  central  granule  divides 
into  two  and  initiates  a heteropolar  mitosis,  whereby  the  syidvaryon 
becomes  divided  into  a larger  and  a smaller  nucleus  (Fig.  13,  C).  The 
former  repr'csents  the  new  trophic  nucleus,  the  latter  the  ne\v  blepharo- 
plast. From  now  onwards  the  formation  of  the  locomotor  apparatus 
proceeds  in  the  same  manner  as  at  any  other  stage  of  the  life-cycle ; that 
is  to  say,  the  following  de.scription  of  the  sub.se([iient  course  of  events 
will  apply  equally  to  the  manner  in  which  the  locomotor  apparatus  arises 
each  time  a haltcridium-stage  becomes  a trypanosome  in  the  owl’s  Iftood, 
or  when  a female  multiplies  by  parthenogenesis,  or  dui'ing  the  develop- 
ment of  the  male  and  female  types  of  trypanosomes  (Fig.  13,  D-II). 

Each  of  the  two  unecpxally  sized  nuclei  contains  a central  granule  or 
centrosome  connected  with  that  of  the  sister-nucleus  by  a fine  thread 
(Fig.  13,  D).  The  smaller  nucleus  divides  by  a heteropolar  division 
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into  two  nuclei  of  unequal  size,  each  also  containing  central  granules  con- 
nected together  hv  a thread  (Fig.  13,  E).  The  smaller  of  these  two 
nuclei,  that  is  to  say  tlie  smallest  of  the  three  nuclei  present  in  the 
body,  travels  to  the  periphery  and  divides  by  mitosis  to  form  a nuclear 
spindie,  which  runs  in  a longitudinal  direction,  and  is  again  heteropohrr 
in  structure,  the  anterior  eml  being  smaller  than  the  posterior  (hig.  13,  ). 

This  mitosis  is  not  completed,  hut  persists  in  the  stage  of  the  spindle. 


l-'io.  13. — Trypavosoma  'iinctua:,  (lovelopment  of  a trypanosome  of  indifferent  charae.ter  from  an  mikinete. 
t.chr,  eif’ht  tliromosomes  of  the  ])rincipal  nucleus  (troidionucleus) ; /c.clir-,  eight  chromosome.s  of 
the  blepharoplast  (kinetonueleu.s) ; c,  centro.somic  gi’anule : a.s,  fir.st,  a..s,2  o..«,3  .second  and  third, 
axial  spindles;  t,  trophonucleus ; t.c,  its  centrosome ; k,  kinetonucleus ; k.c,  its  centrosome  ; 
in,  myonemes  ; /.h,  flagellar  border  of  undulating  membrane;  o'*,  its  proximal  centrosome.  After 
Schaudiiin,  from  Woodcock. 


of  wliich  the  achromatic  elements  consist  of  an  axial  filament  and  eight 
mantle-fibrils  connecting  the  two  centrosomes.  The  achromatic  spindle 
places  itself  at  the  surface  of  the  bod_y  (Fhg.  13,  G),  and  is  converted 
bodily  into  the  locomotor  apparatus  (Fig.  13,  H).  The  axial  filament 
becomes  the  marginal  flagellum  (Fig.  13,  f.b) ; it  places  itself  at  the  edge 
of  the  .spindle  to  form  the  edge  of  the  findulating  membrane,  and  its 
anterior  end  grows  past  the  anterior  centrosome  to  form  the  free  flagelluni. 
The  eight  majitle-fibres  of  the  spindle  form  the  eight  myonemes  of  the 
undulating  membrane.  The  chromosomes  disappear,  apparently.  Thus, 
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the  complete  locomotor  appanitus  consists  of  the  undulating  membrane 
with  its  marginal  flagellum  and  eight  longitudinal  myonemes,  all  con- 
verging at  their  extremities,  both  anteriorly  and  posteriorly,  into  a 
centrosome ; from  the  anterior  centi-osome  arises  the  free  flagellum  ; the 
posterior  centrosome  is  connected  by  a thread,  of  the  same  nature  as  the 
marginal  flagellum,  with  the  central  granule  of  the  blepharoidast,  and 
the  latter  in  its  turn  by  a similar  thread  with  the  central  granule  of 
the  principal  nucleus.  Schaudinn’s  discoveries  reveal  a complication 
of  the  locomotor  apparatus  hitherto  unsuspected  in  such  minute 
objects. 

In  the  case  where  the  zygote  develops  into  a trypanosome  of  female 
character,  the  synkaryon  divides  by  heteropolar  mitosis  into  a large  and 
a small  nucleus.  The  small  nucleus  then  divides  into  eight  small  nuclei, 
just  as  in  the  male  gametocytes  (Fig.  10,  C,  D).  In  this  case,  however, 
the  eight  small  nuclei  degenerate,  and  the  large  nucleus  persists  and 
forms  the  locomotor  apparatus  in  the  manner  already  described.  Schaudinn 
regards  indifferent  trypanosomes  as  hei'maphrodite  in  charactei-,  and  the 
first  step  in  their  difierentiatiou  is  interjireted  as  a sorting  out  of  male 
and  female  nuclear  substances,  one  or  the  other  pci'sisting  or  degenerating 
according  to  the  sex  to  be  produced. 

The  fertilisation  and  subsecpient  differentiation  of  the  zygotes  takes 
place  in  the  stomach  of  the  gnat,  and  is  succeeded  by  active  multiplica- 
tion of  the  trypanosomes.  As  the  blood  becomes  digested  they  pass  into 
a resting  stage  and  attach  themselves  to  the  ejiithelium  of  the  stomach. 
\\’hen  the  gnat  takes  in  a second  feed  of  blood  they  are  aroused  and 
enter  on  a second  period  of  multiplication  and  attach  themselves  in 
clumps  to  the  epithelium  of  the  anterior  region  of  the  stomach,  Avhich  is 
I'egenerated  at  each  meal.  AVhen  at  the  third  meal  this  epithelium 
is  cast  off,  the  clumps  of  attached  trypanosomes  are  carried  Avith  it  into 
the  2)roctod£eum.  A few  individuals  are  left,  however,  attached  to  the 
Avail  of  the  stomach  in  various  places,  and  these,  if  they  be  females,  may 
multiply  later  by  parthenogenesis  and  repojmlate  the  gut  of  the  gnat. 
The  clumps  of  ti'vpanosomcs  in  the  proctodpeum  break  through  its  Avail 
at  the  junction  of  the  ileum  and  colon,  and  so  get  into  the  body-cavity. 
Some  may  then  penetrate  the  ovaries  and  cause  hei’cditaiy  infection  of 
the  next  generation.  Most  of  the  tiyj)a!iosomes,  hoAvever,  pa.ss  into  the 
heai’t,  and  are  carried  fonvard  Avith  the  blood -stream  to  the  region 
round  the  pharynx,  Avhere  they  collect  in  great  numbers  and  break 
through  into  the  lumen  of  the  pharynx.  At  the  next  meal,  the  fourth 
counting  the  one  at  Avhich  they  Avere  taken  in,  the  parasites  pass  doAvn 
the  proboscis  into  the  blood  of  the  vertebrate  host  and  recommence  a new 
cycle.  It  need  oidy  be  added  that  Avhen  the  conditions  arc  unfavourable 
the  trypanosomes  uudei'go  agglomeration,  ahvays  by  their  flagellated 
ends  in  this  species  ; and  that  aftei-  long  periods  of  starvation,  all  foians 
may  die  off  except  the  females,  Avhich  ])ersist  and  under  better  conditions 
repojmlate  the  gut  of  the  gnat  by  parthenogenctic  reproduction. 

The  development  of  Tnipanosoma  mduw]  as  set  forth  above  from 
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Schaudinii’s  descriptions,  is  remarkable  in  several  points.  I'irst  of  all 
there  is  the  alleged  occurrence  of  non-flagellated  halteridium-stagcs,  not 
known  in  any  other  trypanosome,  though  the  so-called  piroplasmoid 
stages  of  the  Leishman-Donovan  bodies  perhaps  furnish  an  example  of 
analogous  phases.  The  consequences  of  this  discovery,  as  they  atl’ect  the 
Innmosporidia,  will  be  discussed  below.  .Secondly,  we  ma)'^  call  attention 
to  the  remarkable  details  of  structure  described  in  the  undulating  mem- 
brane and  its  mode  of  formation.  The  bearing  of  these  statements  on 
the  general  morphology  of  the  trypanosome-body  has  lieen  discussed 
on  p.  30.  On  both  these  points  more  confirmatory  evidence  is  urgently 
needed  before  it  is  jwssible  to  form  any  final  judgment  upon  these 
(piestions. 

In  the  development  of  T.  lewisi  of  the  rat,  Prowazek  found  no  intra- 
cellular stages.  In  this  form  the  sexual  individuals  become  the  gametes; 
thei'e  are  no  difierentiated  gametocytes,  nor  are  the  macrogametes  so 
specialised  as  to  lie  inert  ovum-like  bodies,  as  in  T.  nocince.  This  author 
found  appearances  interpreted  by  him  as  parthenogenesis  of  female 
individuals. 

As  possibly  close  allies  of  the  Trypanosoiiiutidce,  and  by  some  authors 
even  referred  to  this  family,  must  be  mentioned  the  peculiar  forms  referred 
to  the  genus  Spirocluda  Ehrenberg,  often  confused  with  bacteria  of  the 
genus  Spirillum;  hence  the  diseases  caused  by  them  are  still  generally 
termed  spirilloses  collectively.  The  organisms  in  question  have  the 
appearance  of  minute  slender  threads,  wavy  or  spirally  twisted  in  form. 

They  differ-  from  a true  Spirillum  in  the 
body  being  flexible,  enveloped  onl}^  in  a soft 
periplast,  and  not  in  a firm  cuticular  cell- 
inendDrane,  in  possessing,  in  typical  forms, 
an  undulating  membrane,  and  in  lacking 
flagella.  At  the  present  time,  however,  many 
forms  are  referred  to  the  genus  Sp>irorlia’ta 
to  which  the  foregoing  definition  does  not 
apply  in  all  its  details,  and  the  process  of 
separating  all  these  species  into  new  genera 
has  begun  already.  The  original  species  to 
which  the  name  Spirochaia  was  applied  is 
S.  'plicatilis  Ehrenberg,  a free-living  fonn, 
which  will  therefore  remain  as  the  type  of 
the  genus  Spirochwla  in  all  future  applica- 
tions or  limitations  of  the  name.  Sinrochivta 
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Fio.  14. — A and  II,  fjpirorhxta  refrin- 
ririis  Scliaiid.  ; C,  S’.  j./icnO’O',? 
Elii'ciib.,  extremity  of  a large 
.speeimen.  After  Schandinn. 


plicatilis  (Fig.  1-f,  C)  is  of  fairly  large  size  and  has  blunt,  rounded  ends. 
The  undulating  membi’ane  is  very  distinct,  but  there  is  no  trace  of  flagella. 
The  nuclear  apparatus  consists  of  a thread-like  structure,  running  in  the 
long  axis  of  the  organism,  wdiicli  Schandinn  regards  as  corresponding  to 
the  locomotor  nuclear  apparatus  of  the  trypanosomes,  Avhile  the  ordinary 
nucleus  is  represented  by  chromidial  granules  surrounding  the  thread 
The  points  considered  by  Schaudinn  (70)  to  be  characteristic  of  a true 
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'uvia  are  the  uiululating  membrane,  the  absence  of  flagella  ami  the 
blunt  ends.  If,  however,  these  characters,  especially  the  last,  are  to  be 
taken  as  diagnostic  of  the  genus,  it  is  obvious  that  many  forms  at  jireseut 
termed  indiscriminately  SpirocJueta  will  have  to  be  referred  in  the  future 
to  distinct  tfenera  and  receive  other  names. 

O 

Many  important  parasitic  forms  have  been  referred  to  the  genus 
SpirocJiii  fa.  We  may  begin  with  considering  one  for  which  ►Schaudiiin  (7 5) 
has  described  a complete  life-cycle 
in  detail,  namely  Spirocho.ia  ziemauni 
{/fa’muma’ha  zmmnini  Laveran, 

Leucoci/fozodii  ziemauni  Liihe),  which 
occurs  together  with  Trypanosoma 
jiodiur  in  the  blood  of  the  owl 
. Ifhene  noctua,-MK]  is  also  transmitted 
by  the  intermediary  of  Cidex pipiens. 

The  inditt'erent  spirochtetes  in  the 
Idood  of  the  owl  resemble  in 
structure,  according  to  Schaudinn, 
minute  slender  trypanosomes  with 
nucleus,  blepharoplast,  undulating 
membrane,  and  flagellum  (Fig.  G, 

11).  They^  are  parasites  of  the 
white  blood-corpuscles  and  of  the 
erythroblasts.  IMultiplication  is 
by  fission  in  the  longitudinal 
direction  (Fig.  15),  and  two  sister- 
individuals  produced  in  this  way 
may  I'emain  connected  by  their 

hinder  ends  to  form  in  union  a long  slender  snaky  filament  (Fi 
15,  B),  which  can  move  with  either  end  forward.  The  spirochaTes 
may,  by  rapid  division,  become  so  small  that  they  are  only  visible 
when  agglomerated  into  rosettes.  Schaudinn  considers  that  these 
minute  forms  would  pass  through  a Chamberland  filter,  as  does  the 
invisible  micro-organism  of  yellow  fever.  The  .spirochsetes  may  also 
pass  into  a resting  stage  in  which  they  become  Piroplasma-\\\\Q,  but 
with  two  chromatic  bodie.s,  a larger  and  a smaller,  as  iti  the  Lcishman 
Donovan  body  (see  p.  50).  When  the  acute  stage  of  the  infection  is 
passed,  the  minute  indifferent  forms  begin  to  develop  into  sexual  forms, 
gametocytes,  which  in  comparison  to  the  indifferent  forms  arc  of  gigantic- 
size,  so  large,  in  fact  that  they  can  only  partially  penetrate  into  the  leuco- 
cytes or  erythroblasts,  to  which  they  attach  themselves  by  one  extremity 
(Fig.  16).  The  gametocytes  are  typical  trypanosome-like  individuals. 
The  male  gametocyte  passes  into  a resting  stage  without  locomotor  oi-gans, 
and  from  this  stage,  if  taken  u])  by  the  gnat,  arise  the  eight  microgametes 
by  a process  of  sporulation.  The  macrogametocyte  also  passes  into  a 
resting  stage,  and  in  the  gnat’s  stomach  it  becomes  freed  from  the 
remains  of  the  cell  to  which  it  Avas  attached,  rounds  itself  off,  and  goes 


Fio.  15. — Spirochreta  ziemanni.  A,  spirochiftc* 
flividiii};:  15,  the  division  nearly  complete,  tin- 
two  dau^hter-inilividnals  in  a line ; C,  further 
division  of  two  daughter-individuals  connected 
as  in  J5 ; 1),  agsl''nier.ation  of  minute  spiro- 
chades  : E,  F,  resting  stages  of  forms  similar  to 
15  and  C resi)ectively.  After  Schaudinn. 
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through  a process  of  maturation  of  the  usual  type,  after  which  it  is  ripe  for 
fertilisation  as  a mature  macroganiete.  Fertilisation  (Fig.  1 7)  in  the  usual 
manner  by  a microgamete  produces  a zygote  which  becomes  a motile 
vermicule,  which  in  its  turn  grows  greatly  in  length,  and  becomes  coiled 
into  a compact  mass,  its  nuclei  at  the  same  time  multiplying  by  division. 
Finally,  the  z^^gote  by  a process  of  sponilation  forms  an  immense  number 
of  spirochastes,  which  swarm  ov^er  the  Malpighian  tubes  and  intestine 
of  the  gnat,  and  multiply  by  fission  in  the  same  way  as  in  the  blood 
of  the  owl.  The  parasites  pass  forward  in  the  blood-stream  to  the 


Fig.  10, — zieimvni  {Hmmamaha  z.  I.avpran.  T.pvrncytnznnn  z.  FtiliP)  fiaiiiptopj-tps.  A aiui  II, 
female  fifimptocytp.s,  A with,  15  without,  locomotor  .apparatus  ; C,  try])ano.some-likp  male  trameto- 

р. yte  ; 1),  male  gametocyte  after  loss  of  locomotor  aiiparatus,  tlie  nucleus  commencing  to  divide  U]) ; 

с,  host-cell : n.c,  nucleu.s  of  iiost-cell.  After  Schaudinn. 


liharyn.x',  and  are  introduced  by  the  proboscis  of  the  gnat  into  a fresh 
avian  host. 

It  was  suggested  liy  Sch.audinn,  when  he  made  known  these  data 
relating  to  the  development  of  Spirochevta  ziemanni,  that  all  other 
.spiroclnetes  would  be  found,  when  examined  carefully,  to  be  in  like 
manner  closely  allied  in  structure  and  develojmicnt  to  true  trypanosomes. 
.Schaudinn,  however,  abandoned  this  opinion,  and  considers  that  S',  ziemanni 
is  far  removed  from  typical  spirochaetes  such  as  S.  plicaJilis  Ehrenber 
or  S.  refringens  .Schaudinn  (Fig.  14,  A,  B),  from  which  it  differs  in  havin 
pointed  extremities  and  a free  flagellum.  The  same  ajijflies  also  to  an 
important  group  of  spirochaetes  ])arasitic  in  the  blood  of  mammals  and 
birds,  of  which  the  most  imjmrtant  or  best-known  species  are  Sjiirochwfa 
ohermeieri  Cohn  (S',  recurrentis  Lcbert)  of  human  relapsing  fev^er.  S'. 
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luiscritia  Sakharoff  of  geese  aiul  other  anserine  l)irds,  and  S.  gallinarnm 
^larchoux  and  Simond  of  fowls.  At  the  ])resent  time  it  is  far  from 
settled  whether  these  forms 
are  to  be  referred  to  the 
Protozoa  or  to  the  Bactei  ia. 

Even  essential  matters  of 
fact  are  in  dispute  in  the 
most  recent  memoirs  deal- 
ing with  them.  Thus,  »S'. 
gaUinaruui  is,  according  to 
Borrel  and  Laveran,  shewn 
to  be  a l)acterium  of  the 
family  Sj)irillacea  by  its 
“ incontestable  ” transverse 
division,  its  numerous 
flagella  arising  from  all 
parts  of  the  body,  -and  the 
absence  of  an  undulating 
membrane,  of  a circum- 
scribed nucleus,  or  of  a 
centrosome.  On  the  other 
hand,  Prowazek  (68)  asserts  the  same  species  to  be  a Protozobn  allied 
to  Trypanosoma,  on  the  ground  that  it  possesses  a distinct  undulating 
membrane  and  that  the  division  is  longitudinal,  that  it  is  not 
plasmolysed  by  solutions  of  NaCl  and  alkalis,  and  that  it  exhibits 
occasional  cell-parasitism  ; flagella  are  declared  to  be  al)sent,  the  appear- 
ance seen  by  Borrel  being  explained  as  contractile  fibrils  split  ofl‘ 
(“abgeloste  IVIyophane  ”).  Between  such  flat  contradictions  further 
research  must  decide.  Koch  (36)  and  Zettnow,  however,  were  also 
unaide  to  find  any  trace  of  trypanosome-like  structure  in  the  spirochtete 
of  African  relapsing  fever,  regarded  by  Koch  as  identical  with  the 
European  S.  ohermdcri,  and  both  authors  describe  the  division  as 
transverse.  Zettnow  further  confirms  the  discovery  of  Boi-rel,  that  the 
body  of  a spirochocte  {S.  f/allinarurn  and  S.  oberrneieri)  is  beset  by 
numerous  flagella.  The  many  conflicting  statements  seem  to  indicate 
that  at  the  present  time  the  term  spirochsete  is  applied  in  a chaotic  and 
promiscuous  manner  to  three  or  four  distinct  types  of  organisms  ; first,  to 
true  species  of  the  genus  Spirodueta,  t}^pe  ydicaiilis ; secondly,  to  fonns 
such  as  S.  ziemanni,  which  are  in  reality  minute  trypanosomes  ; thirdly, 
to  organisms  of  the  type  of  Trepionema  ptMidu'm,  dcscril)ed  below ; and, 
fourthly,  to  organisms  which  perhaps  ai’e  not  protozoa  at  all.  It  should  be 
mentioned  in  this  connexion  that  Marchoux  and  Simond  are  of  opinion 
that  the  hitherto  invisible  micro-organism  of  ^^ellow  fever  also  “belongs 
to  the  family  of  the  Spirilla,”  as  was  suggested  by  Schaudinn  on  the 
analogy  of  S.  ziemanni} 

1 Novy  anil  Knapp  are  also  of  opinion  that  Apiroc/icvla  ohermeieri  and  allied  forni.s  are 
to  be  regarded  a.s  biicteria  and  not  protozoa  ; these  authors  propose  the  name  S.  duttoni  for 


-he. 


Fig.  17.  — Fertilisation  of  Sirirochwta  ziamaiini.  $ male 
gamete ; $ female  gamete,  containing  the  two  pronuclei, 
i.c.  nucleus  and  bletiharopla.st,  each  with  eight  chromo- 
some.s,  and  the  two  reduction  - nuclei ; h.c,  remains  of 
host-cell.  After  Schaudinn. 
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The  haimatozoic  s})irochsetes  are,  like  other  blood -parasites,  trans- 
mitted to  new  hosts  by  blood  - sucking  invertebrates.  Eurojjean 

relapsing  fever  is  conveyed  chiefly,  apparently,  by  the  bed-bug.  The 
spirochoetes  of  fowls  are  conveyed  by  fowl-ticks  of  the  genus  Aryas. 
d'he  parasite  of  African  I'elapsing  fever  i.s  also  conveyed  by  a tick, 
Oniitkodoros  moahtda,  and  passes  thi'ough  two  generations  of  its  inverte- 
l)rate  host,  the  infection  being  given  by  larval  ticks  born  of  parents  that 
acquired  the  infection  originally.  Koch  (35)  has  investigated  the 
development  within  the  tick  and  found  great  numbers  of  spirochcetes  in 
the  ovary  (Fig.  18,  B),  but  these  were  quite  similar  to  the  forms  in  the 
blood,  and  did  not  shew  any  developmental  stages  such  as  were 
described  by  Schaudinn  for  S.  ziemanni.  Pi’owazek  (68)  describes  /S'. 
qaUinarum  as  passing  into  a resting  stage  by  tying  itself  into  a knot. 


Fin.  is. — Si)iroclui*tii>  of  African  tick  fever.  A,  two  specimen.s  from  the  l/lood  : H,  a clump  of 
spirocluctes  Irom  tlie  of  the  tick  ; c.c,  blood-corpuscle.s  in  outline ; x,  a clear  .space  in  the 
spii'ochicte,  rej;ar(li'cl  by  Koch  as  indicating  transverse  fission.  Alter  Koch. 


'I’lio  parasite  is  also  capable  of  penetrating  the  blood -corpuscles,  and  may 
assume  the  resting  condition  within  them. 

Other  well-known  species  of  Spirocluvta  are  S.  huccalis  Cohn  and 
/S',  (leiitium  Koch  from  the  human  mouth.  A classified  list  of  all  known 
Sj)i,roch(d(i’,  with  their  diagnostic  characters,  is  given  by  Blanchard  (4). 

To  the  genus  Spirochada  has  been  referred  also  the  recently  discovered 
agent  of  syphilis  under  the  designation  S.  pallida  Schaudinn,  and 
that  of  yaws  under  the  name  /S',  pniennis  Castellani.  These  species 
differ,  however,  from  a typical  spirochaste  in  the  following  points  : The 
liod}'-  is  corkscrew-like,  and  .shews  numerous  shaiq),  fine  coils,  which  vary 
from  ten  to  twenty-six  in  number,  and  are  preformed,  that  is  to  say,  are 
not  the  result  simply  of  the  animal’s  wriggling  movements  ; an  undulating 
membrane  cannot  be  made  out,  but  ajipropriate  methods  reveal  a slender  ])ro- 
longatio!!,  interpreted  by  Schaudinn  as  a flagellum,  at  each  of  the  ])ointed 
tapering  ends  of  the  body  (Fig.  19).  Hence  the  jiarasite  of  syphilis  has 

the  i«r.asite  of  /Vfrican  tick  fever,  considering  it  to  be  distinct  from  S.  ohermckri.  Breinl 
(Liverpool  School  of  Tropical  Medicine,  Mem.  xx.)  comes  to  the  .same  conclusion  as  Novy 
and  Knapp,  and  j/roposes  the  same  name  for  the  p.arasite. 
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Fio.  19. — Tirimiicma  pallidum.  A ami  1!, 
oriliiiary  forni.s  ; C ami  1),  contraatiHl 
Ibniis ; X,  clear  space,  rejearded  as 
representing'  the  nnelens.  After 
Krzysztalowicz  and  Siedlecki. 


body,  which 
14.  A,  B). 


Schiiudinn  has 


been  jdaced  in  a distinct  genus,  Spinmcnia  (Vnilleniin),  but  as  this  name  is 
pre-oeenpied,  it  has  been  altered  to  Treponcvia  by  Schaudinn.  The  specific 
name  pallidum  is  taken  from  the  very 
slightly  refringent  nature  of  the  body  in 
life,  and  the  difficulty  with  which  it  can 
be  stained  in  preparations,  properties 
which  render  the  detection  of  the  parasite 
very  difficult.  The  minute  organism  is 
very  active,  moving  with  one  or  the  other 
end  of  the  body  forwards,  and  at  the 
same  time  rotating  on  its  principal  axis, 
or  bending  the  body  sideways.  In 
deeply  situated  syphilitic  lesions,  Trepo- 
tiama  2)alli(hun  alone  occurs,  but  in 
ulcerated  surfaces  there  is  commonly 
found  associated  with  it  another  species, 
distinguished  by  its  darker  form  and 
smaller  number  of  twists  ou  the  spiral 
given  the  name  Spirochada  refriiigeiis  (Fi 

Statements  relating  to  finer  structure  and  development  of  Treponema 
pallidum  have  been  put  forward  by  Krzysztalowicz  and  Siedlecki,  who 
find  that  the  body  of  the  parasite  is  contractile,  and  can  become  thei-eby 
much  shorter  and  thicker,  with  its  curves  less  sharp,  and  at  the  same  time 
more  refringent,  but  the  pointed  extremities  remain  a distinctive  feature 

(Fig.  1 9,  C,  14).  At  some  point,  gener- 
ally not  far  from  the  middle  of  the 
body,  it  is  seen  that  for  a short  distance 
the  body  is  straight,  or  nearly  so,  and 
very  .slightly  thickened,  and  in  this 
region  a clear  spot  can  be  observed, 
which  is  i-egardecl  as  the  nucleus.  The 
ordinary  method  of  reproduction  is  by 
fission  in  a longitudinal  direction 
(Fig.  20).  The  fission  may  for  a 
time  stop  short  of  completeness,  with 
the  result  that  the  two  sister-individuals 
may  remain  connected  by  their  ends, 
and  then  may  either  be  twisted  up 
or  ])laced  in  the  .same  line, 
a s])irocha“te  of  great  length. 
Sometimes  more  than  two  individuals 
are  connected  in  this  Avay  by  their 
ends.  In  addition  to  the  ordinary 
individuals,  the  two  Polish  authors 
describe  also  forms  which  they  consider  as  sexual  individuals.  These 
are,  first,  thicker  spindle-shajied  forms  with  few  bends,  which  the 
authors  consider  try|)anosome-likc  and  jiropose  to  name  Trypanoaoma 


toi^ethei’ 

O 

forming 


Kin.  20. — Treponema  pallidum.  A,  B.  and  C, 
stages  in  lonKitndinal  lissioii  ; 11,  thrae 
individuals  connwti'd  togather  as  the 
result  of  inc(mi]ilete  ll.ssion.  .\fter 
Krzysztalowicz  and  Siedlecki. 
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luh  (Fig.  21),  iilthough  the  minuteness  of  the  organisms  makes  it  im- 
possible to  recognise  the  undulating  membrane  and  other  details  of 
trypanosome-structure ; secondly,  minute  spii  illum-like  forms  which 
api>ear  to  ai'ise  by  segmentation  of  long  thread-like  forms  with  several  nuclei 
(Fig.  22,  A-D).  The  former  are  regarded  as  macrogametes  derived  each 
by  growth  of  single  ^Vepo/ie/Ma-individuals  ; the  latter,  as  microgametes 
formed  by  a process  akin  to  sporulation  from  an  individual  with  multiple 
nuclei.  Conjugation  (Fig.  22,  E,  F)  between  the  two  forms  was  observed  in 
a single  case  “ in  materials  taken  from  a very  large  prim.ary  ulceration  which 
was  beginning  to  cicatrise  spontaneously.”  The  authors  suggest  that  the 
zygote  passes  into  a i-esting  stage  and  becomes  transformed  into  some 
sort  of  cyst  or  sjjore,  which  is  carried  away  in  the  circulation  to  other 


D E 


l‘'iO.  21.  — Treponema  pallidum, 
femiilB  form.s  (“  Tri/panosuma. 
lids').  A and  13,  ordinary  in- 
dividnal.s ; C,  I),  and  E,  binary 
llssion  ; x as  in  Fijrs.  18  anil 
H>.  .M'trr  Krzysztalowicz  and 
Siedlocki. 
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Fio.  22. — Treponema  iwUidum. 
A,  15.  an<i  C.  main  "amete.s, 
derivnd  fi'om  an  elongated 
individual  by  multiple  trans- 
verse fission  as  in  1) ; E and 
F.  eonjug-ation  of  a male 
( S)  and  female  ( 9 ) gamete. 
After  Krzysztalowicz  and 
Siedlecki. 


parts  of  the  body  and  gives  rise  to  new  spirochsetai  which  produce  the 
secondary  lesions.  Other  bodies  of  an  enigmatic  nature  are  described  by 
the  authors,  whose  observations  urgently  need  confirmation.  A possible 
stage  in  the  life-cycle  of  this  parasite  is  the  problematic  Cijtorhiides  has 
Siegel  de.scribed  below  (p.  113).^ 

The  transmission  of  Treponema  pallidum  from  one  host  to  another  by 
the  contagion  of  coitus,  without  an  intermediate  host,  affords  a suggestive 
analogy  to  the  case  of  Trypanosoma  equiperdum  of  “dourine,”  in  wlifch  the 
infection  is  brought  about  in  a similar  manner. 

In  close  proximity  to  the  Trypanosomatidev,  Imt  distinguished  from  them 
by  lacking  an  undulating  membrane,  come  various  species  of  Flagellata 
parasitic,  for  the  most  part,  in  the  digestive  tracts  of  insects.  Such  are 


All  a.l<htionaUoiitributioi.  to  tlie  etiology  of  ..ypliilis,  puhlislied  since  thi.s  article  wa. 
completed  iii  MS.,  is  the  memoir  of  Mr.  E.  de  Korte,  “ On  Certain  Bodies  present  in  the 
Chancie  m the  Condyloma,  and  m the  Blood  during  Secondary  Syphilis  ” (1‘rLtitioner,  June 
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tlio  vurious  species  referred  to  tlie  geneni  llerpdomonas  >Sav.  Kent  and 
C)'iflii(lia  Leger. 

In  Ilcrjx’famoiiax  ’23)  tlie  l)ody  has  tlie  form  of  a flattened  rod,  some- 
times slightly  dilated  near  the  anterior  end,  from  which  the  flagellum  arises. 
I he  type-species  is  11.  iimsav-doinedicic  Burnett  from  the  intestine  of  the 
common  house-fly.  According  to  Prowazek  (G3)  the  flagellum  of  II. 
inuiX'(('-(h)ii)('diav  is  double,  the  two  flagella  being  connected  by  a delicate 
membrane  for  some  distance  from  their  origin.  In  all  other  .species  that 


have  been  i-eferred  to  the  genus  Iletpdomotias  the  flagellum  is  de.scrilied 
as  single,  a diflei  ence  from  the  t3’i)e  - species  which  is  probably  of 
generic  value.  In  11.  Dtuunv-domesticcr  Prowazek  found  that  the  infec- 
tion was  conveyed  partly  by  the  formation  of  resting  cysts,  which  aie 
cast  out  of  the  gut  and  then  swallowed  accidentally  by  othei-  flics,  and 
partly  by  the  hereditaiy  method,  through  the  pai-asites  penetrating  into 
the  ovaries  of  their  hosts.  As  stated  below,  the  flagellated  foim  of  the,. 
Leishman-Donovan  parasite  has  beoi  refcri'ed  to  the  genus  //crpdoifltmd^ 


A 


A 


Fio.  l!3. — Ilerpctomoniix  tinmcdi-diniie.'ilico^ 
Hurnntt.  A.  ordin.ury  iiiotiln  in- 
<liviilual ; li,  icsisliiMt  cy.sl ; n, 
mu'li'us  : III,  tdeiihaj'oplast.  Alter 
I’rowazek 


24. — CrilliUliaminuUi  Ia'i;<'r. 
A.  ordiiiai-y  iiKjtilfi  iiiiiivid- 
ual  ; H anil  C,  ynmi}'  Ibriii.s  ; 
li,  wiUiout  flagcllimi.  After 
l.egor. 
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pointed,  the  single  hugellnm  arising  from  a blepharoplast  situated  near 
the  nucleus.  E.xamples  arc  C.  minuta  Leger  from  the  gut  of  'Jahanu^ 
tergedinitf,  and  C.  fasciculaia  Leger  from  the  gut  of  Anopludes  macii- 
lipeunis.  The  fact  that  both  these  insect  hosts  are  of  blood-sucking 
habit,  and  the  considerable  resemblance  that  the  parasites  themselves 
shew  to  some  of  the  developmental  forms  of  trypanosomes,  are  sufficient 
to  arouse  the  suspicion  that  these  species  of  Crithidia  are  simply  develop- 
mental stages  of  blood-parasites.  As  yet,  however,  the  life-cycle  is  not 
known  in  any  of  these  forms. 

In  the  sub-order  of  the  Flagellata  at  present  under  discussion  must  be 
included,  finally,  certain  human  parasites,  first,  those  known  generally  as 
the  “ Leishman-Donovau  bodies”;  secondly,  those  generally  referred  to 
as  the  parasites  of  oriental  sore.  The  Leishmaii  - Donovan  Ijodies  are 
found  invariably  in  certain  organs  of  the  bod\%  but  mainly  in  the 
greatl}^  enlarged  spleen,  in  kala  azar  and  similar  diseases  occurring  in 
various  parts  of  the  tropics,  especially  in  India,  but  also  in  China,  Egypt, 
and  tropical  Africa.  The  parasites  of  oriental  sore  are  found  in  the 
granulation-tissue  of  certain  skin  lesions  which  are  of  widespread  occurrence 
in  the  tropics,  and  are  known  l)y  various  local  names  such  as  Aleppo 
boil,  Delhi  sore.  Frontier  sore,  etc.  In  spite  of  the  very  great  similarity, 
amounting  to  morphological  identity,  between  the  bodies  occurring  in 
kala  azar  and  in  tropical  sore,  there  ai-e  good  grounds  for  regarding  the 
parasites  in  each  case  as  distinct  from  one  anothei'.  In  India,  for 
instance,  their  geographical  range  is  different  and  their  pathological 
effects  are  not  the  same  ; in  the  one  case  the  parasites  produce  a general 
or  systemic  disease,  in  the  other  only  a local  lesion.  Since  all  the  develop- 
mental data  known  concerning  these  organisms  have  been  worked  out  so 
far  (July  in  the  case  of  the  Leishman-Donovau  bodies  of  kala  azar,  the 
following  account  applies  to  these  parasites  alone. 

The  Leidiman- Donovan  bodies  ha-s-e  been  the  subject  of  much  contro- 
versy, as  regai'ds  both  questions  of  hypothesis  and  matters  of  fact.  They 
occur  in  immense  numbers  in  tire  liver,  spleen,  and  bone-marrow,  and 
more  sparingly  in  various  other  oi-gaus  of  the  bod}'.  Unlike  the  parasites 
of  tropical  sore,  they  are  not  found  in  ulcers  of  the  skin  in  cases  where  there 
is  no  general  infection.  The  parasites  arc  typically  intracellular  (Fig.  '2o)  ; 
occasionally  free  forms  are  found,  perhaps  as  the  result  of  the  dissolution 
of  the  host-cells,  but  parasites  so  liberated  are  ])i-obably  soon  taken 
up  again  by  other  cells.  According  to  Christophers  (IG,  IT)  the  cells 
which  harbour  the  parasites  are  of  two  classes,  leucocytes  and  cells  of 
endothelial  nature ; the  latter  become  greatly  modified  and  distended  by 
the  parasite,  and  give  rise  to  the  large  macrophages  of  the  spleen  and 
liver-cells  which  may  each  contain  as  many  as  1 50  to  200  of  the  parasites. 
Inclusion  in  the  cells  is  not  in  any  way  harmful  to  the  para.sitic  organ- 
isms, which  are  able  to  resist  the  action  of  the  enclosing  cell ; their 
vitality  is  clearly  shewn  by  the  fact  that  in  culture-media  the  parasites 
enclosed  in  cells  undergo  development  in  the  same  way  as  those  that  are 
free.  In  their  immunity  to  intracellular  digestion  the  Leishman-Donovau 
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bodies  coiitnist  sliarply,  according  to  Cliristophers,  with  true  piroplasmata 
when  captured  by  leucocytes. 

A disputed  ])oint  as  i-egards  the  occurrence  of  these  parasites  relates 
to  those  occurring  in  the  peripheral  circulation.  Donovan,  whom 
Laveran  and  Mesnil  (-fl,  42)  confirm,  described  and  figured  them  in 


c 

Firi.  — r.cishm.an-Uonov.in  boilies  in  cells.  A,  :i  m.ncro]ilin{XP  ; IJ  anil  C,  einlothelial  cells, 
containing  the  parasites  [p] ; »,  nnclens.  After  Christophers. 

unaltered  red  blood-corpuscles  in  the  general  circulation,  such  forms  being 
remarkalfle  for  their  small  size,  and  for  having,  like  a true  rirojtliuiwa,  a 
single  chromatin  mass.  In  the  spleen  Donovan  found  similar  forms  in 
unaltered  corpuscles  and  others  of  ordinary  size  with  two  chromatin  masses, 
in  altered  red  corpuscles.  Christophers  (1 7),  however,  finds  them  only  in 
leucocytes  in  the  pei'ipheral  blood,  and  doubts  the  specific  nature  of  the 


Fio.  2ii.— l.ei.shman-I)onovan  boilie.s.  A,  three  parasites  in  the  ordinary  condition,  each  .shewing  two 
chrninatin-inasses  ; in  one  of  them  (mure  to  the  ri^rht)  the  smaller  chronmtin-mass  shews  a tail  of 
chromatin  proceeiiiiift  from  it;  H,  C,  1),  binary  ll.ssion  ; E,  multiple  lission  into  three  jiarts. 
After  Christophers. 


bodies  in  the  rod  corpuscles,  whether  in  the  peripheral  circulation,  oi’  in 
the  s])leen  or  bone-marrow. 

The  I.eishman-Donovan  bodies  occurring  in  humtin  tissues  are  minute 
rounded,  ovoid, or  ])ear-sha])cd  liodies,  measuring  usuallyabout  2’o  /xto  S'o  // 
in  the  longe.st  diameter,  ;uid  Do  to  2 g,  across  the  .shorter  axis  of  the  body 
(I'hg.  2G,  A).  A distinct  cuticle,  which  can  be  burst  by  pressure,  Jim  its 
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the  surface  of  the  l)0(ly.  The  cytO])lasm  is  often  moie  or  less  vacuolated, 
and  contains  two  distinct  chromatin -masses  oi'  nuclei  situated  usually 
op[)Osite  to  each  other  on  the  shorter  axis  of  the  body,  and  ditlei'ing  in 
size  and  appearance.  The  larger  nucleus  is  compact,  more  or  less  spherical, 
and  stains  more  faintly;  the  smaller  one  is  generally  rod-shai)ed,  and 
stains  very  deeply.  Sometimes  a hiidge  of  protoplasm  joins  the  two 
nuclei  across  the  vacuolated  cytoplasm.  lu  some  cases  Chi'istophers 
observed  a “tail”  of  chromatic  substance  ])rocceding  from  the  smaller 
nucleus  at  right  angles  to  its  long  axis  ; a similar  structure  was  olrserved 
by  Janies  in  the  parasites  of  oriental  sore.  The  parasites  multipl}' 
by  one  of  two  methods.  The  most  common  method  is  sim]de  binary 
fission  (Fig.  26,  B-D)  ; in  an  individual  not  noticeably  above  the  average 
size,  the  two  nuclei  divide,  usually  the  larger  one  first,  and  then  the  body 
divides  along  the  jirincijtal  axi.s,  that  is  longitudinally.  A less  common 
method  is  multiple  fission  (Fig.  26,  E) ; the  parasite  groAvs  iu  size  and  its 
two  nuclei  multiply  to  form  three,  four,  or  more  of  each  kind,  after  which 
the  cytoplasm  becomes  segmented  round  couples  of  dissimilar  nuclei  to 
form  as  many  parasites  as  there  are  couples,  each  individual  so  produced 
being  less  than  the  ordinary  size. 

The  reason  for  including  the  Leishman-Donovan  bodies  among  the 
Flagellata  is  the  remarkable  fact,  first  discovered  by  Bogers  (70),  whose 
statements  were  confirmed  and  extended  b}'  Christojihers  (18)  and 
Leishman  (45),  that  when  cultivated  in  suitable  media  and  at  moderate 
temperatures,  the  parasites  undergo  changes  Avhich  result  in  their  becoming 
Hcrpetomonas-MVa  fiagellate  organisms.  The  period  required  for  this 
development  is  al)out  six  days  iti  ordinary  cultui’es.  Rogei'S  found,  how- 
ever, that  the  development  could  l)e  greatly  accelerated  by  slightly  acidu- 
lating the  culture-media,  a method  to  which  he  was  led  by  an  examination 
of  the  contents  of  the  sunnachs  of  various  insects. 

The  first  stage  of  the  development  of  the  parasite  in  cultures  is  a con- 
siderable enlargement  of  the  body  of  the  organism,  combined  with  changes 
in  the  larger  nucleus,  which  increases  greatly  in  size,  and  becomes  less  com- 
pact in  structui-e  (Fig.  27  ; 2,  3).  Xext,  the  parasites  multiply  ly  fission  at 
least  twice,  forming  groups  of  tAvo  or  four  ovoid  bodies.  After  this  there 
appears  in  the  neighbourhood  of  the  .smaller  rod-shaped  nucleus,  a vacuole 
containing  a substance  AAdiich  stains  pink  Iaa"  the  llomanoAA'skv  method  (Fig. 
27;  4,  5).  Thel  )ody  tiOAv  becomes  pear-shaped,  and  the  rod-shaped  nucleus, 
Avith  the  A-acuole,  ])laces  itself  near  one  pole  of  the  body,  usually  the  eml 
Avhich  is  narro\A-cr.  Tlie  vacuole  inci'cases  in  .size  until  it  reaches  tlie  surface 
of  the  body.  It  then  bursts  or  groAvs  out  from  the  body,  forming  a pro- 
truding fringe-like  stmeture  iu  Avhich  a definite  flagellum  makes  its 
apj)earatice,  Avhether  as  a condensation  of  the  fringe,  or  as  a distinct 
formation  in  it,  is  not  <piite  clear  (Fig.  27  ; 6,  7).  When  fully  formed 
the  flagellum  is  rclatiA’cly  of  considerable  lengtli,  and  takes  origin  near 
the  I'od-shapcd  nucleus,  Avhich  is  therefore  the  blepharo])last  (Fi^-.  27  ; 8). 
Ihe  larger  chromatic  mass  becomes  the  nucleus.  The  liody  of  the 
organism  noAv  becomes  eoiisiderably  elongated,  and  sharply  pointed  at  the 
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nntilliigellar  cud,  so  that  the  Hagelhif  extremity  is  always  the  hluiiter  end 
of  the  hody. 

In  many  of  tlie  fully  formed  llagellate  individuals  Leishman  found, 
in  addition  to  the  nucleus  and  hlejjharoplast,  small  grains  of  chromatin, 
generally  in  couples,  a larger  and  a smaller  together.  This  state 
of  things  is  perha[)s  antecedent  to  the  fact  observed  by  him,  that  by 
a process  of  markedly  unequal  longitudinal  fission,  minute,  slender, 
“ si)irillar  ” forms  are  s[)lit  off  from  the  large  llerpetoinonan-XWiQ,  individuals 
(Fig.  28).  Sometimes  more  than  one  such  spirillar  form  is  split  otV 
simultaneously.  At  first  the  spirillar  forms  have  no  flagellum,  but  one 
is  subsequently  developed,  and  they  then  shew  much  greater  mobility 
than  the  larger  forms.  No  conjugation  was  observed,  and  no  further 


Km.  07. — in  tlin  dovplojnnpnt  of  .n  fl.ispllnm  in  Mxhmnnin  (Jmwvani.  1,  onlinar.v  form  of  splepii 
para.sife  : 0,  3,  gnnvtti  of  tlie  para.sitp  during  cultivation,  with  v.acnolation  of  the  ])rotoi)la.<im  : 4, 
•t.  apjiparance  and  growth  of  the  Hagellar  vacuoln  cIo.se  to  the  hlepharoidast ; il,  rii))tnre  of  vacuole 
and  protrusion  of  the  young  llagellnin  in  the  form  of  a tuft  or  hunch  of  pink-staining  threads  ; 7, 
growth  of  the  Magellnm,  the  thickened  base  being  inserted  in  the  collapsed  Hagellar  vacviole : S, 
fully  developed  llagellated  fonn.  Figures  by  Leisiimaii. 

devclojmient  goes  on  in  the  cultures,  the  organisms  ultimately  degenerat- 
ing and  dt’ing  off. 

No  stages  in  the  natural  develnjiment  of  the  jiarasite  outside  the 
human  body  have  been  observed,  nor  is  it  known  by  what  agency  the 
parasite  is  disseminated.  The  parasites  of  oriental  sore  could  be  taken 
up  easily  l)y  the  common  house-fly,  oi’  any  other  insect  which,  like  it,  is 
attracted  by  o])en  wounds  or  .sores  and  di'aws  nourishment  from  them. 
'Phis  does  not,  however,  a|)ply  to  the  para.sites  of  k;da  azar,  for  which  it 
has  lieen  .suggested  that  some  blood-sucking  arthropod  acts  as  the 
intermediary,  and  Rogers  has  given  reasons  for  susjiccting  the  bed-bug 
to  be  the  agent  of  infection.  Tf,  however,  this  is  the  method  by  which 
kala  azar  is  S])read,  it  is  unlikely  that  the  invertcln-ate  host  aciptires  the 
infection  in  the  form  of  the  Leishman-Donovan  body,  since  in  this  form 
the  parasite  is  e.xcessively  scarce  in  the  peripheral  blood.  The  stages 
obsei'ved  in  cultures  suggest  the  possibility  that  some  minute  spirillar  or 
other  form  may  be  present  in  the  blood,  which,  like  the  micro-organism  of 
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yellow  fever,  has  hitherto  escaped  detection,  and  is  perhaps  ultra-micro- 
scopic in  size.  Further  light  is  needed  on  this  point. 

Many  contro\erted  opinions  have  been  held  as  to  the  systematic 
position  of  the  Leishman-Donovan  jjarasites.  Leishman,  who  first  dis- 
covered them  in  films  made  post-mortem,  considered  them  to  be  degener- 
ated remains  of  trypanosomes,  altered  in  shape  and  appearance  by  the 
death  of  the  host.  No  trypanosomes  have  ever  been  found,  however,  in 
the  blood  of  patients  infected  with  these  parasites,  and  the  manner  in 


which  they  multiply  and  develo])  shews  that  their  vitality  is  in  no  Avay 
impaired.  Laveran  and  Mesnil,  to  whom  Donovan  sent  ])re]tarations, 
identified  the  parasite  as  a rirojilasnia,  and  named  it  J\  ihmovnni 
(November  3,  1903).  As  stated  on  p.  51,  however,  the  occurrence  of  the 
parasite  in  red  blood  - corpuscles  is  controverted,  and,  apart  fi-om  the 
dotibtful  forms  figttred  by  Donovan,  the  parasite  differs  from  a Piro- 
phism  t,  in  iiossessing  constantly  two  chromatic  masses ; moreover, 
no  flagellate  stages  are  known  as  yet  in  any  true  Pirojilasma.  Doss 
considered  it  a distinct  form  of  protozoan  parasite,  and  named  it 
Leishnumia  donovani  (November  14,  1903).  Wright  (89),  while  notiiur 
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certain  resemblances  to  jMicrosjwridia,  proposed  the  name  llehosoma 
fw/iicuia  (neccmbcr  190.'l)for  the  parasite  of  l)ellii  sore.  Kogers  con- 
sidered at  first  that  his  discoveries  confirmed  Leishman’s  view  that  it 
was  a trypanosome,  but  since  tlie  flagellate  ])hase  never  shews  any  tiace 
of  an  undnlating  membrane,  he  has  proposed  (71)  to  place  the  oi'ganism 
in  the  genus  JJerpetonionas.  Leishman  (4o)  has  well  ])ointed  out,  however, 
that  forms  known  from  cnltures  cannot  be  taken  as  decisive  of  its  true 
affinities,  since  many  cultural  forms  of  tiT))anosomes,  e.g.  T.  Irwisi,  lack 
all  trace  of  an  undulating  membrane.  Until,  thei'efore,  the  natuial 
flagellate  stages,  which  are  ])robably  to  be^  sought  in  some  insect,  have 
been  found,  and  until  also  more  facts  are  known  concerijing  the  exogenous 
or  invertebrate  cycle  of  J’irojihtswa,  it  is  better  to  postpone  jmlgment 
upon  the  ])osition  of  this  parasite,  and  to  employ  the  generic  name 
Lri.'ih mania,  leaving  it  for  the  future  to  decide  whether  L/’ishrmmia  wilt 
rank  as  a synonym  or  as  a valid  name.  If  the  jiarasites  of  kala  azai-  and 
oriental  sore  arc  generically  identical  but  specifically  distinct,  as  seems 
very  likely,  then  the  genus  Leighmania  will  include  two  species : ].. 
ilmmrani  (Lav.  et  Mesn.)  and  L.  tropica  (Wright). 

8.  The  sub-order  Pohimastigina  includes  forms  with  more  than  two 
flagella,  and  with  a special  mouth  aperture  for  ingestion  of  food.  IMany 
examples  of  this  sub-order  are  found  parasitic  on  man  or  other  animals. 
None  of  them,  however,  are  pathogenetic  to  man,  and  in  consequoice  their 
life-histories  have  been  very  little  studied,  and  the  methods  by  which 
they  obtain  access  to  the  human  body  are  not  known.  The.  parasitic  forms 
may  be  cla.ssified  conveniently,  following  Doflein,  into  («)  Teframitida', 
with  three  or  four  flagella,  all  arising  together ; (/;)  Polgmastigida’,  with 
fi’om  four  to  six  anterior  flagella,  and  usually  also  two  posterior  flagella  ; 
and  (c)  TricJiongmphida’,  with  very  numerous  flagella  ari'anged  in  tufts. 

In  the  family  Tetramitidfr  the  two  most  familiar  genei'a  ai'e  Tricho- 
masfi.1'  Blochmann  and  Trichomonas  Donne.  Tricltomastix  lias  three 
anterior  flagella,  and  a large,  backwardly  directed  trailing  flagellnm 
(•‘ Schleppgeissel  ”) ; a species  occurs  in  the  gut  of  the  lizai-d,  T.  lacertm 
Blochmann.  In  Trichomonas  the  posterior  flagellnm  of  the  preceding 
genus  is  represented  by  an  undulating  membrane ; Dmiliar  human  para- 
sites of  this  genus  are  T.  vaginalis  Domvti  (Fig.  30),  occui'ilng  commoidy  in 
the  vagina,  sometimes  also  in  the  male  urethra,  and  T.  hominis  (Davaine) 
(Fig.  29),  from  the  intestine,  and  found  also  in  the  buccal  cavity  (ITowazek). 

The  family  Polgmastigida’  includes,  amojigst  other  parasitic  genera,  the 
genus  Lamhlia,  Blanchard,  with  the  single  s])ecies  L.  infestinalis  {Cercomonas 
intesfinalis  Lambl,  Megastoma  enterirum  (frassi).  Lamhlia  intcstmalis  (Fig. 
31)  is  an  intestinal  parasite  of  man  and  various  animals,  occurring 
normally  in  the  duodenum  and  jejunum.  It  has  a .somewhat  flattened 
body,  pear-shaped  in  outline  and  symmetrical,  with  a large,  sucker-like 
depres.sion  on  the  ventral  surface,  by  means  of  Avhich  it  can  adhere  to 
epithelial  cells.  It  has  four  pairs  of  flagella,  all  directed  backwards,  one 
pair  arising  from  the  anterior  border  of  the  sucker,  two  pairs  from  the 
posterioi'  border  of  the  suckei-,  and  one  pair  fi'om  the  narrowed  posteiior 
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end  of  tlie  body.  It  appears  to  l>e  a parasite  perfectly  harmless  to  its 
host  in  all  cases. 


Kio.  — TrirlwmiDins  liominis  (I)avaiiii‘) 

I'roni  tin-  Iiiimaii  moiitli.  Tln>  tinea 
.anterior  llaftellii  ari.se  Uy  a comnum 
stem  wliicli  takes  origin  from  tlie 
]iear  - slia])eil  nuelens,  ami  tlm  nn- 
(Inlatiiif;  membram"  runs  backwanls 
from  tlm  point  of  in.sertion  of  the. 
llaKella.  Tlie  body,  iirolonp'ed  jios- 
teriorly  into  a tail-like  proee.ss.  eon- 
tains  numerous  food-vaeuoles  en- 
closing inge.sted  micrococci.  After 
I’rowazek. 


I'Tg.  30. — Tr!chninnna/t  I'ttgi- 
naHs  Donne.  After 
B 1 oc  li  m a n n,  fro  m 
Dotleiii. 


The  family  TrichonyvipJimr  includes  curious  forms  from  the  digestive 
tracts  of  Orthoptera  and  TeriuUukv.  Lopho)no)uv^  hlatfara»i  Stein  is  a 


Fin.  ^l.—I,itmhlUi  iuMinnJh.  A,  from  tlie  ventral  side  ; B,  from  the  left  side  ; C.  attaclied  to  epithelial 
cells;  1),  a cell  from  C with  parasite  attached,  more  hiphly  magnified.  After  Crassi  and  Schewi- 
akolf,  from  Dotlein. 


species  e;isily  found  in  the  gut  of  the  common  cockroach.  The  genus 
Trh'Ji.oui/mphd.  is  sometimes  referred  to  the  Ciliata. 


Class  III.  Sporozoa. — Endoparasitic  Protozoa,  -without  organs  of 
locomotion,  or  for  the  c;ipture  or  digestion  of  food,  in  the  adult  condi- 
tion ; reproduction  always  by  some  method  of  sporuhition. 


PROTOZOA 


57 


The  Sporozoa  are  a ditticult  group  to  detiiie,  since  the  distinctive 
characters  arc  principally  of  a negative  order,  the  i-esnlt  of  the  i)eeidiar 
mode  of  life.  Even  the  characteristic  from  which  the  name  of  the  gionp 
is  dei'ived,  namely,  rcprodiicLion  and  di.ssemination  by  means  of  re.sistaiit 
spoi'es,  is  shared  by  Protozoa  belonging  to  other  grou[)s,  and  is  not  of 
constant  occurrence  in  the  sporozoa  themselves.  The  most  distinctive 
feature  of  the  rc})i’odnction  of  the  .sporozoa  is  perha])s  not  so  much  the 
general  occurrence  of  spornlation  as  that  the  simpler  method  of  binary 
ti.ssion  is  practically  in  abeyance  thronghont  the  group,  or  at  least  is 
seldom  found.  Hence  even  the  rejuaxlnction  shews  negative  rather  than 
positive  chai'acteristics.  It  is  highly  probable  that  the  sporozoa  are  not 
a homogeneous  grou]),  but  are  rather  to  be  considered  as  an  as.scmblage 
of  forms  characterised  by  a common  parasitic  habit,  and  derived  probabl}’ 
from  at  least  two  distinct  ancestral  sources.  While  one  subclass,  the 
'I’elosporidia,  is  probably  descended  from  flagellate  ancestor, s,  the 
Xeosporidia,  on  the  other  hand,  shew  unmistakable  affinities  with  the 
Sarcodina. 

As  a general  rule  among  the  sporozoa,  a given  species  is  resti'icted  to 
a definite  species  of  host,  or  at  least  to  a few  closely  allied  species.  The 
jrirasites  occupy  every  possible  .situation  in  the  Ijodies  of  their  hosts. 
The  mode  of  occurrence  is  not  necessarily  constant  all  through  the  life- 
history,  but  a given  species  may  pass  normally  through  diiferent  phases, 
as  regards  habitat.  It  is  conveiiient,  however,  to  distingni.sh  three 
difl'ei'ent  modes  of  parasitic  habit,  each  compi'ising  minor  categoiles. 
First  in  im[)ortance  comes  the  cytuzoic  habit,  in  which  the  parasites 
are  found  within,  or  attached  to,  cells.  This  halnt  is  often  found  as 
an  antecedent  condition  to  other  modes  of  pai’a.sitism,  and  is  perhaps  to 
be  regarded  as  the  most  primitive  type  of  parasitism  in  the  whole  grouji. 
The  second  or  ccelozoir  halnt  comprises  those  foi'ms  which  are  found  in 
the  internal  cavities  of  the  bod}%  such  as  the  lumen  of  the  digestive  tract 
and  its  appendages,  the  body-cavity,  the  haemocade,  or  the  cavities  of  the 
nrinaiy  and  reproductive  oi-gans.  Those  found  in  the  gut  itself  may  be 
termed  eutrrozok,  as  a special  snbdi\ision  of  the  cadozoic  category. 
Cadozoic  forms  may  be  either  free  in  the  space  they  iidiabit  or  atfw'hed  in 
some  wa}'  to  its  walls.  The  third  categoiy  of  jxirasitic  habit  is  the 
hktozoir,  comprising  those  forms  which  penetrate  into,  and  are  parasitic 
upon,  the  ti.ssnes  of  their  hosts,  where  they  arc  found  usually  lodged 
between  the  cells  when  full  grown,  but  in  most,  perhaps  in  all  case.s,  the 
youngest  foi'ins  are  intracellular  in  habitat,  and  may  in  some  cases  remain 
so.  A special  and  important  category  of  parasites  is  seen  in  the  lurmufazoir. 
foi’ms  parasitic  in  the  blood  of  vei’tebrates,  which  arc  in  all  cases  primarily 
intracorpuscular  in  habitat,  and  only  secondarily  and  temporarily  free  in 
the  blood  fluid.  The  sporozoa  haematozoic  in  vertebi’ata  are  therefore  to 
be  regarded  as  a special  category  of  the  cytozoic  type.  On  the  other  hand, 
the  sporozoa  found  in  the  haemocade  of  invertebrates  are  to  be  regarded 
as  ty])ically  cadozoic  forms. 

Idle  body  of  a sporozodn  may  be  cither  naked,  and  then  usually 
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airiftiboid,  or  limited  by  a distinct  cuticle  and  of  definite  form.  Amoeboid 
form.s  are  seen  in  some  of  the  Hiemosporidia  and  in  the  i\lyxosi)oridia 
and  Microsporidia.  The  amoeboid  habit  of  the  body  is  not  connected, 
however,  with  locomotion,  but,  if  it  has  any  physiological  signihcance, 
perhaps  favours  absorption  of  nutriment  at  the  body-STirface,  oi-  may  in 
other  cases  seiu'e  for  temporary  attachment  of  the  parasite  to  internal 
surfaces  of  the  host.  When  the  body  is  of  definite  form,  it  is  primarily 
spherical,  as  is  well  seen  in  the  cytozoic  coccidia,  which  frequently  have  a 
very  stinking  resemblance  to  an  ovum.  Most  usuall}',  however,  and  especi- 
ally in  ccelozoic  forms,  the  body  becomes  drawn  out  and  lengthened  along 
a jirincipal  axis,  and  shews  every  possilde  variation  of  form  from  a more 
or  less  elongated  ovoid  to  a slender  worm-like  form.  Such  a type  is 
especially  common  amongst  the  gregarincs,  but  appears  also  in  other 
orders  as  more  or  less  transient  phases,  which  are  frequently  termed 
vermicules  or  are  described  as  (irecjariiioid.  In  spite  of  possessing  no 
visible  organs  of  locomotion,  both  gregai’ines  and  the  gregarine-like  phases 
are  often  very  active,  and  exhibit  not  only  movements  of  contraction  and 
flexion  of  the  body,  but  also  have  the  power  of  gliding  rapidly  forwards 
in  the  direction  of  the  principal  axis.  AVhile  the  first-mentioned  class 
of  movements  can  be  exiilained  without  difiiciilty  1)}’  the  contractility  of 
the  su])erficial  myonemes  presently  to  be  described,  it  cannot  be  said  that 
an  incontrovertible  explanation  of  the  peculiar  gliding  movements  has 
3^et  been  given.  Two  hypotheses  have  been  put  forward  as  to  the  cause 
of  the  gliding  movement:  first,  that  it  is  effected  by  the  .secretion  ;md 
extrusion  of  a thread  of  gelatinous  substance,  which  pushes  the  animal 
forward  as  it  is  formed  (Schewiakoff) ; secondly,  that  the  forward  move- 
ment is  due  to  successive  wave-like  contractions  of  the  supei'ficial 
conti'actile  body-layer  (Crawley). 

'I’he  cytoplasm  of  a sporozoon  is  commonly  differentiated  into  a su])ci- 
Hcial  e«toplasm,  hyaline  in  appearance  and  fi'ee  from  coarse  gi'anules,  and 
an  internal,  usually  coai’sely  granular,  endoplasm.  The  ectoplasm  may 
be  further  diilerentiated  into  an  external  protective  layer  termed  a, 
cuticle,  periplast,  or  epin/lc,  and  a more  internal  contractile  layer  or 
mijocijfe  containing  contractile  fibrils  or  myonemes.  In  motionle.ss  forms, 
however,  such  as  the  coccidia  and  many  gregariues,  a myocyte-layer  is 
not  differentiated.  The  endoplasm  is  the  seat  of  nutritive  activity,  and 
contains,  besides  various  metaplastic  products,  the  nucleus  or  nuclei. 

In  any  sporozoiin  it  is  convenient  to  distinguish  sharply  between  the 
nutritive  and  repi'oductive  activities  of  the  parasite,  even  when  the  two 
l»hases  are  not  entirely  distinct  from  one  another  during  the  life-histoiy. 
A parasite  during  the  nutritive  or  trophic  ])hase,  when  it  is  ab.sorbing 
nuti’iment  from  the  host  and  growing  at  the  expense  of  the  latter,  may 
be  termed  a trophowife.  As  a result  of  the  ])ain.sitic  mode  of  nutrition, 
the  trophozoites  shew  no  organs  for  the  digestion  of  food,  such  as  food- 
vacuoles,  and  in  a single  instance  only  has  a contractile  vacuole  l)eeii 
described  in  the  entire  cla.ss. 

\\  hen  a trojdiozoite  has  grown  to  a certain  size,  the  process  of  reju'o- 
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iluction  begins.  The  sporozoa  may  be  divided  into  two  subclasses,  by 
the  relation  of  the  trophic  and  reproductive  phases  (Schaudinn).  In  the 
first  subclass,  the  telosporidia,  the  two  phases  are  entirely  distinct,  and  the 
parasite  first  feeds  and  grows  to  its  full  size  before  reproductive  activity 
commences.  Hence  in  this  subclass  the  trophozoite  always  has  a single 
nucleus  until,  having  attained  its  limit  of  size,  it  ceases  to  be  a ])arasite, 
properly  speaking,  and  commences  to  rei)roduce  itself.  In  the  subclass 
neosporidia,  on  the  other  hand,  the  tro[)hozoite  usually  commences  its 
reproductive  activity  at  a very  early  period  of  its  growth,  and  from  that 
time  onwards  growth  and  reproduction  go  on  simultaneously.  Hence  in 
the  neosporidia  the  trophozoite  is  uninucleate  only  in  its  earliest  stage, 
and  very  soon  becomes,  and  remains,  multinucleatc. 

The  reproduction,  as  has  been  said,  takes  almost  invariably  the  form 
of  s])orulation,  in  which  process  also  the  two  subclasses  shew  characteristic 
ditterences.  In  all  cases  alike  the  sporulation  commences  with  the 
separation  from  the  parent  body  of  small  uinnucleate  masses  of  i)rotoplasm 
which  may  be  termed  generally  spore-mother-cells.  In  the  telo.sporidia, 
after  rapid  and  repeated  multiplication  of  the  nucleu.s,  the  body  breaks 
up  into  a number  of  sporc-mother-cells,  formed  simultaneotisly  by  con- 
striction off  from  the  surface  of  the  body  of  small  masses  of  protoplasm 
I'ound  each  of  the  nuclei,  which  have  pi'eviously  ti-a\ellcd  to  the 
periphery.  The  central  portion  of  the  body  is  left  over  as  residual 
j)rotoplasm  which  disintegrates  and  takes  no  further  share  in  the  develop- 
ment. In  the  neosporidia,  howevei',  in  which  multiplication  of  the  nucleus 
commences  early  and  ])roceeds  continuously,  the  spore-mother-cclls  arc 
formed  in  the  interior  of  the  body  by  concentration  of  the  protoplasm 
round  one  of  the  nuclei,  and  spore-formation  goes  on  continuously  in  this 
manner.  Hence  a typical  neosporidian  consists  of  a centi-al  mass  of 
spores  enveloped  in  a peripheral  layer  of  growing  protoplasm,  while  in  a 
typical  telosporidian,  in  ■which  reproduction  is  complete,  a number  of 
peripherally  situated  spores  are  found  surrounding  a centrally  placed 
mass  of  residual,  di.sintegrating  protojdasm.  From  the  differences  in 
their  methods  of  sporulation,  the  two  divisions  here  classified  as  tclo- 
sporidia  and  Tieosporidia  were  named  by  jMetchnikoff  “ Sporozoaires 
E.\ospor(^es  ” and  “ Endosporees  ” i’es])ectively 

From  the  spore-mother-cells  mentioned  in  the  preceding  paragi-aph 
arise  the  spores,  but  in  different  ways  in  different  cases.  In  the  telo- 
sporidia not  more  than  one  spore  arises  from  a spoie-mother-cell,  which 
may,  therefore,  be  termed  simply  a Hporohla^t,  using  this  term  to  denote  in 
all  cases  the  ma.ss  of  protopla.sm  fi-om  which  a single  spore  develops.  In 
the  neospoi'idia,  however,  at  least  two  spores,  often  more,  arc  formed 
commonly  from  a single  spore-niothcr-cell,  which  is  then  distinguished  as 
i\  jvuisporohlaHt,  each  pansporoblast  giving  rise  to  a definite  number  of  true 
sporoblasts,  from  each  of  which  a single  spore  is  formed.  I'he  sporoblast, 
however  formed,  may,  in  the  first  jfiace,  simply  become  a spore  without 
further  change  except  perhaj)S  one  of  form,  remaining  naked  at  the  surface 
Avithout  any  ])rotectivc  envelope.  Such  a sjmrc  may  be  termed  generally 
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a (jijiimoapure,  though  it  may  have  other  special  names  in  special  cases. 
In  the  second  place,  the  sporohlast  may  produce  at  the  surface  of  its 
l)rotoplasm  a protective  coat  of  tough  resistant  material,  aud  therel)v 
Iiecome  a body  which,  iu  a strict  terminology,  should  be  distinguished  as 
a chlaiiiiidospare  (Dauerspore,  resistant  spore),  but  which,  by  long  usage,  is 
universally  termed  a spore  simply,  such  spores  being  especially  character- 
istic of  the  sporozoa.  By  .Johannes  Midler  such  spores  were  termed 
“ psorosperms,”  a name  used  Ijy  subsequent  writers  in  various  senses,  but 
generally  to  denote  all  jjhases  or  orders  of  sporozoa,  and  hence  diseases 
caused  by  sporozoa  are  often  termed  collectively  psorospcrmoses. 

The  process  of  multiplication  may  end  with  the  formation  of  the 
spore,  but  does  not  necessarily  do  so.  In  the  telo.sporidia,  the  spore- 
protoplasm,  wdiethei'  naked  or  protected,  may  l)e  further  divided  up  to 
form  sickle-shaped  germs  termed  sporozoites'^  (falciform  bodies,  Sichelkeime), 
or  without  division  may  Imcome  a single  such  germ.  Each  sporozoite  is 
a minute  and  active  vermicule,  which  represents  at  the  same  time  the 
consummation  of  the  reproductive  phase,  aud  the  commencemeut  of  a new 
ti’ophic  phase,  iu  the  telosporidia.  Hence  in  this  group  the  sporozoites 
correspond  to  swarm-spores  and  take  the  ]dace,  as  it  were,  of  the 
amcebuliB  and  flagelluhe  of  other  groups  of  Protozoa.  Iu  neosporidia  the 
spore-protoplasm  does  not,  as  a rule,  produce  sporozoites,  Jjut  it  is  set 
free  iu  most  cases,  apparently,  as  a minute  amoclnda.  Finally,  it  should 
be  stated  that  the  sporuLition  iu  telosporidia  may  or  may  not  take  place 
within  a cyst,  and  may  or  may  not  1)C  preceded  by  conjugation.  In 
neosporidia  conjugation  has  not  J)cen  observed  with  certaint}’.  In  the 
gametes  of  telosporidia  we  find  every  condition  from  complete  isogamy  to 
highly  ditferentiated  auisogarny. 

From  the  j)recoding  paivigraph  it  will  be  seen  that  the  .spore-formation 
is  highly  specialised  and  divei’sified  in  charactei-.  This  phase  of  repro- 
duction is  best  considered  in  connexion  with  the  mode  of  dissemination 
of  these  parasites,  to  which  the  variations  oltsei'ved  in  spore-foi'ination  are 
simply  so  many  adaptations.  Speaking  generally,  the  sporulation  may 
have  one  of  two  results,  either  to  increase  the  numl)ers  of  the  parasite 
within  the  host,  or  to  Jiring  about  the  infection  of  fresh  hosts.  Eepro- 
duction  directed  towai'ds  the  first  of  the  ends  is  termed  endoffonnis, 
towards  the  second  e.ror/euous.  It  may  J)e  suitposed  that  ))n'mitively  the 
two  methods  of  reproduction  would  have  been  similar  in  character,  if 
different  in  results,  as  is  still  the  case  iu  many  foians  ; Imt  increasing 
complexity  iu  the  life-cycle  and  in  the  structural  adaptatioti  of  its  difierent 
phases  l)rings  about  a generally  ])revailiug  dissimilarity  between  the 
endogenous  and  the  exogenous  cycles,  the  former  being  known  as 
schizoffoii/i,  the  latter  as  spororfovy.  In  telospoia'dia  the  former  is  alwavs 
non -sexual,  while  the  latter,  iu  all  cases  accurately  studied,  is  always 
connected  with  conjugation  in  some  fonn. 

* .Many  Eiifrlish  anfhor.s  spell  this  word  sporozoii,  apparently  in  imitation  of  the  German 
spelling.  It  may  be  pointed  out  that  the  word  was  coined  by  a French  writer  and  spelt  as 
iu  this  article.  ■ t ‘ - 


PROTOZOA 


6 1 


In  eunsidei'ing  tlie  inodes  bj'  whicdi  fresh  liosts  are  infected,  it  is 
well  to  separate  first  the  special  case  of  the  order  hajinosporidiii,  M’hich, 
as  blood-parasites  of  vertebrates,  are  disseminated,  like  the  Inematozoic 
flagellates,  by  the  interinediarv  of  an  invertebi’ate  host,  a blood-sncking 
arthropod  or  leech.  Here  the  endogenons,  non-sexual  schizogony  is 
found  in  the  vertelirate  host;  the  exogenous,  sexual  sjiorogonv  in  the 
invertebrate  host  alone.  In  the  inoculative  method  of  infection  charac- 
teristic of  the  hannosporidia  no  resistant  spores,  but  only  gj  innos])ores 
are  found  at  any  stage  in  the  life-cycle,  since  the  parasite  is  never  outside 
the  sheltering  body  of  the  one  or  the  other  of  its  two  hosts.  In  all  other 
sporozoa,  so  far  as  is  known,  the  method  of  infection  is  a casual  or 
accidental  one.  Spores  cast  out  from  the  body  of  the  host  are 
accidenttdly  swallowed  by  a new  host,  in  which  they  germinate.  dims 
the  ]>arasitic  cycle  starts  from  the  digestive  tract  in  all  cases.  In  the 
casual  method  the  para.sitic  germs  must  l)e  exposed  for  a time  to  the 
vicissitudes  of  the  outer  world,  and  it  is  as  a protection  during  this 
])eriod  tliat  the  characteristic  spore-envelopes  and  cysts  arc  develoi)ed,  all 
to  be  di.ssolved  up  or  cast  aside  when  taken  into  the  new  host.  Hence 
in  s])orozoa  generally,  the  exogenous  cycle  is  characterised  by  the  forma- 
tion of  protective  envelopes  which  in  the  endogenous  cycle  are  rpute 
absent,  being  (juite  unnecessaiy.  Kesistant  cysts  and  spores  characterise 
exogcny  ; gymnospores,  without  cysts,  chai'acterise  cndogeny.  The 
further  multiplication  of  the  parasitic  germs  within  the  spores  is  merely 
an  instance  of  the  prolific  fertility  which  so  frequently  characteiises 
parasitic  life-cycles. 

In  many  instances  among  sporozoa  ordinary  or  casual  infection  is 
supplemented  by  hereditary  or  germinative  infection,  in  which  the  para- 
sites pass  from  one  animal  to  its  de.scendants  through  the  reproductive 
organs.  In  the  case  best  known,  that  of  Ghujea  bomhi/cis  of  the  silkworm 
disease,  resistant  spoi’es  are  formed  in  the  ovum  and  germinate  in  the 
next  generation.  Instances  of  hereditary  infection  are  of  most  frequent 
occurrence  iti  Inematozoic  forms  which  are  transmitted  1)V  an  intermediate 
invertebrate  host,  and  for  such  cases  it  may  become  the  rule  that  the 
parasite  pa.sses  through  two  generations  of  the  invei'tebrate.  For  an 
enumeration  of  these  cases  see  Mesnil  [51]. 

Subclass  I of  the  Sporozoa. — Telosporidia. — Trophic  and  rc])roductive 
phases  distinct,  alternating  with  each  other;  tio])hozoites  uninucleate; 
sporulatiou  of  superficial  type  (hence  Exosporees  Metchnikoll  ) ; swann- 
spore  a s])orozoite  or  falciform  young. 

Three  orders  arc  included  in  this  division  — the  Gregarinoidea, 
Coccidiidea,  and  Haemosporidia. 

1.  Grefiarinoidea. — Tlie  gregarines  are  telosporidia  characterised  by 
a crelozoic  habitat,  as  well  as  by  certain  peculiarities  in  the  repr-oduction 
(sporogony)  presently  to  be  described. 

The  gregarines  include  the  largest  and  most  differentiated  of  the 
sporozoa.  As  parasites  they  are  not  known  to  occur  in  any  tnic 
A^ertebrate,  although  they  occur  not  uncommonly  in  Frochordata 
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(Asckliaiis  uiul  Amphioxus).  They  are  ])re  - eminently  parasites  of 
arthropods,  hut  occur  commonly  also  in  worms  and  m echinoderms  In 
molluscs  they  are  veiy  i-are.  in  all  cases  they  appear  to  be  very  harm- 
less parasites.  . . 

The  uregarines  are  primarily  parasites  of  the  digestive  ti-act,  in 
which,  iii^the  earliest  stages,  the  trophozoite  is  cytozoic,  being  attached 
to,  or  contained  in,  an  epithelial  cell  of  the  gut  (Fig.  32).  When  the 
host- cell  is  used  up,  the  young  trophozoite  becomes  ccelozoic  in  habit. 
Either  it  drops  back  into  the  lumen  of  the  digestive  tract,  which 
always  occurs  when  the  penetratioti  of  the  host-cell  is  oidy  partial 
in  tile  first  instance;  or  it  passes  right  through  the  wall  of  the  gnit 
and  conies  to  lie  either  in  the  vascular  system  or  in  the  body-cavity. 


b 


I'Uf.  32.  — liitracfilliilai'  stages  of  ,a  Kreganiie,  l.aitkeMeria  axciiiiif  in  tlie  intestinal  ei)itlielinni  of  an 
asciilian  ; c,  younger  shigcs  ; h,  older  stage  .shewing  the  liypertrojihy  of  the  eiiithelial  cell  iinlnced 
by  the  |)arasite : I’ji,  normal  epitludial  cell ; c//,  hypertrophied  epithelial  cell  containing  ((!)  a young 
gregarine:  ii,  ii',  nuclei  of  normal  and  inl'octetl  cells  resjiectiveiy.  From  Mluchin,  after  Siecilechi, 
X 7.aU. 


(fregarines  in  the  latter  position  are  commonly  spoken  of  as  “cadomic,” 
without  distinguishing  between  cases  where  the  body-cavity  is  morpho- 
logically a true  ccelom,  as  in  annelids,  or  a jiortion  of  the  lueniocade,  as 
in  arthropods.  When  special  portions  of  the  ccelom  are  separated  for 
a particular  function,  as  in  the  case  of  the  vesiciihe  seminales  of  the 
earthworm,  the  ccelozoic  stages  may  be  foiincl  in  these  organs. 

Ill  the  particular  cavity,  whichever  it  may  be,  that  the  trophozoite 
selects,  it  absorbs  imti'iment  and  gradually  becomes  full-grown  and  rijie 
for  sporiilation.  (Iregarines  of  enterozoic  habitat  may  lie  (iiiite  free  in 
the  lumen  of  the  intestine,  or  may  lie  attached  to  its  epithelium  bv 
special  organs  of  fixation  (Figs.  33,  34).  Those  of  cadomic  habitat  may 
be  free  in  the  body-cavity  or  its  dependencies,  or  may  be  attached  to 
its  walls  by  tissue-growths  forming  cysts,  never,  however,  by  organs  of 
fi.xation. 
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'I'lie  body-form  of  gregarines  is  always  definite,  never  aimeboid,  and 
varies  from  a sphere  or  ovoid  to  an  elongated  worm-like  shape.  In  tho.se 
which  attach  themselves  to  the  epithelium  the  fixation  is  efrccted  by 
means  of  an  organ  termed  an  epimerile,  derived  from  the  rostrum  of  the 
sporozoite  (Fig.  .34).  The  ejhmerite  is  always  cast  off  Itefore  sjjorulation, 
often  at  quite  an  early  stage  in  the  growth  of  the  trophozoite.  Hence 


i’u^.  33. — Youngfa’PK!irine(/.(niAe.'- 
tcria  asi'iilhr),  iittadicil  by  a 
process  to  i ll  efiithelial  cfll 
(rp')i  pxliaii.steii  by  it.  ep, 
normal  epitlmlial  cells.  From 
.Minohin,  after  Siedlecki, 
X 50tj. 


Fig.  34.  — A gregariiu! 
( Py.ri n ia mbenda  Hamm.) 
attaclied  by  its  epimerite 
to  ii  detaclmtl  epilbelial 
cell.  After  Li'ger. 


gregarines  are  often  distinguished  as  cephalonts,  with  an  epimerite,  from 
s[)oronts,  which  are  without  it ; but  in  many  gregarine.s,  especially  those  of 
early  intracellular  and  later  codomic  habitat,  no  eihmerite  is  formed  at 
any  st:ige.  By  the  presence  or  absence  of  this  organ  gregarines  are  classified 
into  Cephalina  and  Acephalina.  In  many  Cephalina  the  liody  behind 
the  epimerite  is  further  subdivided  by  a septum  into  tin  anterior  portion 
termed  ;i  protomcrite  tind  a jiosterior  portion  termed  a (h.ntomerite.  The 
biological  significance  of  the  septate  condition  is  not  clear. 

The  body  is  composed  usually  of  granular  endoplasm  and  hyaline 
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octopliism.  The  latter  in  its  fullest  development  forms  three  layers,  most 
externally  a protective  rydr/A  internally  to  this  the  mrcoqitc,  and  most 
internall}'  a layer  of  contractile  myonemes,  termed  the  mijoqite.  Crregar- 
ines  of  codorn'ic  habitat,  however,  are  more  often  motioidess  and  have 
no  myonemes.  'i'he  ectoplasm  then  is  a scarcely  distinguishable  c earer 
laver  under  the  cuticle.  The  endoi)la.sm  contains  the  nucleus,  always 
single,  of  large  size  and  spherical  form,  and  containing  one  or  more 

large  karyosomes.  _ ... 

The  reproduction  of  gregarines  consists  in  the  ■vast  majority^ of  cases 
of  sporogony  alone,  which  has  typically  the  following  course  (h  ig.  35).  Two 
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Flu.  35. — J^cluTiiatic  figures  of  conju^'ation  and  siiore-fornintion  in  gro-rariiiPs.  o,  the  two  s])oronts  in  a 
common  cyst ; b,  various  stages  of  nuclear  <livision  in  the  sporonts  ; r,  comiinundn;:  formation  of 
gametes  by  a jirocess  of  sjjorulation  ; d,  union  of  ;r.'imet»*s  in  imirs  to  form  zygotes  ; a dilVerent 
sta^e  of  the  ])rocess  is  seen  in  each  quadrant  of  the  lij^ure  ; c,  stagibs  in  the  division  of  tlie  nuclei  of 
the  zy^'otes  or  definitive  sporohlasts : f,  cyst  with  ripe  spores  (two  .seen  in  cross  section),  each 
containing  (dght  sjiorozoites.  1‘Yom  Minchin. 


full-grown  sporonts,  perfectly  similar  one  to  the  other  in  character,  come 
together  and  become  very  intimately  apposed,  the  adjacent  surfaces 
being  flattened  by  mutual  contact,  and  the  two  bodies  being  sometimes 
closely  entwined.  Hound  the  two  individuals  thus  associated  a cyst-wall 
is  secreted  (Fig.  35,  a),  after  which  they  are  Cjuite  independent  of  the  host, 
and  the  subsofpient  development  may  go  on  in  the  open.  In  each  indi- 
vidual a nuclear  s|)indle  is  formed,  but  oidy  from  a very  small  part  of 
the  large  nucleus  of  the  tro))hozoite.  The  remainder  of  the  original 
nucleus  degenci-ates.  The  spindle  gives  rise  to  two  daughter-nuclei,  which 
divide  again  and  again  1)}'^  mitosis,  fonning  a very  large  number  of  small 
nuclei.  These  travel  to  the  surface  of  the  sporonts  (Fig.  35,  r),  and  each 
becomes  budded  off  from  the  surface  with  a small  amount  of  protoplasm 


PROTOZOA 


65 


as  a uninucleate  cell,  the  })rimary  sporoblast.  The  greater  part  of  the 
protoplasm  of  each  sporont  is  left  over  as  a central  mass  of  i-esidnal  })roto- 
plasm,  CMUitaining  the  lemains  of  the  trophozoite-nucleus.  The  primary 
» sporohlasts  become  the  gametes. 

I The  gametes  may  be  exactly  alike,  oi'  may  be  ditlerentiatccl  into  male 

^ and  female,  vhich  may  further  be  ecjual  in  bulk,  or  as  in  other  gamete.s,  the 
diflerence  in  size  between  male  and  female  may  be  very  marked  (Fig.  3G). 
' In  either  case  the  male  forms  acquire  a flagellum  and  a more  elongated  form 
of  body  and  become  motile,  while  the  females  arc  simply  rounded  cells 


i Kill.  30. — Dfwloiimeiit  of  tlip  "aiiu'tes  and  fprtilisatioii  in  a (.^tijlni-lujnchun  IcingicolUs  Htem). 

* II,  iindiflerentiaffd  gamete  still  attaclieil  to  tlie  bo<ly  of  tlio  jiarent  ganietoeyte  ; b,  c,  il,  evolution 

of  the  motile  uiale  gamete  ; e.  mature  female  gamete  : /,  union  of  the  gametes  ; g,  nearly  conijOete 
fusion  of  the  gametes;  li,  the  zygote,  in  i commencing  to  form  the  spore.  Krom  IMinchin,  after 
^ l.eger,  P.iOO. 

) without  locomotor  organs.  When  the  gametes  are  thus  difl'ei'cutiated, 
' the  sporonts  from  which  they  arise  occupy  distinct  chambers  separated 
by  a partition  in  the  cyst.  Then  in  one  chamber  male  gametes  only,  in 
the  other  female  only  are  formed,  shewing  that  the  S])oronts  were  of 
^ different  sexes,  although  the  differentiatiou  was  not  apjiarent.  "When 
the  gametes  ai-e  ripe  the  active  male  foi-nis  bi'cak  through  the  partition 
i into  the  female  chamber,  and  conjugate  with  the  inert  female  gametes. 

' Tn  the  zygote  both  body  and  nucleus  fuse  completely  to  form 

, the  definitive  sporoblast,  round  which  appears  a delicate  membrane, 
very  soon  thickened  to  form  the  sporocyst  or  spore-envelope,  and  at  the 
same  time  the  body  assumes  a definite  form,  usually  that  of  a barrel  or 
.spindle.  Thus  arises  the  characteristic  gregarine  spore,  often  termed  by 
VOL.  11. — IT.  II  F 
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older  writers  a pseudoiiavicella,  on  account  of  its  resemblance  to  a diatom 
of  the  genus  i\(ii'iccllu(F\g.  37).  pjach  spoi’e  contains  at  first  a simple  mass 
of  protoplasm  with  a single  nucleus.  The  latter  divides  succes.sivel_y  into 

two,  four,  and  eight  small  nuclei,  and 
then  the  protoplasm  becomes  split  in 
a longitudinal  direction  into  eight 
falciform  bodies  or  sporozoites,  arranged 
meridionally  round  a small  cpiantity 
of  residual  j)rotoplasm,  the  sporal 
residuum.  Pinch  sporozoite  is  a minute 
slender  gregarinoid  individual  contain- 
ing a compressed,  refringent  nucleus. 
When  set  free  from  the  spore,  an  event 
which  apjjears  to  occur  nonnally  in 
the  digestive  tract  of  a fresh  host,  the 


-Develoimii'ut  of  Um  .spore  of  a {.TO^a- 
riiie  (^Innot-y.itix).  A,  o\al  sporoblast  with 
siiish'  nucleus  (a) ; li,  formation  of  spore, 
membrane  or  sporocyst ; C,  ripe  spore, 
containing  ei>;bt  sitorozoites  ami  resiilual  . 

protoplasm;  I),  iliaf,Tammaticcross-.section  SpOl’OZOlteS  perform  aCtlVe  movements 

both  of  contractility  and  eliding  loco- 


of  C.  From  bankester,  after  Biitsclili. 


motion,  and  by  a combination  of  these  movements  they  reach  and 
penetrate  into  a host-cell.  The  anterior  extremit}’  is  commonly  differen- 
tiated as  a rostrum,  an  organ  of  penetration  and  attachment,  perhaps 
representing  the  flagellum  of  the  ^lastigophoran  ancestor.  A fresh 
trophic  cycle  is  now  started. 

The  gregarines  are  an  extremely  numerous  order,  and  are  differen- 
tiated into  many  families  and  genera.  They  may  be  classified  as 
follows : — 

Sul) -order  I.  — Schizogregarina’. — This  .sub -order  includes  two 
genera,  Schizoeijstis  I^eger  and  Ophryocystis  Schneider,  which  have  as  a 
common  feature  reproduction  by  schizogony.  In  Ophryocydis  the  body 
was  formerly  wrongly  described  as  amceboid,  and  hence  this  genus  was 
placed  in  a special  order,  named  Amoebosporidia. 

Sub-order  II. — Eugregariiue. — Schizogony  very  exceptional,  and  only 
occurs  during  the  early  cytozoic  phase,  if  at  all. 

Tribe  1. — Acephalina. — Without  cpimerite  and  non-septate.  Most  of 
the  members  of  this  sub-order  are  “ cadomic  ” parasites,  the  youngest 
trophozoites  being  complctel}'  intracellular.  The  l)est-known  genus  is 
iUonor.ydis  Stein,  of  which  at  least  two  species  occur  almost  constantly 
in  the  vesiculfe  seminalcs  of  the  earthworm. 


Tribe  2. — Cephalina. — With  an  epimerite,  usually  also  septate,  some- 
times, however,  non-septate. 

A great  number  of  genera  are  referred  to  this  subdivision.  The 
^I'agdi'ina  Dufour  includes  some  very  common  species,  among 
which  may  be  noted  G.  ovaUi,  Duf.  from  the  earwig ; G.  hlattarum  Siebold 
from  the  common  cockroach  ; and  G.  polymorpha  Hammerschmidt  from 
the  meal-worm ; in  each  case  intestinal  parasites. 

Mention  must  be  made  finally  of  the  remarkable  form  described  by 
Xusbaum  as  a gregarine  under  the  name  Schaudinnelhi  henleic,  parasitic  in 
the  intestine  of  an  oligochcete  worm  Henlea  lepfodcra.  In  this  parasite  the 
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trophozoites  liave  an  epimerite  but  are  non-septate,  and  arc  distinguish- 
able into  male  and  female  forms.  Without  encystation  or  association  the 
trophozoites  break  up  into  gametes,  the  female  forms  into  a few  rounded 
ovumdikc  macrogamctes,  the  male  forms  into  numerous  minute  micro- 
gametes. Fertilisation  takes  place,  and  of  the  zygotes,  some  pass  out  of 
the  intestine  with  the  dejecta,  and  others  penetrate  into  the  epithelium  of 
the  gut  and  there  sporulate,  producing  sporozoites  which  attach  themselves 
to  the  epithelium  and  give  rise  to  the  adult  trophozoites  again,  thus 
bringing  about  an  auto-infection  of  the  host.  It  is  evident  that  if 
Schatidiniiclla  l)e  a gregarine  at  all,  it  difl'ers  from  all  other  known  repre- 
sentatives of  the  order  in  its  method  of  reproduction,  and  it  should 
perhaps  be  regarded  rather  as  representing  a distinct  order  of  telo- 
sporidia  intermediate  between  gregarines  and  coccidia. 

2.  The  Coccidiidea. — Telosporidia  typically  of  cytozoic  hal)itat,  para- 
sites of  epithelial  cells,  and  always  with  distinct  alternations  of  genera- 
tions— namely,  endogenous,  non-sexual  schizogony,  and  exogenous, 
sexual  sporogony. 

Oidy  in  a single  case  has  a coccidian  parasite  of  coelozoic  habit  been 
described.  In  all  other  known  cases  the  parasite  is  intracellular  during 
the  entire  trophic  phase,  living  at  the  expense  of  a single  epithelial  cell, 
wluch  it  completely  destroys.  Within  tlie  host-cell  the  parasite  grows 
into  a rounded  or  spherical  body,  often  with  a marked  resemblance,  both 
in  cytoplasm  and  nucleus,  to  an  ovum.  Hence  the  coccidia  were  some- 
times described  by  older  writers  as  “egg-like  psorosperms.”  When  the 
trophic  phase  is  at  an  end,  the  jiarasite  abandons  the  withered  host-cell 
aiul  usually  drops  from  the  epithelium  into  the  cavity  lined  by  it,  in  order 
to  sporulate,  whether  by  the  method  of  schizogony  or  sporogony. 
The  epithelium  most  usually  attacked  by  coccidian  parasites  is  that  of 
the  gut  or  its  dependencies,  such  as  the  liver  ; but  other  internal  organs, 
such  as  the  kidney,  may  be  attacked.  In  no  case  is  the  epidermis  or 
external  body-epithelium  known  to  be  infected  by  true  coccidia. 

8pea.king  generally,  coccidia  occiu’  frecpxently  as  parasites  of  those 
groups  in  which  gregarines  are  rai'o  or  ludaiown,  such  as  molluscs  and 
vertebrates.  On  the  other  hand,  they  are  found  spaikigly  in  those 
groups  ill  which  gregarines  are  common.  In  arthropods  they  arc  known 
in  myriapods  and  a few  insects,  and  in  annelids  they  arc  rarely  fotiiid. 
Quite  recently  a parasite  apparently  belonging  to  this  order  has  been 
described  attacking  a gregarine.  Many  intracellular  ])arasites,  however, 
of  one  sort  or  another  have  been  wrongly  referi-ed  to  this  order,  and  it 
cannot  be  too  strongly  emphasised  that  an  intracellular  habitat  is  not  the 
only  characteristic  of  a coccidian  parasite.  In  the  vertebrata  the  coccidia 
have  been  found  in  all  classes,  and  are  alleged  to  occur  in  man,  but  no 
case  of  human  coccidiosis  has  yet  been  satisfactorily  investigated.^ 

The  infection  of  coccidian  parasites  appears  to  start  in  all  cases  from 
the  digestive  tract  of  the  host,  as  in  the  case  of  gregarines.  Sj)ores 

' For  an  account  of  the  cases  hnown  of  cocciilia  occurring  in  man  see  article  “Psoro- 
spermosis” ; also  Braun  (8),  Blanchard  (3),  and  Liihe  (46). 
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accidentiilly  swallowed  with  the  food  are  acted  upon  by  the  digestive 
juices,  causing  the  contained  sporozoites  to  be  liberated.  In  the  case  of 
the  common  coccidiaii  parasite  of  the  rabbit,  it  has  been  shewn  that  the 
germination  of  the  s[)ores  is  brought  about  l)y  the  action  of  the  pancreatic 
secretion,  while  the  gastric  juice  has  no  efl’ect  upon  them.  Each  .sporozoite 
attacks  and  penetrates  into  an  epithelial  cell,  usually  of  the  intestine,  but 
sometimes,  as  already  stated,  of  some  other  internal  organ,  in  Avhich  case 
the  sporozoites  must  pass  through  the  wall  of  the  digestive  tract  and  go 
through  more  or  less  e.xteiisive  nugrations  in  the  body  of  the  host. 
Within  the  host- cell  the  trophozoite  may  grow  up  either  to  become 
a multiplying  by  schizogony,  or  a sjioront,  multiplying  by 

sporogony  (hig.  38). 

The  schizonts  are  generally  formed  at  the  earlier  periods  of  the 
iid’ection,  wlien  the  parasites  are  still  few,  the  nutriment  consequently 
plentiful,  and  the  host  scareely  or  not  at  all  aflected  by  them.  A 
trophozoite  destined  to  be  a schizont  grows  rapidly,  and  when  full  grown 
its  nucleus  multiplies  by  repeated  division  to  form  several  nuclei,  round 
each  of  which  the  protoplasm  segments  to  form  a gymnos])oi-e,  similar  in 
the  main  to  a sporozoite,  but  on  account  of  its  different  oi  igin  termed  ;i 
nicrozoik  (Fig.  38,  II-IV).  The  merozoites  are  commoidy,  though  not 
invariably,  arranged  like  the  staves  of  a barrel  round  a central  mass 
of  residual  protoplasm,  the  whole  being  a so-called  “corps  en  bardlet,” 
which  may  be  enclosed  in  a cytocust,  that  is  to  say,  in  the  remains  of  the 
host-cell,  but  not  in  any  secreteil  protective  cyst. 

The  merozoites  soon  separate  off  and  wander  away  as  tiny  gregarinoid 
bodies,  each  of  which  attacks  an  ejaithelial  cell,  as  did  the  sporozoites  in 
the  first  instance.  Thus  arises  another  generation  of  trophozoite.s,  which 
may  in  their  turn  grow  up  to  become  either  schizonts  or  sporonts. 
Usually,  however,  several  generations  of  schizogou}^  first  run  their  course, 
whereby  the  host  becomes  overrun  by  the  parasite  and  may  be  greatly 
weakened,  before  sporonts  appear. 

In  proportion  as  the  effects  of  the  continually  increasing  numbers  of 
the  parasites  begin  to  make  themselves  felt  by  the  host,  so  the  host 
begins  to  I'oaet  on  the  parasites,  either  by  scarcity  of  nutrition,  owing  to 
the  ravages  of  the  parasite  in  the  tissues,  oi’  b}^  defensive  processes  of  one 
kind  or  another.  As  a result,  the  process  of  multiplication  by  spoi'ogony 
begins  to  sup])lement  that  of  schizogony  to  an  ever-increasing  degree, 
until  finally  only  resistant  cysts  and  spores  are  found,  which  pass  out  of 
the  host.  The  body  is  thus  graduall}^  purged  of  the  parasites,  with 
consequent  healing  and  recovery  from  their  effects.  The  host  is  not, 
howevei’,  thereby  rendered  immune  to  a fresh  infection  (Schaudinn). 
In  reproduction  by  .sporogony  the  process  is  initiated  by  merozoites 
developing  into  s])oronts  instead  of  into  schizonts.  The  .sporonts  are 
trophozoites,  which  grow  much  more  slowly  than  the  schizonts,  and 
which  are  diiferentiated  into  two  kinds,  distinguishable  by  the  characters 
of  their  cytoplasm  and  nucleus  both  from  one  another  and  from  the 
indiftei'ent  schizonts.  In  one  class  of  sporont  the  cytoplasm  is  relatively 
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Fio.  38. — Diagram  of  the  life-cycle  of  Coccidium  schnhergi  Hchauit.  in  the  cniitiiicde  I.iihnhin?  forficaivs. 
I-IV,  the  eiiilogenoiis  noii-.sexual  cycle,  or  schizogony;  V-VIll,  the  (leveloimicnt  of  the  gametes, 
along  two  line.s,  (J  and  9 ; IX,  X,  the  zygote  ; XI-XV,  sporogony.  I,  two  epithelial  cells,  shewing 
the  penetration  by  a merozoite  {mz)  and  the  growth  of  the  latter  into  a schizont  (s”t),  with  a con- 
spicuous karyosome  (Jcy) ; H.C,  host-cell ; X,  its  nucleus.  1 1 and  1 1 1,  full-grown  schizonts  shewing 
division  of  the  nucleus  ; ii.ti.  daughter  nuclei,  each  with  a karyosome.  IV,  “rosette”  of  merozoites 
(wz).  V,  cell  containing  two  young  gainetocyles,  of  dilfercnt  sexes.  VI  and  VI  9,  fnll-grown 
gametocytes  (game),  the  female  characteristically  bean -shaped  and  full  of  granules  of  reserve- 
material  (pl.gr).  VII  <J.  division  of  the  nucleus  in  the  male  gametocyte,  the  karyosome  (A;/)  being 
left  over  at  the  centre  of  the  jirotoplasm.  \'I  I 9 , maturation  of  the  female  gametocyte  by  expulsion 
of  the  karyosome  (/,■;/).  VllI  ^ and  VIII  9,  mature  male,  gametes  (<5  gam)  leaving  the  body  of  the 
gametocyte  and  passing  over  to  the  mature  female  gamete  ( 9 ffni")-  IX,  zygote  with  male  and 
female  pronuclei  ((J  an<l  9)‘iod  odeyst  at  ihe  surface  (ooi')-  X,  zygote  with  fertilisation  S])indle 
(ii.zyg).  XI,  .\l[,  division  of  synkaryon  to  form  four  sporoblast  nuclei  (>i..ip.hl).  XIV,  ripe  cyst 
containing  four  spores,  each  containing  two  sporozoites  (sp.z)  and  a sporal  residuum  (r.p..',';))  and 
imbedded  in  residual  protoplasm  (r.p)-,  sp.m,  sporocyst.  X\',  escape  of  sporozoites  from  the  cyst. 
Trom  Minchin,  after  .Schaudinn. 
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clear  and  free  from  coarse  granulations,  and  the  nucleus  is  large  ; these 
are  the  sporonts  of  male  character  or  microgametocytes  (Fig.  38,  A I c?  )• 
In  the  other  type  of  sporont  the  cytojdasm  is  opaque,  and  loaded  with 
coarse  granules  or  spherules  of  plastin,  and  the  nucleus  is  relatively 
small ; these  are  sjxironts  of  female  character,  macrogametocytes  (Fig.  38, 
VI  ? ).  In  some  cases  the  female  sporonts  may  be  very  much  lai’ger 
than  the  males,  and  early  association,  as  in  gregarines,  may  take  place 
between  them,  a well-known  example  of  which  is  Adelva  orohi,  jiarasite 
of  Lithubius  forjimtm  (Fig.  40).  In  some  coccidia  the  schizonts  are 


Kii:.  311. — Scliizo^oiiy  of  .-Ulrica  nx-ata  Schneider,  ])arasitic  in  the  cenli])ede  I.ilhnlmta  fox-ficain.c.  a-c 
female  line  ; d-f,  male  lim; : n,  nncleas ; l:ti,  karyosome  ; d.n,  danghter-miclei  : 9 viz.  <5  viz.  female 
or  male  merozoites  ; rp,  ixsidual  protoplasm;  p.gr,  iiignumt  {rranule.s.  Krom  Minrhin.  after 
Siedlecki. 


sexually  differentiated  from  the  first  as  well  as  the  sporonts,  ;uid  there 
are  no  schizonts  of  indifferent  character.  There  is  then  a series  of 
schizogonous  generations  of  male  or  female  forms,  of  wliich  the  end  term 
in  each  case  is  the  gametocyte  which  produces  the  gametes  (Fig.  39). 

The  microgametocytes  produce  microgametes  Iiy  a jirocess  of  sporula- 
tion.  Hchandinn  describes  the  jtrocess  in  Corculivin  ttchuhrriji  :is  com- 
mencing by  the  large,  centrally  pl.aced  mrcleus  giving  off  very  numerous 
chromidia,  minute  granules  of  chromatin,  into  the  cytoplasm.  The 
chromidia  travel  to  the  surface  of  the  body  and  become  concentrated  into 
patches,  each  such  patch  liecoming  further  condensed  into  a nucleus 
consisting  ultimately  of  closely  packed,  refringent  chromatin  (Fig.  38, 
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VII  (?).  Each  milieus  thus  formed  becomes  elongated  in  form,  ami 
gradually  separates  off  from  the  parent  body  to  form  a microgamete, 
which  consists  mainly  of  chromatin  with  a scarcely  perceptible  envelope 
of  protoplasm  (Fig.  38,  A'lII  ).  In  most  cases  the  microgametes  have 
two  flagella,  usually  differing  in  length  and  movements;  they  either 
arise  both  together  from  the  eml  anterior  in  movement,  or  one  arises 


Fio.  40. — Conjugation  of  Afli:Iea  orala  Schneider,  a,  association  of  a inale  and  female  gametocyte 
( (J  name,  and  c,  division  of  tin*  luudens  of  tlie  male  ganietocyte  into  four:  n,  nneleus 

of  tlie  female  gametocyti^ ; k;/,  its  karyosome ; //,  formation  of  four  male  gametes  ((j  (/nm); 
c,  zygote  ivith  male,  and  female  pronnclei  (<5,  9 ''hr),  attaidied  to  which  are  three  sui>erllno\is  male 
gametes  and  the  residual  ])roto]>lasni  (r.p)of  the  mah^  gametocyte  ; /,  zygoti?  with  synk.aryon  (a.rj/yj 
and  with  residual  male  gametes,  etc.,  as  in  last.  From  .M inchin,  after  Siedlecki. 


from  the  anterior,  the  other  from  the  posterior  end,  so  that  the  arrange- 
ment of  the  flagella  is  distinctly  of  the  heteromastigote  type.  In 
some  cases  no  flagellti  are  present,  ;ind  the  microgtimete  progresses  b}^ 
serpentine  movements  of  the  whole  body.  Usually  veiy  numerous 
microgametes  are  produced  from  each  parent  gametocyte,  Imt  in 
eases  where  early  association  of  the  sporont  occurs,  as  in  A (Idea  omta 
mentioned  above,  the  number  of  microgametes  may  be  reduced  to  four 
only.  After  formation  of  the  microgametes,  the  body  of  the  microgame- 
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tocyte  or  sporoiit,  scarcely  reduced  in  size,  gradually  dies  oft  and  disin- 
tegrates, together  with  the  remains  of  the  large  sporont  nucleus. 

In  female  sporonts  or  macrogametocytes  the  process  of  sporulation  to 
produce  gametes  is  in  abeyance,  and  each  macrogametocyte  simply 
becomes  a macrogamete  after  going  through  a j^rocess  of  maturation  l)y 
elimination  of  a portion  of  the  nuclear  substance.  The  manner  in  which 
this  maturation  is  effected  appears  to  vary  considerably  in  the  group.  In 
Coccidinm  schnhn'fji  Schaudinn  describes  it  as  taking  place  simply  by  the 
ejection  of  the  karyosome,  first  fi-om  the  nucleus,  then  from  the  body  of 
the  sporont  (Fig.  38,  YII  9 ).  In  Cydospora  caryolyHca  of  the  mole  the 
same  author  describes  two  divisions  of  the  nucleus  forming  three  nuclei, 
two  of  which  degenerate,  while  the  third  becomes  the  pronucleus. 

A single  microgamete,  as  a rule,  penetrates  into  the  cytoplasm  of  the 
macrogamete,  which  forms  a “ cone  of  reception  ” at  the  point  of  entry 
(Fig.  38,  VIII  9 ).  In  Cydvspora  caryolytica,  however,  several  microgametes 
may  enter,  but  in  all  cases  only  one  effects  the  actual  fertilisation,  that 
is  to  say,  the  fusion  between  the  two  pronuclei  of  the  microgamete  and 
macrogamete  respecti^■eh^  The  chromatic  substances  of  the  two  pronuclei 
become  intermingled  by  the  formation  of  a so-called  fertilisation-spindle, 
formed  as  follows  : — The  female  pronucleus  first  assumes  the  form  of  a 
sjjindle  stretching  across  the  whole  body  of  the  zygote,  in  Avhich  fine 
grains  of  chromatin  are  arranged  in  meridional  rows,  running  from  one 
pole  of  the  spindle  to  the  other.  The  male  pronucleus  then  breaks  up 
also  into  fine  grains  of  chromatin,  which  become  spread  over  the  spindle. 
When  this  process  is  complete  the  spindle  gradually  contracts  intcj  a 
I'ounded  form,  thus  producing  a synkaryon  in  which  the  male  and  female 
chromatin  is  intimately  blended  (Fig.  38,  IX,  X). 

In  most  cases  the  macrogamete  pre^•ious  to  fertilisation  has  the 
surface  of  the  body  quite  naked  and  unprotected  by  any  envelope  of  any 
kind.  Then  the  mici'ogamete  enters  at  any  point,  and  immediately  after 
its  entry  has  been  eft’ected,  a clear  membrane,  at  first  thin  but  gradually 
inci'easing  in  thickness,  makes  its  appearance  over  the  surface  of  the  zygote 
and  prevents  the  entry  of  further  gametes.  This  membrane  becomes  a 
tough  resistant  cyst,  termed  an  oiicysf,  in  which  spore-formation  takes  its 
further  course  (Fig.  38,  IX).  In  some  cases,  however,  especially  among  the 
coccidia  of  vertebrates,  the  obeyst  is  formed  before  fertilisation,  ajid  then 
has  a minute  pore  or  microjjyle  through  Avhich  the  microgamete  enters. 
The  pore  is  protected  by  a plug  of  protoplasm,  which,  after  entr\-  of  the 
microganiete,  closes  up  the  micropyle  completely.  The  presence  of  an 
oocyst  at  once  distinguishes  sporogony  from  schizogony,  no  cysts  l)eing 
secreted  in  the  latter  mode  of  reproduction.  As  soon  as  the  fertilisation 
is  complete  the  synkaryon  begins  to  divide  by  the  direct  method,  i.r. 
without  mitosis,  to  form  the  nuclei  of  the  sporoblasts.  The  process  of 
s])ore-formation  vailes  considerably  in  details,  as  is  evident  from  the 
classification  in  cui'rent  use  given  below,  which  is  founded  on  the  varia- 
tions on  the  spore-formation.  The  following  points,  however,  may  l.)e 
stated  genei'ally. 
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Witliiii  the  oiicyst  the  zygote  becomes  divided  into  ii  num])er  of 
uninuclear  masses,  the  sporoblasts,  arranged  round  a central  protoi)lasmic 
residuum.  Each  spoioblast  ma}^  now  simply  become  converted  into  a 
gymnospore  or  sporozoite,  or  may  surround  itself  by  a tough  membi'ane 
or  sporocyst  to  form  a resistant  spore.  AVithin  the  sporocyst,  when 
formed,  the  protoplasm  may  become  a single  sporozoite,  or  may  become 
divided  up  to  form  two  or  more  sporozoites,  altogether  with  a certain 
amount  of  residual  protoplasm.  Great  variation  is  seen  in  the  spores  of 
coccidia  with  regard  to  the  number  of  sporozoites  they  contain.  Hence 
they  are  characterised  in  technical  language  as  monozoic  with  one 
sporozoite,  dizoic  with  two,  trizoic  with  three,  tetrazoic  with  four,  and 
polyzoic  with  many  sporozoites.  The  octozoic  condition,  with  eight 
sporozoites,  which  is  the  nde  with  few  exceptions  in  gregarines,  is  rarely 
found  in  coccidia. 

The  order  Coccidiidea  is  commonly  classified  into  four  s\ibdi\dsions  or 
families  based  on  the  number  of  resistant  spores,  if  any,  formed  in  the 
o<")cystd 

Family  1. — Asporocystidee. — Xo  sporoeysts,  only  naked  sporozoites, 
formed  in  the  cyst.  A single  genus  Ler/neUa  Alesnil  {Eimeria  A.  8chn.). 

Family  2. — Disporoci/sfidas.- — The  oocyst  contains  two  spores.  In 
Ciidosponi  A.  Schn.  the  spores  are  dizoic  ; C.  caryolytica  Schaucl.  is  an 
intranuclear  jiarasite  of  the  intestinal  epithelium  of  the  mole.  In  dJiplo- 
spom  Labbe  the  spemes  are  tetrazoic ; sevei'al  species  are  known,  parasitic 
in  reptiles  and  birds. 

Family  .'5. — Tefrasporocystidee. — The  oocyst  contains  four  spores.  The 
most  ini])ortant  genus  is  Coccidium  Leuck.  (perhaps  more  correctly  named 
Eimeria),  parasitic  on  vertebrates  of  all  OTclers. 

Family  4. — PolyitporocyAidir. — The  oocyst  contains  numerous  spores. 
.Many  genera  are  referred  to  this  family,  nearly  all  of  which  are  parasites 
of  invertebrates.  The  best-known  genera  are  Adclea  A.  Schn.,  dizoic, 
and  Klossia  A.  Schn.,  tetrazoic. 

3.  lEemosporidia. — Telos])oridia  with  alternation  of  generations  corre- 
sponding with  an  alternation  of  hosts  ; parasitic,  during  the  non-sexual 
schizogonous  cycle,  in  the  blood  of  a vertebrate,  and  during  the  .se.xual, 
spoi’ogonous  cy’clc,  in  the  gut  of  an  invertebrate  host. 

The  htemosporidia  as  blood-parasites  of  man  and  ^•arious  ^'ertebrates 
are  of  great  importance  from  the  medical  point  of  view.  It  may  be 
douI)ted,  however,  Avhether  the  order  shonld  bo  regarded  as  a natural 
and  homogeneous  group,  like  the  gregaihies  or  coccidia.  The  various 
tyj)es  refeiTcd  to  this  order  do  not  ap}>ear  to  have  much  in  common, 
beyond  the  fact  that  they  are  parasites  of  the  Idood  of  vertebi'ates,  of 
intracor])uscular  occurrence  during  the  whole  or  part  of  their  endogenous 
cycle,  and  that  their  transmission  from  one  vertebrate  host  to  another  is 
effected  by  some  invertebrate  animal  of  blood-sucking  habit,  in  which  the 
.sexual  cycle  of  the  parasite  takes  place.  At  least  four  di.stinct  geuei'ic 

' A more  modem  and  perhaiis  less  artificial  classitleation  of  the  coccidia  is  given  hy 
Liilie  (46). 
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types  are  referred  to  this  order,  the  charactei'istics  of  which  are  best 
(lescribed  separately.  These  are  the  genera  I’lasmodiuni  {Ihemoma'ba), 
lliemogregarina,  Firojdasma,  and  llaltendium. 

(1)  Plasmodium  Marchiafava  and  Celli  (including  Grassi 

and  Feletti ; Lamrankt  Grassi  and  Feletti ; Ihnnomtiuis  Koss ; Ihvmo- 
proteus  Kruse  ; Proteosoma  laibbe  ; Achromaiicus  Dionisi ; Polgchromophilus 
Dionisi;  and  JLnnociisiidium  Castellani  and  Willey)  comprises  the  various 
malarial  parasites  of  mammals  and  l>irds,  the  agent  of  transmission  being 
in  all  known  cases  a gnat  or  mosquito  of  the  dipterous  famil}’  CulicuUe. 
The  trophozoite  is  always  of  amoeboid  form,  and  is  intracorpuscular  during 
the  whole  trophic  phase.  A characteristic  feature  of  all  malarial  })arasites 
is  the  production  of  an  excreted  pigment  termed  inehinin,  derived  from 
the  h;emoglobin  of  the  blood. 

The  life-cycle  of  the  malarial  parasites  is  of  the  same  type  as  that  of 
the  coccidia,  allowing  for  differences  due  to  the  fact  that  in  the  former 
the  schizogony  and  sporogony  are  in  different  hosts.  The  malarial 
parasites  of  man  are  the  best  known  and  most  thoroughly  studied  in 
all  stages  of  their  life-histoiT,  and  the  following  account  applied  to  them 
more  especially. 

Opinions  are  not  unanimous  on  the  question  of  the  number  of  s^jecies 
of  the  malai'ial  parasites  found  in  man.  Laveran,  their  discoverei',  regards 
them  all  as  one  species,  with  a number  of  varieties.  Most  authoritic.s, 
however,  are  agreed  in  recognising  three  species ; these  are — ( 1 ) I'las- 
rnodium  viva.r  (G-r.  et  Fel.),  the  tertian  parasite;  (2)  P.  malaria’  (Lav.), 
the  ([uartan  parasite;  (3)  P.  immamlutum  ((ti-.  et  Fel.),  the  parasite  of 
pernicious  or  tropical  malaria.^  Other  species  of  the  genus  ai-e  1\  l-orhi 
(Lav.),  from  monkeys;  P.  pracox  (Gr.  et  Fel.),  synon3mis  llannoproteus 
daniletoskyi  Kruse,  Proteosoma  grussii  Labbe,  from  various  birds  (Fig.  45) ; 
and  several  species,  not  as  yet  adequately  characterised,  from  bats  and 
other  mammals  or  birds.  Three  species  occurring  in  reptiles  have  also 
been  referred  to  this  genus,  so  that  malarial  parasites  appear  not  to  be 
confined  exclusively  to  warm-blooded  animals. 

The  thi-ee  human  malarial  parasites  are  distinguished  Iw  morpho- 
logical points,  which  will  be  mentioned  in  describing  the  various  stages 
of  the  life-cycle,  and  also  by  their  effects  on  the  host.  They  produce 
fevers  which  recui-  at  regular  intervals,  each  access  of  fever  coinciding 
with  the  endogenous  sporulation  of  the  parasite,  at  which  period  vast 
numbers  of  merozoites,  set  fj'ee  in  the  blood,  are  attacking  fresh  corpuscles. 
In  the  quai-tan  pai-asitc  a schizogonous  generation  takes  seventy-two  hours, 
and  the  fever  recui-s  every  three  days.  In  the  tertian  parasite  each 
generation  takes  forty-eight  hours,  and  the  attacks  i-ecur  eveiy  other  daj*. 
In  pernicious  malaria  the  sporulation  takes  place  irregularlv,  and  the 
fever  is  irregular  or  continuous.  Pernicious  malaria  is,  moreover,  at 

’ Tlie  nomenclature  of  the  malarial  p.ara-site.s  is  extremely  confused,  and  no  two  authorities 
use  tlie  same  name.s.  The  terminology  followed  here  i.s  that  given  by  Schaudinn  (73).  The 
jwasite  of  pernicious  malaria  is  commonly  known  as  Lai'erania  medaruv.  (Gr.  et  Fel.). 
According  to  Blanch.ard,  the  j)ar.xsite  of  pernicious  mal.aria  should  be  named  I’latimodiitm. 
J'alcij/anivi  (see  article  “ Malaria  ”).  Qvot  auctores  tut  nomina  ' 


Fic.  41.  — Diagram  (not  .strictly  accurate  in  all  details)  of  tlie  complete  life-cycle  of  the  jiarasitc  of 
limiian  ])eriiicioiis  mal.aria,  I’ldsiiindium  immdciUatiim  ((!r.  et  Fid.).  The  stages  above  thedotted  linn 
arc  found  in  human  blood,  those  below  the  line  in  the  mosipiito.  I-V  and  0-10  shew  the  schizomnn  • 
VI- XII,  the  sexual  generation,  which  at  V’ll  splits  into  two  lines,  (a)  male  and  (//)  female,  whiidi  aie! 
uniteil  a.gain  by  conjugation,  XI  and  XII  ; XIII,  motile  zygote,  vermicide  or  oiikinete;  XIV-XIX, 
sporopmy  ; n,  nucleus;  p,  melanin-pigment ; male  gametes,  so-called  flagella;  sp.bl,  sporoblas:! 
nuclei ; r.n,  residual  nuclei ; r.p,  residual  protoplasm.  From  Jlinehin. 
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once  distinguished  from  the  other  two  Ijy  the  crescent-shape  of  the 
gametocytes.  The  different  tyi)es  of  parasite  also  produce  characteristic 
effects  upon  the  1)lood-corpuscles  attacked  by  them.  The  quartan  ]>arasites 
cause  the  corpuscle  to  diminisli  in  size,  while  retaining  its  normal  colour. 
Corpuscles  attacked  by  the  tertian  parasite,  on  the  contrary,  increase  con- 
siderably in  size,  and  become  paler.  The  effect  produced  by  the  pernicious 
parasite  is  not  so  constant,  tlie  corpuscle  becoming  enlarged  or  diminished, 
with  a lessened  or  a heightened  tint. 

The  endogenous  cycle,  or  schizogony  (Fig.  42),  commences,  in  the  case  of 
a new  infection,  with  sporozoites  introduced  into  the  blood  l)y  the  proboscis 
of  an  infected  mos<piito.  The  first  sporozoites  thus  inoculated  probably 
grow  up  in  all  cases  to  become  schizonts.  Each  sporozoite  penetrates 
into  a blood-cor])uscle  and  becomes  an  anueboid  trophozoite,  which  grows 


Fig.  4^.— Schizoftonous  cycli'  of  riatsmodiinn  vivax  {Gt.  et  Fel.).  A,  si)orozoite : B,  youiifiest  iiitra- 
corpu^«;ular  sUi;;e  ; C,  si^Giet-ring  stage  ; 0,  nearly  full-grown  .scliizont ; E,  scliizont  with  nucleus 
<Hviiling  up;  F,  “rosette”  of  mcrozoites  with  residual  pigment,  etc.;  it,  nucleus;  r,  vacuole; 
Hi.p,  melanin-pigment;  m:,  merozoites.  After  Schaudinn. 

rapidly  without  leaving  the  corpuscle.  The  degree  to  which  the  parasites 
are  anueboid  varies  in  difl’erent  species,  and  is  most  marked  in  the  tertian 
ptirasite.  Cluiracteristic  of  young  trophozoites  destined  to  become  schizonts 
is  the  peculiar  “ring-form,”  caused,  according  to  Schaudinn,  by  the  forma- 
tion near  the  nucleus  of  a vacuole,  which,  increasing  in  size,  gives  the 
whole  ptirasite  the  form  and  appearance  of  a signet-ring.  Schaudinn  is 
of  opinion  that  the  ring-form  serves  to  increase  the  body-surface  of  the 
parasite,  and  favours  ra])id  absorption  of  nutriment  and  growth  on  the 
part  of  the  trophozoite.  As  the  parasite  grows  the  vacuole  disappears, 
and  the  characteristic  grains  of  melanin-pigment  apjiear. 

In  the  fully  formed  scliizont  the  body  becomes  compact  and  rounded 
oft’,  ceasing  to  be  amoeboid,  and  the  nucleus  begins  to  divide  up  into  a 
number  of  small  masses,  usually  nine  to  twelve  in  the  quartan  parasite, 
twelve  to  twenty-four  in  the  tertian  parasite,  and  a variable  number  in 
the  pernicious  parasite.  The  protoplasm  then  becomes  segmented  up 
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round  e;icli  of  the  nuclei  to  form  ;i  corresponding  number  of  merozoites, 
leaving  a small  amount  of  residual  protoplasm  containing  the  melanin- 
pigment.  The  inei'ozoites  are  small  rounded  bodies  grou})ed  more  or  less 
regularly  round  the  residual  })rotoj)lasm,  the  whole  forming  a so-called 
rosette-stage.  While  the  sporulation  is  proceeding  the  corpuscle  gradually 
disintegrates,  and  when  the  process  is  complete  the  rosette  is  free  in  the 
blood-plasma.  The  merozoites  when  fully  developed  wander  off,  abandon- 
ing the  residual  protoplasm  and  melanin-pigment,  and  each  mcrozoite,  if 
it  escape  the  leucocytes,  penetrates  a blood -corpuscle  and  becomes  a 
trophozoite  of  a second  generation.  In  the  tertian  and  (luartan  parasites 
the  sporulation  takes  place  in  the  peripheral  blood-stream,  but  in  per- 
nicious malaria  sporulating  forms  are  to  be  sought  chiefly  in  the  internal 
organs,  especially  the  liver,  spleen,  and  bone-marrow. 

When  the  ])arasites  are  first  introduced  into  the  blood  their  numbers 
are  relatively  small,  and  hence  for  a certain  jjeriod  they  })roduce  no 
appreciable  effect  upon  the  host.  This  is  the  so-called  incubation-period, 
varying  in  different  species  between  six  and  twelve  days.  It  is  probable 
that  during  the  incidiation-period  schizogony  only  goes  on,  the  sporozoites 
or  merozoites  all  develoiiing  into  schizonts,  which  produce  merozoites 
again.  As  this  method  of  I’eproduction  causes  the  numbers  of  the 
parasite  to  increase  by  geometrical  progression,  they  soon  fiegin  to  bring 
about  a reaction  on  the  part  of  the  host,  which  is  manifested  in  the 
.symptoms  of  fever.  The  reaction  of  the  host  upon  the  parasite  is, 
according  to  Schaudinn,  the  stimulus  which  determines  in  the  latter  the 
production  of  sexually  differentiated  sporonts,  destined  for  exogenous 
repi’oduction. 

The  groM’th  of  a merozoite  into  a sporont  is  much  slower  than  in  the 
case  where  it  grows  into  a schizont,  and  is  characterised  by  the  absence 
of  a ring-stage  in  the  young  trophozoites  (Schaudinn).  Idie  sporonts  are 
always  of  two  kinds,  representing  male  and  female  gametocytes,  which 
can  be  distinguished  both  from  one  another  and  from  the  schizonts.  It 
may  be  said  generally'  that  in  the  male  spoi-onts  the  nucleus  is  more 
developed,  and  the  cytoplasm  is  free  from  granulations  of  reserve  material, 
and  hence  stains  lightly,  while  in  the  females  the  reverse  is  the  case,  the 
nucleus  being  relatively  small  and  the  cytoplasm  full  of  granulations, 
causing  it  to  stain  deeply. 

In  pernicious  malaria  the  sporonts  are  at  once  distinguished  from  the 
schizonts  by  their  form,  like  that  of  a sausage,  and  are  hence  known  as 
“crescents.”  In  the  male  crescents  the  pigment-granules  are  apt  to  be 
more  evenly  scattered,  ndiile  in  the  female  forms  the  pigment  tends  to 
be  more  aggregated  round  the  nucleus  (Fig.  41,  VII). 

In  the  tertian  and  rpiartan  parasites  the  sporonts  are  not  characterised 
by  any  special  body-foi'in,  but  can  still  be  distinguished  by  their  characters. 
Thus  in  the  tertian  parasite,  which  has  been  most  accnratel}^  studied,  the 
full-grown  schizonts  are  about  10  p in  diameter,  with  a nucleus  situated 
at  the  periphery  of  the  body.  The  female  sporonts  are  larger,  1 2-1  G //- 
in  breadth  ; their  dense  cytoplasm  stains  deeply,  and  their  grains  of 
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inelaiiin-pignieiit  arc  two  or  three  times  as  large,  and  about  tuice  as 
numerous  as  tliose  of  the  scliizont,  hut,  as  in  the  latter,  the  nucleus  is 
situated  eccentrically.  The  male  sporonts  are  distinguished  in  all  stages 

by  their  large  nucleus  placed 
at  or  near  the  centre  of 
the  body  ; the  melanin-pig- 
mentisaswell  developed  as 
in  the  females,  but  the  proto- 
plasmic portion  of  the  body' 
is  feebly  developed  as  com- 
])ared  with  the  other  two 
forms,  and  is  less  dense, 
and  stains  a much  lighter 
tint.  The  sporonts  are  less 
amo-‘boid  than  the  schizonts 
in  earlv  stages  of  growth, 
the  male  sporonts  least  of 
all  so.  The  early  stages  of 
the  sporonts  or  gametocytes 
are  to  bo  sought  in  the 
internal  organs,  especially 
the  spleen  and  l)one-marrow, 
but  when  full  grown  they 
circulate  in  the  peripheral 
blood,  Avhence  in  the  natural 
course  of  events  they'  are 
taken  up  by'  a mosquito, 
iu  order  to  undergo  in  its  digestive  tract  a process  of  development,  of 
which  they  are  not  capable  in  the  blood  and  at  the  temperature  of  the 
warm-blooded  host. 

If  not  taken  up  by  a mosquito,  the  male  sporonts  appear  simply  to 
die  off,  without  undergoing  further  development,  but  the  female  sporonts 
ai-e  more  resistant,  on  account  of  the  reserve  material  stored  up  in  their 
abundant  cytoplasm,  and  according  to  Schaudinn,  they'  are  capalilc  of 
outliving  all  other  forms  of  the  parasite  in  the  human  body',  and  then 
multiply'ing  by  parthenogenesis  to  produce  fresh  schizogonous  generations 
(Fig.  43),  which  caixse  the  relapses  so  often  observed  in  these  fevers.  It  has 
been  shewn  above  in  the  case  of  Goccidium  that  the  host  may  be  purged  of  the 
parasites,  because  they'  all  develo]i  into  sporonts  which  form  resistant 
cysts  and  pass  out  of  the  body'.  If  a similar  process  of  development  be 
sui)posed  to  occur  in  a malarial  parasite,  the  disappearance  of  all  schizo- 
gonous stages  from  the  blood  would  doubtless  bring  about  an  alleviation 
of  the  symptoms  of  disease  and  an  api)arent  recovery  from  the  fever  ; 
but  the  sporonts,  not  being  able  to  escape  by’  natural  channels  from  the 
body,  like  coccidian  cy'sts  in  the  digestive  tract,  would  remain  in  the 
blood,  and  after  a time  only'  the  resistant  female  foiuns  would  be  left. 
A similar  state  of  things  would  result  if  we  suj)pose  the  more  delicate 


43.— Parthenogenesis  of  Plasnimlium  vivar.  A,  a female 
gametoeyte  of  whicli  tlie  nnclens  i.s  dividing  into  a darker 
(ii')  and  a ligliter  portion  (a-) ; 15,  the  separation  of  tlio 
two  jiarts  of  tlie  nnde.ns  is  complete  ; C,  the  darker  nnclens 
lias  divided  into  a number  of  portions;  1),  a number  of 
merozoites  are  formed  from  the  darker  nnclei ; the  lighter 
nucleus  is  abandoned  in  the  residual  protoplasm  (r.;)) 
containing  the  melanin-pigment.  After  Schaudinn. 
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sehizonts  and  male  sporouts  to  be  killed  oft'  by  the  action  of  some  dnig 
administered,  sncli  as  (piinine,  which  the  more  resistant  female  sporonts 
may  be  able  to  Avithstand,  possibly  by  passing  into  some  jjrotected  or 
resting  form,  still  to  be  discovered,  in  the  internal  organs  of  the  bod}' ; 
or  perhai^s  by  a greater  hardiness  of  constitution  characteristic  generally 
of  forms  destined  for  exogenous  reproduction,  that  is  to  say,  for  adapting 
themselves  to  entirely  changed  conditions. 

The  stimulus  to  the  renewed  activity  of  the  parasite  which  brings 
about  a relapse  is  perhaps  supplied  by  some  external  cause,  such  as  a 
chill  or  shock  to  the  system,  which  lowers  the  resistance  of  the  host.  The 
parthenogenesis  of  the  female  sporonts  (Fig.  43), as  described  by  Schaudinn, 
is  essentially  similar  to  the  pi’ocess  already  described  above  in  trypano- 
somes, and  consists  in  the  gametocyte  being  set  back  into  the  indift'erent 
or  schizont  form,  after  which  it  sporulates  in  the  usual  endogenous 
manner.  The  nucleus  of  the  gametocyte  divides  into  tAvo  parts  ; one  is  rich 
in  chromatin  and  stains  deeply,  A\-hile  the  other  is  pale  and  stains  feebly. 
The  body  becomes  partially  constricted  into  tAvo  parts,  one  consisting  of 
denser  protoplasm,  Avith  most  of  the  pigment  and  the  pale  nucleus ; this 
portion  of  the  body  Avith  its  contents  is  ultimately  abandoned  as  residual 
protoplasm  : the  other  portion  has  lighter  protoplasm  and  less  pigment, 
and  contains  the  darker  nucleus ; this  portion  proceeds  to  sporulate  as  in 
the  schizogony,  and  ]Aroduces  a number  of  merozoites,  Avhich  attack  red 
blood -corpuscles,  and  giA'e  rise  to  a fresh  endogenous  cycle,  and  con- 
se(piently  a relapse  of  tbe  fever. 

To  return  uoav  to  the  gametocytes.  ^^'hen  taken  up  by  the  mosquito, 
the  action  of  the  digestiA^e  juices  of  the  neAvhost  has  the  eft’cct  of  causing 
all  stages  of  the  parasite  to  be  digested  along  Avith  the  blood,  except  the 
I'ipe  gametocytes,  but  has  no  effect  upon  the  latter  other  than  that  of 
setting  them  free  from  the  last  remains  of  the  blood-corpuscles,  Avhereupon 
the  crescents  of  the  pernicious  parasite  assume  the  spherical  form  already 
possessed  by  the  gametocytes  of  the  tertian  and  quartan  parasites.  Foi'ma- 
tion  of  gametes  commences  immediately,  the  chief  stimulus  to  this  dcA^elop- 
ment  being  apparently  the  loAvering  of  temperature,  since  the  Avhole 
pi’Ocess  can  be  observed  under  the  microscope  in  blood  draAvn  fresh  from 
the  body  and  studied  in  ntro. 

In  the  male  gamctocy’te  the  nucleus  gives  off  chromidia,  Avhich  travel 
to  the  surface  of  the  bod}',  leaving  a karyosome  or  remains  of  the  sporont 
nncleus  at  the  centre  (Fig.  44,  I),  E).  AVith  great  rapidity  motile  threads, 
four  to  si.x  in  numbei’,  are  shot  out  from  the  surface  of  the  body.  These 
threads  are  commoidy  termed  Hagella,  but  are  in  reality  microgametes,  and 
contain  all  the  peripheral  chromatin  given  off  from  the  nucleus  of  the 
gametocyte.  The  microgametes  lash  Avildly  about  until  they  become 
detached  from  the  body  of  the  gametocyte,  Avhich  pei-ishes  as  residual 
protoplasm  together  Avith  the  contained  karyosome.  Each  microgamete  is 
a slender  body  Avhich  progresses  by  serpentine  moA'ements,  and  comsists 
chiefly  of  chromatin.  It  is  strictly  comparable  to  a coccidian  micro- 
gamete of  the  type  in  AAdiich  flagella  are  lacking,  and  also  may  be  com- 
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pured  structimilly  to  a form  of  spirochaete  -without  an  undulating 
inemhrane,  for  example  Treponema  (see  p.  47).  The  formation  of  the 
niicrogametes  is  a phenomenon  which  can  be  observed  very  easily  and 
has  long  been  known,  though  oidy  comparatively  recently  explained. 
.Since  this  stage  was  mistaken  by  carliei-  observers  for  an  indejDendent 
flagellate  organism,  it  is  sometimes  known  as  the  Poh/rnitus  stage,  and  the 


Kio.  44.— Gameti'-formiitioii  ami  fertilisation  in  J'lasmodiuM  vivdx.  A,  fnll-Krown  female  L'ametocvte  • 
B,  the  same  extrudin*^  a portion  of  tlie  nucleus  as  a jKflar  body  ; C,  full-i^rown  male  ;;ametocvte  : 
1),  formation  of  male  i;ametes,  tliree  of  wliich  have  been  extruded,  and  three  more  are  about  to"  be  * 
h,  a male  fCTinete:  !•',  fertilisation  of  a female  by  one  of  three  male  -ainete.s  ; O,  an  obkinete' 
snrronmle.1  by  de-cnerated  remains  of  siii.erlluons  male  irametes  ; male  mimete  • n A hq' 
miclei  ol  male  and  temale  gsimetes  ; other  letters  as  before.  After  Sehaudinn.  ’ ’ ’ 


whole  process  is  commonly  called  flagellation,  a term  tpiite  inexact  and 
inadmi.ssible  from  the  zoological  point  of  view. 

In  the  female  gametocyte  the  process  of  sporulation  is  in  abeyance, 
and,  as  in  coccidia,  each  gametocyte  liecomcs  a macrogamcte  after  elimina- 
tion of  a portion  of  the  nuclear  substance  (Fig.  44,  A-C). 

The  niicrogametes  formed  as  descrilied  above  seek  out  the  macro- 
gametes, penetrate  into  them,  and  fertilise  them  (Fig.  44,  E,  F).  The 
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chromutiii  contained  in  the  raicroganiete  forms  a pronuclens  which  fuses 
with  the  female  {)ronuclens  of  the  macrogamete  with  the  formation  of  a 
fertilisation-spindle,  as  in  coccidia.  The  zygote  does  not,  however,  secrete 
a protecting  envelope  or  cyst,  Imt  becomes  elongated  in  form  and  develops 
into  a motile  gregarinoid  individual  termed  a vermicide  or  obhiaete  (Fig. 
-1-1,  G).  Tliis  motile  stage  represents  the  oocyst-stage  in  the  life-cycle  of 
the  coccidia,  and  is  practically  the  oidy  point  in  which  the  life-cycles  of  the 
malarial  parasites  and  the  coccidia  dilier  to  the  extent  of  requiring  the  use 
of  a distinct  terminology.  The  vermicule  moves  forwards  Avith  the  char- 
acteristic gliding  movements  described  above  (p.  58).  Its  anterior  extremity 
is  narrow,  almost  pointed,  and  rather  drawn  out ; the  nucleus  (synkaiyon) 
is  near  or  slightly  behind  the  middle  of  the  body ; and  the  grains  of 
melanin-pigment  are  lumped  at  the  hinder  end  of  the  body,  whence  they 
may  be  extruded  Avith  a small  ipiantity  of  protoplasm,  or  may  be  retained 
till  sporulation  and  then  abandoned  Avith  the  residual  jirotoplasm.  By 
its  OAvn  activity  the  vermicule  pushes  its  AA-ay  through  the  epithelial  lining 
of  the  mosquito’s  stomach  and  comes  to  rest  immediately  beloAv  the  epi- 
thelium. In  this  situation  it  becomes  spherical  in  form  (Fig.  41,  XIY) 
and  a delicate  membrane  is  formed  enveloping  it,  perhaps  secreted  by  the 
host,  and  in  any  case  not  a tough,  impervious  envelope  like  the  oiicyst 
of  coccidia,  since  the  parasite  commences  to  absorb  nourishment  from  the 
host  and  to  groAv  until  it  bulges  out  the  stomach-wall  toAvards  the  body- 
cavity.  Within  the  cyst  the  nucleus  (synkaryon)  multiplies  liy  division 
as  the  parasite  increases  in  size,  and  round  the  daughter- nuclei  thus 
formed  the  protoplasm  becomes  concentrated  to  form  a number  of 
sporoblasts  imperfectly  separated  from  one  another  (Fig.  41,  XY,  XYI). 
In  each  sporoblast  the  nucleus,  at  first  single,  divides  repeatedly  to  j'orm 
various  small  nuclei,  Avhich  travel  to  the  surface  of  the  sporoblast,  and 
groAV  out  each  in  a slender  protoplasmic  projection  to  form  a gymnospore 
or  sporozoite  (Fig.  41,  XYII).  In  this  Avay  the  cyst  becomes  filled  Avith 
a croAvd  of  sporozoites,  A'arying  in  number  from  some  hundreds  to  OA  er 
ten  thousand,  together  Avith  a certain  amount  of  residual  protoplasm 
deri\’ed  from  the  sporoldasts  or  from  the  vermicule  (Fig.  41,  XYIIl). 
When  the  contents  are  ripe  the  cysts  become  ruptured  into  the  body- 
cavity  (hremocoele)  of  the  mosquito.  The  spoi’ozoites  thus  set  free  are 
minute  spindle-shaped  bodies,  each  actively  motile.  They  are  carried 
along  in  the  blood  fluid,  but  ultimately  pass  into  the  salivary  glands,  and 
penetrate  the  secreting  cells,  Avhich  may  be  filled  by  them.  When  the 
mosquito  next  takes  a feed  of  blood,  the  sporozoites  in  the  salivary  gland 
pass  doAvn  the  proboscis  into  the  blood  of  the  vertebrate  host,  in  Avhich,  if 
of  the  kind  suited  for  the  development  of  the  parasite,  they  start  a fresh 
endogenous  cycle  of  generations. 

The  entire  exogenous  cycle  in  the  body  of  the  mosquito  lasts  some 
ten  or  tAA^elve  days,  so  that  the  mosquito  is  not  infectious  until  its  thiixl 
or  fourth  meal  after  that  at  Avhich  it  acquired  the  infection.  jMcntion  must 
be  made  of  the  so-called  “black  .spores”  frequently  .seen  in  infected 
mosquitos,  apparently  representing  degenerated  cysts  of  the  parasite  in 
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which  a mass  of  iDigment  has  l)een  produced  by  the  aljnormal  activity  of 
the  protoplasm. 

The  human  malarial  jDarasite  is  transmitted  by  a gnat  of  the  genus 
Anopheles ; that  of  birds  {Plasmodium  pi'Ct’co-':)  by  a gnat  of  the  genus 
Cnle.i'.  The  intermediaiy  for  the  parasites  of  monkeys  {P.  hochi)  is  as  yet 
unknown,  and  the  same  applies  to  the  similar  parasites  described  in 
bats. 

(2)  lI(emogrei)ariiia  Danilewsky  (including  Ikniilewshya  Labbe,  Kari/ob/sus 
Labbe,  Drejianidium  Laukester,  Lankesterella  Lablj^,  Dactylosoma  Labb6) 
comprises  a number  of  forms  parasitic  chiefly  in  cold-blooded  •vertebrates. 
The  body  of  the  parasite  is  not  amoeboid,  but  of  definite  form,  which  is 
typically  that  of  a minute  vermicule  or  gregarinoid  individual,  actively 
motile  Avhen  set  free  from  the  corpuscle.  Its  cytoplasm  does  not  contain 
melanin-pigment  at  any  stage.  Endogenous  reproduction  is  usually  by 
schizogony,  sometimes  simply  by  fission. 

Various  generic  subdivisions  of  the  Hsemogregariues  have  been 
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Fig.  4').— Plasmodium  praicox  in  tlie  blooi]-corpuscle.s  of  binls.  a,  youiif; ; h ami  c,  older  tropliozoite.s  ; 
d and  e,  sporulation,  shewing  variations  in  numbers  of  nierdzoites  formed  ; /,  gametocvte ; N, 
nucleus  of  blood-corpuscle  ; nncleu.s  of  parasite  ; «,  pigment ; iii:,  merozoites  ; r.p,  ‘residual 
j)rntoplasm.  Alter  habbe,  xl'-'OO. 


proposed,  based  on  the  relative  proportions  of  the  parasite  and  the  blood- 
corpuscle  it  attacks.  Thus,  in  Lankesterella  (Drepanidiuni)  the  parasites 
are  minute,  not  more  than  three-fourths  the  length  of  the  corpuscle  (Fig. 
46) ; in  Karyolysus  the  jiarasite  does  not  exceed  the  blood-corpuscle  in 
length,  and  the  known  species  of  this  genus,  of  which  K.  lacertarum 
Danil.  is  the  type,  are  further  remarkable  for  causing  the  nucleus  of  the 
corpuscle  to  become  broken  up  and  destroyed  (Fig.  47);  in  the  genus 
llannoyreyarina  sensu  strictiori  the  vermicule  exceeds  the  corpuscle  in  length 
and  is  doubled  up  within  it  like  a U or  V (Fig.  48).  Such  difierences  can 
hardly  be  regarded  as  of  generic  importance,  and  it  is  best,  for  the 
present  at  least,  to  regard  all  the  Inemogregariiies  as  belonging  to  a 
single  genus. 

Till  f[uite  recently  hfemogregarines  ^ were  believed  to  be  confined  to 
cold-blooded  vertebrates,  a number  of  forms  being  known  fi-om  fishes, 
amphibia,  and  reptiles.  The  best  known  of  these  are  H<vmogregarina 
ranarmi  (Drepaniditm  ranarum  Lankester,  Lankesterella  mimina  Auct.)  from 
the  frog,  IL  (Karyolysus)  lacertarum  Danil.  from  lizards,  and  II.  stepamnoi 

’ .\  list  complete  to  (late  of  the  known  species  of  luemogregarines  is  given  by  Laveran 
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L)anil.  from  tortoises  {Emijs  lufaria  Cistudo  citropcm).  Kecently,  however, 


Fk..  H<.—H(''mnt\re<jwnna  raiiarum  I-niik.  in  tin'  l)loo(l-eori)nscIes  of  tli«  fro^-  «,  young  stages ; h. 
full-gi’own  trojiliozoite ; i--/,  scliizogony  ; ni.:,  nicrozoitn  ; n,  luicleus  of  parasite;  N,  nucleus  of 
t)loo<l-corimsclf  ; tr,  trophozoite;  r.p,  residual  protoplasm.  From  Mincliin,  after  Hintze. 


se^■eral  species  have  been  described  from  mammals.  Such  are  Hamio- 
f/reffarimi  gerhilli  Christojihers  from  an  Indian  rat,  Gnhillus  hidicus ; 


Fit).  17. — Hmnmirrftari lie.  (A'ti/v/eii/.'iis)  Inn-rfanim  Danil.  in  the  hlood-corpuscle.s  of  the  liz.ard  Lncerla 
muralif,  sliewing  the  manner  in  whicli  tlie  nucleus  (N)  of  the  eorjiu.scle  hecomes  liroken  up. 
II,  nucleus  of  the  |iarasite.  From  Minchin,  tifter  Marceau. 

If.  jacidi  Balfour  (If.  halfouri  Laveran)  from  the  jerboa  ■,  and  the  peculiar 
parasite  discovered  by  Bentley  in  dogs  and  described  by  James  under  the 
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name  Lcucociitozohn  ccinis.  The  last-named  parasite  diflei's  from  the  to  pical 
haiinogregarines  in  being  a parasite  of  the  leuooc3’tes.  As  such  it  lecalls 
the  Lcucocytozouii' (InnilewAkyi  Ziemannand  Hcemanioiba  ziemanni  Laveran, 
both  from  birds.  The  last-named  is  stated  by  Schaudinn  to  be  a stage  in 
a Sj)iroc/ui'la  (see  p.  43),  and  the  leucocytozobn  of  the  dog  mav’  prove 
similarly'  not  to  be  a true  hajmogregarine.  A similar  parasite  h.as  been 
observed  Iiy  Balfour  in  the  leucocytes  of  decumanv^.  The  signifi- 
cance and  systematic  position  of  the  leucocytozoa  of  birds  and  mammals 
are  not  at  all  clear  at  the  present  time.  A human  htemogregarine  has  not 
3"ot  been  discovered. 

The  haemogregarines  of  waian-blooded  vertebrates  ai)pcar  in  some 
cases  to  remain  intracorpuscular  so  long  as  they  are  in  the  blood  of  the 


Fig.  ■iS.—lhniuigrcriarina  sh'panoiui  Diiuil.  in  the  blood-coi'puscle.s  of  tortoises,  n,  h,  young  trophozoites  ; 
e,  full-grown  ti'opliozoite  ; il,  e,  tlie  same  free  in  tlie  biooii-plasma  ; /-i,  to  shew  the  structure  of  the 
nucleus  and  tlie  manner  in  which  the  vermicide  form  arises ; j,  sporulation.  from  Minchin,  a c 
and  j after  Laveran,  f-i  after  Bdrner,  x lOOU-1‘200  liiameters. 

host,  only  quitting  the  corpuscle  and  becoming  motile  tvheu  transferred 
to  the  invertebrate  host,  or  when  the  blood  is  kept  for  some  time  in  citro. 
On  tlie  other  hand  the  haemogregarines  of  cold-blooded  animals  frequentlv’^ 
quit  the  corpuscle  and  become  free  for  a time  in  the  blood-plasma,  iifter 
which  they  may  penetrate  a blood-corpuscle  again.  Free  stages  appear 
to  alternate  in  this  way  with  intracorpuscular  stages  in  a normal  sequence. 
The  free  vei'micules  move  forwards  b\’  means  of  glifling  movements  of  the 
kind  commonly  observed  in  gregarines  and  gregarinoid  individuals  gener- 
ally. In  Ha’inogregarina  mimUlis,  a parasite  of  a snake  Trojndonoiiis 
piscator,  Castellani  and  Willey  describe  the  intracorpuscular  parasite  as 
enveloped  in  a c;ipsule  or  membrane,  which  it  leaves  behind  in  the 
corpuscle  when  it  emerges  into  the  blood-plasma. 

The  invertebrate  host  is  known  in  but  a few  instances  and  was  first 
discovered  by  Siegel  (79)  for  Hceinogrcgarina  stepanowi.  In  the  forms 
panisitic  on  aquatic  vertebrates,  such  as  fishes,  frogs,  tortoises,  it  appears 
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to  be  usually  a leech.  In  the  case  of  terrestrial  vertebrates  transmission 
is  perhaps  effected  always  by  an  arthropotl.  Schaudinu  found  the 
invertebrate  host  of  Kari/olysus  lacertanm  to  be  a tick,  Ixodes  riciiius. 
Christophers  found  the  sporogony  of  Jleemogref/arina  gerbilli  in  a louse, 
Haiiiaiopinus  stejdiensi.  It  is  highly  probable  that  an  iuterinediate  host 
occurs  ill  all  cases,  and  that  the  resistant  cysts  described  by  fliiitze  for 
11.  ninanun  in  the  gut  of  the  frog,  were  in  realit}’  the  cysts  of  a coccidian 
and  do  not  belong  to  the  life-cycle  of  the  Inemogregarine. 

In  JIrmogregaritia  steponoivi  (Fig.  48)  of  tortoises  the  parasite  occurs  in 
two  forms,  one  bean-shaped,  the  other  slender  and  snake-like.  The  former 
arc  schizonts  and  multiply  non-sexually  in  the  tortoise  to  form  merozoites, 
but  undergo  no  further  development  in  the  leech.  The  snake-like  forms 
are  sporonts,  which  in  the  leech  escape  from  the  corpuscles,  and  produce 
gametes  in  the  spaces  between  the  villi  of  the  intestine.  The  minuter 
iletails  of  the  sjiorogony  have  not  been  descrilied,  but  the  microgametes 
are  very  minute.  After  fertilisation  has  taken  jilace  in  the  intestine,  the 
motile  oiikinetes  pass  through  the  wall  into  the  blood-space,  and  are  then 
carried  to  the  heart  and  finally  penetrate  into  the  lesophageal  glands. 
During  this  jirocess  of  migration  the  nucleus  of  the  ookinete  is  under- 
going multiplication,  and  in  the  salivary  glands  a process  of  sporulatioii 
produces  a vast  numlier  of  sporozoites,  in  the  form  of  minute  spirally- 
twisted  filaments,  which  liecome  free  in  the  lumen  of  the  gland  and  are 
capable  of  infecting  the  tortoise  if  the  leech  sucks  its  blood.  Siegel  found 
the  sporozoites  also  in  the  msophageal  glands  of  immature  emliryos  still 
sulisisting  on  the  yolk  of  the  ovum,  thus  proving  the  existence  of  germina- 
tive  infection. 

Some  intei'csting  observations  on  the  development  of  II.  gerbilli 
in  the  louse  were  made  liy  Christojihcrs  (10),  who  has  not,  however, 
descrilied  the  complete  life-cycle.  The  Inemogregailnes  quit  the  blood- 
corpuscle  in  the  gut  of  the  louse  and  pass  through  the  gut-wall  into  the 
l)ody-cavity.  From  the  analogy  of  the  ])aivasite  described  in  the  foregoing 
paragraph  the  forms  which  pass  through  the  gut- wall  should  bo  oilkinetes 
pi-oduced  by  conjugation  of  gametes  formed  in  the  intestine,  but  this  is 
not  stated  to  occur.  In  the  liody-ca\’ity  the  jiarasite  rounds  itself  off  and 
becomes  a cyst,  which  grows  from  about  10  p.  in  diameter  to  as  much  as 
.3.50  p..  During  the  growth  the  contents  of  the  cyst  become  divided  into 
oval  bodic.s,  which  become  spore  like  structures  containing  six  to  eight 
sausage-shaped  sporozoites.  The  further  development  or  migrations  of 
the  spoi’ozoites  was  not  traced,  but  they  were  found  to  exhibit  active 
movements  of  a peculiar  kind  when  placed  in  the  blood  of  the  Oerbilhis, 
while  the  digestive  juices  of  the  latter  had  no  marked  effect  upon  them. 
It  may  be  reasonably  inferred,  therefore,  that  the  sporozoites  are  in  some 
way  inoculated  by  the  louse  into  the  Gerhillvs  and  start  a fresh  cycle  of 
the  Inemogregarine.  In  the  blood  of  the  GerbiUm  the  parasite  appears  to 
multiply  by  longitudinal  binary  fission.  In  the  case  of  the  hannogregarinc 
of  the  jerboa,  however,  schizogony  takes  the  form  of  multiple  fission  of 
the  usual  type. 
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(3)  Firoplasma  PHtten  (synonyms  Hcematococcus  Babes  ; Babesia  ^ Star- 
covici ; Pyrosoma  Smith  ami  Kill)orne ; Apiosoina  andolleck)  comprises 
a number  of  species  parasitic  in  the  l)lood  of  various  mammals,  but 
not  known  as  yet  in  the  blood  of  vertebrates  belonging  to  other 
classes.  All  the  known  species  exhibit  great  similarity  both  in  morpho- 
logical characters  and  in  biological  relations,  and  are  scarcely  distinguish- 
able except  in  that  they  occur  in  dift'erent  mammalian  hosts.  Nevertheless 
the  species  of  Piroplasma  appear  to  be  greatly  restricted  in  their  occurrence, 
being  each  confined  to  a particular  host,  or  to  a group  of  hosts  belonging 
to  the  same  genus  or  family  of  mammals.  As  a general  rule,  Piroplasma 
is  not  inoculable  into  animals  widely  distinct  from  its  jn'oper  host.  If, 
however,  Wilson  and  Ghowning  (86)  are  right  in  regarding  SpermopJiilus 
cohimbianus  as  the  natural  host  of  P.  hominis,  we  have  an  exception  to 
the  foregoing  statement,  and  also  another  instance  of  a parasite  being 
deadly  to  a host  Avhich  is  not  its  proper  one. 

The  diseases  produced  by  these  parasites  in  their  respective  hosts  are 


l''io.  40. — Pirnplama  bigeminvvi  in  llif)  blooil-corpnsctos  of  tlifi  ox.  n-f,  ring-forms  and  tliPir  imilti- 
piication  by  lission  ; (i-j,  ])i“ar-sbappil  form.s  ; I,  doubly  infected  corpu.scles.  l-'rom  Mindiin, 
after  Laveran  and  Xicolle. 


generally  of  very  similar  character,  and  may  be  termed  collectively 
piroplasmoses.  In  their  acute  form  the  chief  .symptom  is  ha?moglobinuria 
consequent  upoji  rapid  destruction  of  blood-corpuscles.  The  invertebrate 
host  has  been  found  to  be,  without  exception,  some  species  of  tick. 

The  best  known  and  earlie.st  discovered  species  are  those  which  infest 
cattle,  and  produce  in  these  animals  a disease  known  b}*  the  gi'eat  vai'iety 
of  local  names.  In  America  the  di.sease  is  known  as  Texas  fcA'er  or 
southern  cattle  fever,  and  the  parasite  was  given  the  specific  name  hiyerninam 
(Fig.  49)  by  Smith  and  Kilborne,  whose  memoir  (81)  marked  an  epoch 
in  the  literature  of  parasitic  Protozoa,  and  first  establi.shcd  the  nature  of 
the  parasite  and  made  clear  the  etiidogy  of  the  disease.  In  Europe  the 
parasite  causing  hajmogloViinuria  of  cattle  was  given  by  Babes  the 
specific  name  bovis.  It  is  not  possilde  to  state  definitely  at  present 
whether  bovis  and  higeminvin  are  to  be  raidced  as  synonyms  or  as  names 
applying  to  distinct  species,  though  the  former  opinion  is  the  one  most 
generally  held.  It  has  been  clearly  shewn,  however,  that  a distinct 

* The  name  Bubesia  has  priority  over  Piroplasma  ami  is  the  zoologically  correct  name 
of  the  genus  ; .see  Minchiii  (.63,  p.  269)  and  Luhe  (46). 
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species,  to  which  Theiler  has  given  the  name  1\  jhirnm,  is  the  cause  of 
the  fever  of  cattle  on  the  East  Coast  of  Africa,  otherwise  known  as  Kho- 
desian  redwater,  and  occurring  also  in  Transcaucasia,  where  it  is  known 
as  tropical  bovine  piroplasmosis.  F.  parnnn  can  be  distinguished  from 
the  ordinary  form  of  higeminum  both  morphologically  and  also  because 
oxen  immune  to  the  latter  can  be  inoculated  with  the  former.  Other 
species  of  Piroplasina  are  F.  ont<  (Starcovici) ; F.  eipd  (Laveran) ; F.  amis 
I’iana  and  Galli  Valerio,  and  F.  imiris  Eantham.  An  unnamed  species 
parasitic  on  monkeys  {Cercogntliecus)  has  been  described  by  P.  H.  Koss(72). 
r^east  satisfactorily  known  of  all  are  the  species  alleged  to  attack  man. 
According  to  Wilson  and  Chowning  a Firoplasma  to  which  Manson  has 
given  the  name  F.  hominis  is  the  cause  of  the  so-called  “ spotted  fever  ” 
or  “ tick  fever  ” of  the  Rocky  ^lountains.  As  stated  above,  the 
Leishman-Donovan  l)odies  are  referred  by  some  authorities  to  the  genus 
Finplasma,  but  perhaps  incorrectly. 

In  the  blood  of  the  mammalian  host  the  parasite  is  found  in  a 
number  of  difterent  forms,  of  which  the  relation  to  one  anothei’,  and  their 
place  in  the  general  life-cycle  of  the  parasite,  is  not  at  all  clear.  IVIost 
characteristic  are  the  pear-shaped  forms  (Fig.  49,  g-j),  from  which  the 
parasite  was  originally  named  Fyrosoma  by  Smith  and  Kilborne,  a name, 
however,  long  preoccupied  for  a genus  of  ascidians  and  hence  sujjersecled 
by  Firoplasma.  The  pear-shaped  forms  vary  considerably  in  size,  and  can 
generally  be  distinguished  as  small  foi’ms,  1 or  1 ‘5  /x  in  length,  and  large 
forms  2-3  /x  or  more  in  length.  In  F.  higeminum  they  range  from  1-3  /x  in 
length,  in  F.  canis  they  are  slightly  larger  and  maj'  occasionally  reach 
4 or  o II  in  length.  The  greatest  breadth  is  about  one-third,  or  slightl}" 
less  than  the  length.  The  cytoplasm  appears  denser  towards  the 
periphery,  and  clear,  or  even  vacuolated,  towards  the  centre.  The 
nucleus  is  lodged  at  the  broad  end  of  the  body  and  appears  as  a compact 
mass  of  chromatin,  varying  from  '2  to  '6  or  '8  /x  in  diameter,  round 
which  a clear  halo  can  often  be  seen.  This  appearance  is  regaided  by 
some  authors  as  representing  a vesicular  nucleus,  and  hence  the  central 
chromatin  mass  is  often  .spoken  of  as  a karyosome.  Except  as  a pre- 
paration to  division,  the  nucleus  appears  single ; but,  according  to  Liihe, 
a second  chromatic  body  is  always  present,  but  is  very  minute,  so  that 
it  has  hitherto  been  overlooked,  and  is  usually  situated  near  the  pointed 
end  of  the  body. 

The  pear-shaped  parasites  occur  singly  or  in  greater  numbers  inside 
the  Idood-corpuscles.  In  F.  canis  the  number  of  paiusitcs  in  a single 
corpuscle  may  be  twelve  or  sixteen,  disposed  quite  irregularly  (Fig.  54). 
A common  arrangement  is  for  the  parasites  to  l)e  in  pairs,  those  of  each 
pair  often  being  connected  at  their  pointed  ends  by  a delicate  filament 
of  protoplasm,  indicating  multiplication  by  fission  not  quite  completed. 
The  twin  arrangement  is  especially  frequent  in  the  bovine  Firoplasimu 
which  has  hence  received  the  specific  name  of  bigemimnn  Smith  and 
Killxorne.  Another  characteristic  pattern  is  that  in  which  four  pear- 
shaped  parasites  are  connected  by  their  narrow  ends,  forming  a cross. 
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Koch  (35)  considers  this  a morphological  character  of  specific  importance 
l;»y  wliich  the  parasite  of  African  coast  fever  of  cattle  can  be  separated 
from  the  trne  V.  higerniiiuni,  and  liy  which  also  two  species  of  equine 
Piroplasinafa  can  be  distinguished. 

Tlie  pear-shaped  i)arasites,  though  generally  of  (juite  definite  form, 
may  in  some  circumstances  become  veiy  irregular  in  form,  throwing  out 
j)seudoi)odi;d  processes  from  various  j)arts  of  tlie  body.  There  not 
infre(piently  appears  to  be  the  foianation  of  a single  long  pseudopodium 
from  the  narrow  end  of  the  1>ody  (Fig.  52  A-C).  The  significance  of  this 
will  be  discussed  2)resently. 

Another  form  of  the  parasite  is  the  spherical  or  ring  form  (Fig.  49, 
a-e),  in  Avhich  the  centre  of  the  body  appears  A'acuolated,  recalling  the 


D 


l-'iCi.  .'iO.— .yn,  l'irnp!aam«  hUjeminnm.,  forms  from  tlie  blood  of  immune  oxen.  E-TI,  P.  pnrvum  in  the 
blood-eoi’iiuscles  of  an  ox  suflbring  from  African  East  Coast  Fever.  After  Tlieilor. 


ring  form  of  tlie  malarial  parasite,  and  the  chromatin  mass  is  generally 
placed  (juite  at  the  periphery  of  the  body,  often  projecting  from  it,  or 
appearing  almost  as  if  detached  from  it. 

A third  form  freijuently  found  is  the  so-called  bacillary  form  (Fig.  .50),  in 
which  the  body  is  I'od-shajied,  with  the  chromatin  mass  at  one  extremity. 
Pirophisnuc  parnna  Theilei',  is  characterised  by  appealing  in  the  form  of 
lings  and  rods,  and  never  as  the  tyjiical  pear-shajied  bodies.  1*.  higemiii'iun 
may,  however,  also  appear  in  this  form,  as  described  below.  The 
liacillary  form  is  perhaps  to  be  regarded  as  a modification  of  the  pear- 
shajied  body.  Finally,  some  authors  describe  coccus-like  forms,  Avhich 
were  found  by  .Smith  and  Kilborne  in  mild  cases  of  Texas  feA^er,  but 
some  doubt  is  perhaps  permissible  as  to  Avhether  these  forms  really  belong 
to  the  cycle  of  the  jiarasite. 

All  the  al)ove-d escribed  forms  of  the  parasit(‘  are  inti-acorimscular  in 
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h:ibit;xt.  Free  forms  also  occur  in  the  blood,  as  a result  of  the  dis- 
integration of  corpuscles  destroyed  by  the  parasite.  In  V.  ranis  free 
parasites  are  found  sometimes  in  groups  similar  to  those  seen  in  the 
corpuscles.  Among  the  free  forms  a specially  noteworthy  type  is  the 
so-called  flagellate  form  described  by  Bowhill  and  Le  I)ou.\  (7)  in  ]’.  amis 
and  1\  Ions,  and  by  Bowhill  (6)  in  J\  equi.  In  this  form  of  the  parasite 


Fiii.  51.— So-called  flagellated  forms  of  I'iroplasma.  A,  two  parasites  in  a corpuscle  (P.  equi);  B,  a 
])ara.site  issuing  from  a corpuscle  (/’.  equi)-.  C and  U,  parasites  free  in  the  blood  (/’.  cuiiis  and 
P.  bovis  respectively).  Urawn  from  pliotomicrogiaphs  given  by  Bowhill  and  Le  L)oux. 

a long,  slender  filament  issues  from  the  pointed  end  of  the  jiear-shaped 
body  (Fig.  51,  C,  D).  The  filament  is  several  times  the  length  of  the 
body;  it  runs  an  undulating  course;  and  it  is  terminated  by  a bullions 
enlargement,  and  may  have  one  or  two  similar  enlargements  along  it. 
From  the  last-mentioned  peculiarity  it  seems  clear  that  the  filament  is 
not  a flagellum  in  the  true  sense  of  the  word,  and  it  may  be  compared 
with  the  long,  slender  pseudopodial  process  seen  in  the  intracorpuscular 
forms,  as  described  above.  In  one  instance  Bowhill  (G,  p.  10)  observed  a 
parasite  with  the  pear-shaped  body  lodged  in  a corpuscle  and  the 
so-called  flagellum  passing  out  of  it.  I suggest  that  the  “flagellum”  is 
probably  to  be  interpreted  as  a pseudopodium,  by  means  of  which  the 
parasite  may  cpiit  a corpuscle,  and  by  means  of  which  it  may,  when  free, 
attack  and  enter  another  corpuscle.  It  is  not  possible,  however,  to  give 


Fio.  .52. — Piroplasma  canis.  A.  B.  C,  para.sitfis  in  Iflood-eoi'im.sclc.s  of  the.  dog,  eacli  slicwing  a long' 
pseudopodial  i)roccss  ; D and  E,  sui>pose>d  gamntocytes.  After  Nuttall  and  Orabam-Smitb. 


a final  judgment  upon  this  point  until  the  so-called  flagellum  has  been 
seen  and  studied  in  the  living  condition.  Nuttall  and  Graham-Smith 
(58)  describe  free,  sausage-shaped  forms  of  /'.  ra7iis,  which  they  consider 
possibly  to  represent  gametocytes  (Fig.  52, 1),  E).  Various  forms  have  been 
interpreted  in  this  sense  by  different  authors,  but  in  no  case  has  the 
correctne.ss  of  the  inter])retation  been  ])roved.  It  was  suggested  by 
Doflein  that  the  pear-shaped  forms  might  rejn-esent  gametocytes,  and  the 
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spherical  forms  schizonts.  The  observations  of  Koch  (35),  described 
below,  give  some  support  to  the  first  of  these  two  suppositions. 

The  endogenous  midtiplication  of  the  parasites  appears  to  take  place 
always  by  binary  fission,  which  in  the  pear-shaped  forms  is  longitudinal 


Fio.  ')3. — Afultiple  fission  of  IHrnphi'sma  eriui.  A and  B,  cross-forms  ; 0 and  D,  fission.  A and  B 

after  Bowliill,  C and  1)  after  I.averan. 


in  direction.  The  cross-forms  mentioned  above,  however,  maj'^  owe  their 
origin  either  to  simultaneous  nudtiple  fission  into  four,  such  as  Laverau 
has  described  in  P.  equi  (Fig.  53,  C,  D),  or  to  two  rapid  successive  binary 
fissioits.  Smith  and  Kilborne  found  the  percenbige  of  infected  corpuscles 
very  much  greater  in  the  capillaries  of  tlie  heart-muscle  and  in  some  of 
the  internal  organs,  especially  the  kidneys,  indicating  a more  rapid  multi- 
plication of  the  parasites  in  these  parts. 

Theilcr  (83)  has  made  some  interesting  observations  on  the  latent 
form  of  P.  higpMinum  in  the  immune  ox  (Fig.  50,  A-D).  'When  an  o.x 
has  recovered  from  an  attack  of  piroplasmosis  it  remains  immune  against 
further  infection  or  inoculation  by  the  same  species  of  parasite.  Never- 
theless the  ])arasite  remains  in  the 
blood,  as  proved,  first,  by  the  fact  that 
the  animal  is  liable  to  a relapse  ; 
secondly,  by  the  fact  that  the  blood 
of  immune  ox  injected  into  a suscep- 
tible animal  causes  the  typical  pear- 
shaped  Piroplama  to  appear  in  the 
latter  and  brings  on  an  attack  of  the 
disease.  In  the  immune  ox  J\ 
higeminum  is  present  in  the  blood  as 
bacillary  and  ring-like  intracorpuscular 
forms,  very  similar,  though  in 
reality  quite  distinct  from  the  form  under  which  P.  parvum  appears  (Fig. 
50,  E-H). 


Fio.  f)4. — A and  B,  Piroplasma  co.nU,  nnrriKrou.s 
])iirasiti‘s  in  filood  - corpii.srlea  of  th('  do.u. 
Afti-r  Xuttnil  and  (iraliain-Smitti. 


As  stated  above,  the  invertebrate  host  of  every  species  of  PiroqPisma 
hitherto  investigated  has  proved  to  be  a tick.  A given  species  of 
Piroplasma  may  be  transmitted  by  more  than  one  species  of  tick,  in  the 
same  or  different  parts  of  the  world. 

The  only  observations  upon  the  development  of  Piroplasma  within 
the  tick  are  those  of  Koch  (35),  whose  statements  and  descriptions  are 
difficult  to  interpret.  Koch  studied  the  development  of  P.  higemimim 
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(Smith  and  Kilborne)  and  of  the  parasite  of  bovine  east  coast  fever 
(/’.  parruin).  The  stages  seen  were  for  the  most  part  similar  in  the  two 
cases,  only  rather  smaller  in  the  second  of  the  two  parasites  mentioned. 
'NMien  taken  np  by  the  tick  the 
pear-shaped  parasite  leaves  the 
blood-corpuscle  after  its  chro- 
matin mass  has  divided  into 
two.  The  parasite  becomes 
elongated,  and  one  chromatin 
mass  places  itself  at  the 
“anterior”  end,  by  which  is 
meant,  apparently,  the  blunt 
end  of  the  pear-shaped  parasite, 
where  it  forms  a deepl}' 
staining  point  or  apex  pro- 
jecting sharplj'  forward.  The 
other  chromatin  mas.s  remains 
in  the  middle  of  the  body. 

Next,  ray -like  processes  arise 
near  the  apex,  first  two  or 
three,  then  more.  These  form 
a star-like  figure  surrounding 
the  apical  chromatin  mass  (Fig. 
b."),  B).  It  is  not  clear  whether 
these  processes  are  to  be  re- 
garded as  flagella  or  as  pseudo- 
podia. In  favour  of  the  former  interpretation  would  be  their  origin  from 
a mass  of  chromatin,  but  their  stiff,  sharp  form,  tapering  gradually  from 
their  base  to  a sharp  point,  and  their  irregular  arrangement  make  it 
more  probable  that  they  are  to  be  regarded  either  as  pseudopodia  or 
pei-haps  as  cuticnlar  spikes.  Parasites  of  this  form  tend  to  form 
groups,  and  from  the  second  day  onwards  they  are  frequently  to  be 
found  fusing  in  couples  by  their  posterior  ends,  giving  rise  to  bodies 
in  which  a star  of  radiating  processes  arise  from  each  end  of  the  body 
(Fig.  yb,  C).  This  stage  is  succeeded  by  one  in  which  the  body  is 
spherical,  containing  chromatin  attached  in  patches  to  the  interior  of  the 
limiting  membrane,  and  with  a spike  of  chromatin  at  the  periphery 
(Fig.  by,  I)).  Sitch  forms  are  derived  apparently  from  zygotes  Avhich 
have  lost  their  radiating  processes  and  become  rounded  off.  These  bodies 
appear  to  be  succeeded  by  elongated,  oval,  or  pear-shaped  forms  with  a 
fairly  large  nucleus  of  similar  consistence,  which  are  probably  transitional 
to  the  pear-shaped  forms,  each  three  or  four  times  the  size  of  a 
Piroplfi.vna  in  the  blood,  occurring  in  the  eggs  of  infected  ticks  (Fig.  bb, 
E,  F).  The  transition  from  the  last-named  to  the  Pirnplasma  of  the  ox 
has  not  been  traced. 

(4)  llaUmdinm  Labbe  (synonym  Ilcmoproteus  Ki'use).  This  well- 
known  parasite  of  birds  is  generally  included  amongst  the  malai’ial 


Fict.  55. — Stages  in  the  development  of  l‘iro2^1axma 
higemiiuim  in  the  tick.  A,  division  of  the  miclens 
(fi,  C-)  in  tlie  twin  intraeorpuscnlar  parasites : B, 
free  clnb-shaped  forms  witli  radiating  proces.ses ; 
C,  apparent  conjugation  of  two  forms  like  B;  1), 
rounded  form  witli  a <ieeply  staining  spike  at  one 
point ; E,  jiear-shaped  form  ; F,  large  pear-sliaped 
form  found  in  tlie  egg  of  tlie.  tick.  After  Kocli. 
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parasites,  though  considered  by  most  authors  gerierically  distinct  from 
the  forms  included  under  Plusinodium  ( = Jlcemamceha) ; but  the  rece?it 
researches  of  Schaudinn  (75)  on  the  life-history  of  llaltevidiuni,  if  the 
facts  are  as  alleged  by  him,  throw  quite  a new  light  on  the  affinities  of 
this  form.  lluUeriduirii  resemldes  Plasmodium  in  producing  melanin- 
pigment,  but  uidike  the  latter  it  has  a more  or  less  definite  shape  and  is 
\ ery  slightly  amteboid.  It  is  easy  to  distinguish  Halteridiim  (Fig.  56)  by 
mor[)hological  characters  from  Plasmodium 'pnecox  (F\g.  45)  occurring  with 
it  in  birds.  While  the  Plasmodium  occupies  nearly  the  centre  of  the 
corpuscle  as  a more  or  less  compact  amceboid  body  which  dis]fiaces  the 
nucleus,  the  Halleridium  remains  to  one  .side  of  the  nucleus  which  is  not 
displaced,  but  the  parasite  grows  round  it  like  a halter,  hence  the  generic 


a.  b.  c.  d.  c.  f. 


g.  h.  i.  j.  k 1 


Fki.  5C. — Iliiltcriiiiitm  thnxUewakyi  Kniso,  in  tlie  blooii-corimscles  of  v.nrioiis  birds.  « and  V.  yoniif; 
trojiliozoites ; r,  female;  d,  Tiiale  f'ametof'yte  ; c,  both  in  one  coi'imsc.le ; /,  female  ^cami>ioc‘yte 
throwing  out  ])sendo])c)ilia  ; q-l,  scliizof'ony  ; «,  nncdens  of  ]>ara.site  ; N',  of  eorjni-scle  ; •p.g,  iji-annle.s 
of  melanin-iiigment : r.p,  residual  i>rotoi>lasm  ; vn.z,  merozoites.  From  Jlincliin  ; a-f  after  Laveran. 
g-l  aftt>r  Labile. 

name  which  it  bears,  llalteridinm,  as  such,  is  an  exclusively  intracor- 
jmscular  parasite,  Imt  as  described  above,  it  is  stated  by  Schaudinn  to 
become  free  in  the  blood  as  a Trypanosoma,  of  which  it  should  be  regarded 
merely  as  the  re.sting  stage  (Fig.  8).  Labbe  described  a pi’ocess  of  sporu- 
lation  in  llalteridinm  which  has  not  been  seen  by  subsequent  investigators 
(Fig.  8,  (i-l).  The  invertebrate  host,  according  to  Schaudinn,  is  a Culex. 
It  was  in  Halteridium  that  IMacCallum  first  observed  the  fertilisation,  and 
demonstrated  that  the  so-called  flagella  of  malarial  parasites  were  really 
microgametes.  According  to  Schaudinn,  MacCallum’s  observations  were 
substantially  correct,  but  he  did  not  notice  the  minuter  details  of  structure 
(undulating  membrane,  etc.)  in  the  microgametes. 

(rKNKRAL  Ukj[ahks  ON  THE  H^hmosporidia. — The  fore^oins  de.scrin- 
tion  of  the  four  generic  types  of  Hfemosporidia  bears  out  the  statement 
made  above  that  they  have  little  in  common.  In  Plasmodbun,  which  is 
the  most  accurately  known,  and  which  may  lie  taken  as  the  type  of  the 
order,  the  entire  development  appears  to  be  modelled,  so  to  speak,  on 
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the  coccidiun  plan,  with  only  sncli  differences  as  can  be  explained  b\- 
adaptation  to  a different  mode  of  life  and  a special  method  of  dissemina- 
tion. In  Ha’mogrerjarina  the  development  is  not  }’et  known  in  all  its 
details,  but  so  far  as  conclusions  can  be  drawn  from  the  recorded 
observations,  there  is  nothing  to  indicate  a separation  from  J’Jasmodhnn 
greater  than  would  be  brought  about  by  placing  the  two  genera  as  types 
of  distinct  families.  The  stages  of  Ha'mogregarina  gcrhilli  described  by 
Christophers  in  the  invertebrate  host  appear  to  be  even  more  coccidian  in 
character  than  the  exogenous  cycle  of  Idasmodium.  On  the  other  hand 
the  whole  life-cycle  of  Piroplusma  differs,  so  far  as  can  be  judged  at  present, 
in  all  stages  from  riaamodium,  and  bears  no  obvious  affinity  to  that  of  an}" 
known  type  amongst  the  Telosporidia.  Piroplasma  must  l)e  considered  at 
present,  as  a genus  entirely  apart,  of  which  the  affinities  are  not  yet 
established. 

As  regards  Halteiidium  also,  the  life-cycle  described  by  Schaudinn 
does  not  permit  of  any  comparison  with  that  of  Plasmodium,  and  suggests 
that  the  former  genus  has  been  erroneously  referred  to  the  Hfemosporidia. 
On  this  point  it  is  necessary  to  suspend  judgment  until  Schaudinn’s 
statements  have  received  adequate  confirmation.  Billet  asserts,  how- 
ever, that  a species  of  Lankesterella  (Hcemogregarlna)  occurring  in  Algerian 
frogs  is  a stage  in  the  life-cycle  of  Trgjmnosoma  inopinatum  occurring  in 
the  same  host.  These  facts  have  led  many  authorities  to  consider  the 
Htemosporidia  and  Htemoflagellates  to  be  very  closely  allied,  and  Liihe 
considers  that  these  two  groups  form  “ not  merely  a biological  but  a 
systematic  unity.”  Even  assuming,  however,  the  perfect  correctness  of 
the  statements  made  by  Schaudinn  with  regard  to  the  life-cycle  of 
llalferidiinn,  and  of  Billet  with  regard  to  Lankesterella,  it  seems  to  me 
not  justifiable  in  the  present  state  of  knowledge  to  regard  the  Hremo- 
sporidia  and  the  Hsemoflagellates  as  a single  natural  group,  in  view  of 
the  close  resemblance  of  the  life-cycles  of  the  malarial  parasites  and  the 
coccidia,  a resemblance  which  was  clearly  established  by  Schaudinn,  and 
which  led  Mesnil  to  go  so  far  as  to  classify  the  malarial  parasites  as  a sub- 
di\  ision  of  the  coccidia.  The  tendency  of  recent  researches  would  seem 
rather  to  indicate  that  the  Hjemosporidia  so-called  are  not  a natural  group, 
and  that  many  forms  referred  to  it  are,  like  the  Leishman- Donovan 
bodies,  merely  resting  stages  in  the  life-cycle  of  Flagellata. 

Sub-class  II. — Neospemidia. — Sporozoa  in  which  spore-formation  gener- 
ally commences  and  proceeds  during  the  trophic  phase  of  the  parasite, 
trophozoites  hence  multinucleate ; spore  - mother- cells  foi’incd  in  the 
interior  of  the  body  of  the  parasite  (hence  Endospordes  Metchnikoff) ; 
swarm-spore  usually  an  amoebula. 

The  foregoing  definition  may  be  taken  as  indicating  in  a general  way 
the  distinctive  characters  of  the  Neosporidia  as  compared  with  the 
Telosporidia,  but  like  all  hard  and  fast  definitions  of  systematic  grou])s, 
it  may  require,  as  will  be  seen,  certain  modification  of  detail  in  its 
application  to  particular  cases ; especially  as  regards  the  first  character, 
namely  spore-formation  during  the  trophic  phase. 
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The  Neosporidia  comprise  five  oi'ders,  the  ]\Iyxosporidia,  Actino- 
myxidia,  Microsporidia,  Sarcosj^oridia,  and  llaplosporiclia.  By  many 
authorities  the  order  Myxosporidia  is  used  in  a uider  sense,  to  include 
the  IMicrosporidia,  and  the  whole  order  is  then  divided  into  two  sul)- 
orders,  I’liffnocystes  and  Ciyptocystes  ; the  former  are  the  j\I}'xosporidia 
in  the  strict  sense,  the  latter  are  the  Microsporidia.  Hence  in  using  the 
name  Myxosporitlia  it  is  necessary  to  understand  clearly  whether  it  is 
used  in  the  wider  or  in  the  narrower  sense.  In  the  present  article  it 
will  be  employed  in  the  latter  manner,  and  the  Micros2)oridia  will  be 
treated  as  a distinct  order. 

Order  I. — Mi/xosj/oiidia  sens,  strict. — The  trophozoite  is  ammboid  and 
Khizopoddike  ; the  spores  are  relatively  large  and  bilaterally  symmetrical, 
and  have  two  or  four  “ polar  capsules,”  which  are  plaiidy  visible  in  the 
fresh  condition  of  the  spore  (hence  Phsenocystes  Tlu'dohan). 

d'he  numerous  forms  comprised  in  this  order  are  for  the  most  part, 
though  not  exclusively,  parasites  of  fishes,  whence  they  are  commonly 
termed  “ fish-2)sorosperms  ” in  older  works,  a term  aj^iolied  more  2)articu- 
larly  to  their  conspicuous  s{)ores.  They  occur  also  in  amphibia  and 
reptiles,  though  sjDaringly,  but  are  not  known  as  yet  in  any  wai'in- 
blooded  vertebrate.  In  invertebrates  their  occurrence  is  very  exceptional. 

In  the  bodies  of  their  hosts  the  IMyxosporidia  are  either  coelozoic  or 
histozoic  in  habitat.  The  youngest  jjarasites,  however,  in  either  case, 
are  i)robably  of  intracellular  habitat.  The  ccelozoic  foi'ms  are  found 
chiefly  in  the  cavities  of  the  biliary  or  urinary  organs,  that  is  to  say  in 
the  gall-bladder,  bile-ducts,  urinaiy  bladder,  or  kidney  tubules.  No 
S2)ecies  are  known  to  occur  in  the  lumen  of  the  digestive  tract  or  in  the 

general  body-cavity  of  the 
host,  like  gregarines.  In 
the  cavities  in  Avhich  they 
occur  they  may  float  freely, 
attached  by  their 
eudo})odia  to  the  lining 
{)ithelium.  The  hi.stozoic 
forms  occur  as  intercellular 
jjarasites  of  various  tissues, 
esjiecially  of  connecti\'e  or 
muscular  tissue,  sometimes 
also  nervous  tissue.  In 
the  tissue  attacked  by 
them  they  may  be  con- 
centrated at  one  spot 
forming  a cyst  usually 
visible  to  the  naked  eve 
(comijare  Iig.  GI),  or  they  may  occur  in  the  condition  known  as  difl'use 
infiltration  (Fig.  .57),  in  which  the  parasite  and  the  tissue  have  grown 
together  so  intimately  that  microscopic  examination  is  necessary  ii^order 
to  distinguish  them.  Since  the  body  of  the  parasite  very  soon  becomes 


Fig.  .')7.— .Si'otiou  of  tlie  wall  of  tlip  nrinary  blarldpr  of  a tPiicli, 
.siipwiii^  M H.mhnhtu  ellips^idfn  Tlu'il.  {tivjx)  oppurrin^  in  flip 
pimilition  of  dill'iise  iiililt-ration  liptwepii  tin'  immiips  of 
couiipctive  tissiu!  (p.().  From  Mincliin,  aftpr  Thelohan. 
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Fio.  •'jS. — Aina’boid  trojiliozoite  of  ISpha’rnspom  diverge.ns 
Thel.,  ]iarasitic  on  lislies  of  the  genera  Bletinins  and 
(.'renilabrtis.  c,  ectoplasm  ; c»,  endoplasm  ; sp,  spores,  of 
which  live  are  seen.  After  Thelohan,  from  tVasielew.ski, 
X750. 


converted  for  the  most  jiart  into  spores,  sections  of  infected  tissue  shew  it 
to  be  infiltrated  tvith  the  characteristic  “ psorosperms.”  Tlie  tissue- 
infecting  Myxosiforidia  often 
cause  ravaging  eifideinics 
among  freshwater  fish. 

'I'lie  adult,  that  is  to  say, 
s))ore  - forming  trophozoite, 
is  generally  large  and 
anueboid,  tvith  the  liod}'^ 
distinctly  divided  into 
hyaline  ectoplasm 
granular  endoplasm 
08).  The  ectoplasm  is  the 
seat  of  movement,  all 
pseudopodia  taking  origin 
from  it,  and  is 
also  protective  in  function, 
enabling  the  parasite  to 
resist  the  action  of  the 
juices  of  the  host.  Some- 
times the  ectoplasm  is  con- 
verted temporarily  into  a vertically  striated  layer,  as  in  Myxidium 
Ikherkuehdi  of  the  pike  (Fig.  59),  a condition  interesting  for  comparison 
with  the  Sarcosporidia  (see  p.  104).  The  endoplasm  contains,  besides 
granulations  of  divers  kinds,  the  nuclei  and  the  spores,  both  usually 
numerous.  In  some  species,  however,  spores  maj^  be  formed  only  at 
certain  seasons.  For  instance,  in  Myxidium  lieherkuelmii  spores  are 
formed  during  the  warmer  months  of  tlie  year,  and  in  the  winter  the 
parasites  usually  contain  no  spores  but  many  nuclei.  During  this  season 
they  multiply  endogenously  by  sejxiration  off  from  the  body  of  smaller 

grows 

to  its  full  size ; a form  of  ger- 
mination for  which  DoHein  has 
proposed  the  term  plu.wwtomy. 

The  spores  of  Myxosporidia, 
exhibit  very  distinctive  charactei-s, 
both  structural  and  developmental, 
combined  with  the  utmost  valua- 
tion in  foi-rn  and  external  appear- 
ance. The  full}'  - formed  spore 
(Fig.  60)  is  of  fairly  large  size  and 
enclosed  in  a toimh,  I’esistant 
spore-membrane  which  has  the 
form  of  two  valves  meeting  in  a 
suture,  ^^dlen  the  sjiore  germinates 
in  a new  host,  the  envelope  splits  along  the  sutural  line.  Within  the 
membrane  are  contained  the  sporoplasm  and  the  polar  capsules  (Fig.  61). 


masses  of  protoplasm,  each  of  which  contains  several  nuclei,  and 


l-'io.  .lO. — Extremity  of  a trophozoite  of  MyxUIiiim 
lieherkunhvii  from  the  urinary  iiladder  of  the 
pike,  sliewing  (‘ctoplasm  (e)  vertically  .striated 
(at  (■'  e')\  n,  nuclei;  g,  fat-j'lohule.s.  From 
Mincliin,  alter  Thelohan. 
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The  latter  are  pear-shaped  bodies,  two  or  four  in  number,  disposed  in 
various  ways,  but  always  with  the  pointed  end  vertical  to  the  surfaee  of 
the  s|)ore.  Under  the  action  of  certain  stimuli  a delicate  filament  is  shot 
out  of  the  capsule,  after  the  maTiner  of  the  trichocysts  of  Ciliata  or  the 
nematocysts  of  Cadenterata.  The  filament  can  be  seen  as  a coiled  thread 
in  the  undischarged  capside,  giving  it  a striated  appearance.  The  natural 
stimulus  to  the  discharge  of  polar  filaments  is  the  digestive  juice  of  the 
proper  host,  and  the  function  of  the  filaments  is  to  attach  the  spore  to 
the  epithelium  of  its  digestive  tract.  The  sporoplasm  is  a rounded  mass 
of  protoplasm  generally  occupying  about  half  the  interior  of  the  spore. 
It  contains  two  nuclei  and  sometimes  also  a vacuole. 

The  spores  arise  from  spore-mother-cells  or  pansporoblasts  (see  above), 
each  formed  by  a concentration  of  the  protoplasm  I’ound  one  of  the  nuclei 


in  the  endoplasm  of  the  parent  trophozoite  (Fig.  62).  The  pansporoblast 
becomes  surrounded  by  a delicate  envelope  or  pellicle,  and  its  nucleus 
divides  till  ten  or  twelve  nuclei  are  formed,  some  of  which  soon  begin  to 
degenerate.  At  the  same  time  the  pansporoblast  grows  in  size,  and 
when  a limit  of  growth  has  been  reached,  it  divides  within  the  pellicle 
into  two  masses  of  protoplasm,  i-epresenting  two  sporoblasts.  Each 
sporoblast  contains  three  nuclei,  the  remaining  nuclei  of  the  pansporoblast 
having  degenerated  and  l)een  cast  out.  Kound  each  sporoblast  the 
tough  spoi’e  membrane  begins  to  be  secreted,  and  within  the  membrane 
the  ])rotO])lasm  divides  into  three  masses,  one  larger,  two  smaller,  centred 
round  each  of  the  three  nuclei.  The  larger  mass  of  protoplasm  becomes 
the  sporoplasm,  and  its  nucleus  divides  into  two.  The  two  smaller 
masses  of  protoplasm  are  termed  capsulogenous  cells,  and  give  rise  each 
to  a polar  capsule.  In  the  species,  however,  in  which  four  polar  capsules 


Ki 

slimviiif^  nuclei  : ji.c,  polai- 

Ciipsiiles  : H.p.c,  tlieir  nuclei ; 
ii.np,  nuclei  of  .sporopla.sin. 
Krimi  Mincliin,  aftei- Thclohan, 
xisno. 


Fig.  Cl.  — Polar  capsules  of 
Myxoholus  Mipsoitks,  to  shew 
the  ejection  of  the  tilament. 
After  Ualhiani. 
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are  formed  tliere  are  four  capsulogeuous  cells,  five  nuclei  are  present  in 
the  S})orol)last,  and  some  fourteen  or  so  in  the  pansporoblast.  In  a few 
rare  cases  one  of  the  two  polar  capsules  may  be  markedly  smaller  than 
its  fellow,  or  onl}'-  a single  capsule  may  be  formed. 

The  development  of  the  adult  trophozoite  from  the  spore  is  the  part 


Fig.  f)2. — Spore-formation  in  Jlyxosporidia.  a,  ditferentiation  of  tlie  pansporoblast  (p.sp);  h,  c,  d, 
{.Towtli  of  the  pansporoblast  and  miUtiidieation  of  its  nuclei  ; in  c and  d the  protoidasm  in  which 
the  i)ansporobhist  is  embedded  is  not  shewn  ; in  d four  of  the  nuclei  are  degenerating  ; e,  division 
of  tlu!  pansporoblast  into  two  sporoblasts  (sp,  hi),  each  with  three,  miclei  ; r.n,  residual  nuclei ; 
f-h  shew  a single  sporoblast  or  spore  produced  from  it;  /,  the  spore-membrane  (sp.m)  now  formed 
encloses  two  capsulogeuous  cells  (c.g.c),  each  with  a vacuole  (vac)  and  the  sporo])lasm  (.'p.p) ; the 
nuclei  are  not  shewn  ; g,  formation  of  rudiments  of  the  polar  capsules  (r.p.c)  from  the  vacuoles  of 
the  preceding  stage ; h,  complete  spore,  with  two  polar  capsules  (p.c),  each  with  the  remains  of 
the  nucleus  (n.p.r)  of  tlie  capsulogenous  cells,  and  with  sporoplasm  containing  two  nuclei  (n.sp) 
and  an  iodine-staining  vacuole  (iod.vac) ; i,  abnormal  spore  with  numerous  i)olar  capsules.  From 
•Minchin,  after  Thelolian. 


of' the  life-history  lea.st  satisfactorily  known,  as  is  the  case  in  most  other 
sporozoa.  Th^lohans  ingenious  experiments  shewed  that  the  sjiiores, 
when  swallowed  by  the  host,  germinate  in  the  digestive  tract.  First  the 
polar  filaments  are  extruded,  then  the  spore-envelope  splits  open,  and  the 
sporoplasm  creeps  out  as  a binucleate  amcebula.  Attempts  to  bring 


about  infection  in  other  ways  gave  negative  results 
spore-contents  are  normally  liberated  in  the  in- 
testine, it  is  evident  that  in  most  cases  the  amoebiilai 
must  undertake  very  extensive  migrations  in  the 
body  of  the  host  to  reach  the  organs  or  tissues  in 
which  they  occur.  In  the  carp  alter  infection  with 
Mijxoholus  ajiirini,  Dofiein  found,  in  the  epithelial 
cells  of  the  kidney,  minute  amcebiihe  multiplying 
actively  by  fission  (Fig.  63),  and  it  is  probable  that 
the  great  number  of  parasites  often  present  is  due  to 
rapid  endogenous  multiplication  of  minute  swarm- 
spores.  It  may  be  inferred  that  the  first  period  of 
the  life-history  is  one  of  active  multiplication  succeeded 
by  a period  of  growth  during  which  the  numerous 
minute  parasites  cease  to  divide  further,  and  develop 
into  the  adult  spore-forming  trophozoites.  It  is 
that  events  other  than  simple  proliferation  occur  durin 
VOL.  T[. — FT.  II 


If,  however,  the 


Fio.  (13.— Kidiicy-ci'lls  of 
the  carp,  lillcd  witli 
luiinilc  gcnu.s  (my r)  of 
M y xcihnl  II  s cypritii 
multi]ilyiiig  rajiidly. 
V,  nuclei  of  the  kidney- 
cells.  From  Jlinchin, 
after  DoHeiu. 


probable,  however, 
the  early  period 
II 
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of  the  life-history.  The  3'^oungest  trophozoites  observed,  have  a single 
nucleus,  while  the  amcebula  liberated  from  the  spore  is  binucleate.  It  is 
highly  probable  that  some  process  of  conjugation  takes  place  in  the 
early  stages  of  the  development,  comparable  to  the  conjugation  between 
swarm-spores  which  occurs  so  commonly  in  Sarcodina. 

The  MyxosiDoridia  are  divisible  into  two  sub-orders.  In  the  Disporea 
each  trophozoite  forms  but  a single  pansporoblast,  and  therefore  only  two 
spoi’es  ; the  rest  of  the  body  of  the  trophozoite  with  its  nuclei  degenerates 
as  residual  protoplasm.  In  the  Polysporea  each  troi^hozoite  pi'oduces 
numerous  pansporoblasts  and  twice  as  many  spores.  The  Disporea 
includes  two  genera,  Ceratomjixa  Thel.  and  Lepiotheca  Thel.,  the  species  of 
which  inhal)it  for  the  most  part  the  gall-bladder  of  fishes,  but  Leptotheca 
renicola  Th61.  occurs  in  the  kidneys  of  the  common  European  frogs  liami 
esculcnfa  and  li.  temporaria.  The  Polysporea  comprise  numerous  genera 
and  species,  of  which  the  following  are  amongst  the  best  known : — 
Mij.ndiiun,  characterised  by  fusiform  spores  with  a polar-capsule  at  each 
end  ; M.  lieherkuehnii  Biitschli  from  the  urinary  bladder  of  the  pike  is  a 
species  usually  easy  to  ol)tain ; Chloramj/xum  Mingazzini  with  four  polar 
capsules,  type  C.  leydigi  Ming,  from  the  gall-bladder  of  the  dog-fish  and 
other  Elasmobranchs ; and  Mip'oholus  Biitschli,  of  which  numerous  species 
are  found  in  the  connective  tissue  of  the  skin  or  other  organs  of  various 
fishes,  and  are  often  the  cause  of  deadly  epidemics  amongst  them. 

Order  II. — Acfinornpidia. — This  grouj)  was  founded  by  Stoic  to  include 
certain  very  peculiar  parasites,  of  Avhich  tbe  exact  position  in  classification 
has  been  a matter  of  dispute.  In  all  four  genera  are  known  : SynarJino- 
m.y.mi  Stoic,  llexadinomyxon  S.,  Tviadinomyxon  S.,  and  Spharodinomyxon 
Caullery  and  IMesnil ; and  all  the  species  hitherto  discovered  are  parasitic 
on  oligocha3te  Avorms  of  the  family  TuUficuhe.  The  recent  investigations 
of  Caullery  and  Mesnil  (14)  make  it  clear  that  these  parasites  must  rank 
amongst  the  Neosporidia  as  a distinct  order  allied  to  the  Myxosporidia. 
The  tropliozoite  at  the  term  of  its  groAvth  and  deA'elopment  consists  of  a 
binucleate  envelope,  representing  residual  proto])lasm,  containing  eight 
spores.  Each  spore  has  a ternary  symmetiy,  lieing  enclosed  by  an 
envelope  composed  of  three  valves,  and  containing  three  distinct  polar 
capsules.  In  the  first  three  genera  mentioned  above,  the  val\-es  of  the 
spore  are  prolonged  into  tails  or  processes,  but  in  Splia’.mdimimyxon.  the 
spore  is  spherical,  Avithout  any  prolongations.  The  sporoplasm  may  be 
either  a plasmodial  mass  containing  very  numerous  nuclei,  or  may  be 
divided  up  into  a large  number  of  sporozoite-like  bodies.  Caullery  and 
Mesnil  have  slieAvn  that  the  spore-envelopes  ai'e  developed  se])aratcly  from 
their  contents  in  a remarkable  manTier ; the  former  arise  from  a small 
mass  of  protoplasm  containing  six  nuclei,  Avhich  becomes  divided  into  six 
cells,  and  three  of  the  cells  form  the  three  A'alves  of  the  spore,  the  other 
three  the  polar  capsules.  Wlien  the  envelope  is  nearly  complete,  the 
sporoplasm  migrates  into  it.  The  development  of  these  oi-ganisms  sheAvs 
perhaps  the  nearest  apj)roach  to  distinct  tissue-formation  among  any 
Protozoa.  For  further  details,  Avhich  Avould  l)e  out  of  place  here,  the 
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reader  is  referred  to  the  memoir  of  Caullery  and  Mesiiil  (14)  and  the 
authorities  cited  therein. 

Order  III. — Microsporidia. — Trophozoites  more  or  less  distinctly 
amceboid;  spores  minute,  pear-shaped,  with  a single  polar-cai)sulc,  Avhich 
is  not  visible  in  the  fresh  condition  of  the 
spore  (hence  Cryptocystes  Th^lohan). 

The  Microsporidia  are  typically  cell- 
parasites,  which  infest  chiefly  invertebrate 
hosts,  and  especially  arthropods.  The  best- 
known  example  of  the  order  is  Nosema 
lomhi/cis  Niigeli  of  the  silk- worm  disease. 

They  may,  however,  occur  in  other  inverte- 
brates of  various  classes,  and  also  in  fishes, 
but  they  are  not  known  as  yet  in  any 
warm-blooded  vertebrate.^  Fleistojyhm'a 
veriplaneUn  of  the  cockroach  is  exceptional 
in  being,  according  to  Perrin,  an  extra- 
cellular {i.e.  cadozoic)  parasite  occurring 
chiefly  in  the  lumen  of  the  Malpighian 
tubules. 

The  trophozoites  in  this  order  are  of 
two  very  distinct  types.  In  one  type,  that 
of  Thehhania,  Fleistophora  (Fig.  G9),  etc.,  the 
parasites  are  minute  rounded  bodies  of 
microscopic  size,  which  contain  one  or  more  nuclei,  and  occur  within  cells. 
Such  forms  may  reproduce  by  schizogony,  which  can  take  the  form  of 
binary  or  multiple  fission,  or  of  plasmotomy,  and  are  then  termed 
“meronts”  (Fig.  Co) ; or  they  may  proceed  to  spore -formation,  and  are 
then  called  sj^oronts  (Fig.  G6).  There  is  little  to  distinguish  the 
meronts  and  sporonts  of  this  type  from  a Coccidian  or  other  Telosporidian 


Fill.  i>4.  — Tninsver.sp  section  of  <i 
sticklebnck  (GasterostciiK  aculMtnx) 
sliewiii},'  two  cysts  (k,  k)  of  Clnttea 
imomahi  Monicz  in  the  hoiiy- 
nniscnlature.  Fi’oni  Minchin,  after 
Tlielohan. 


Fin.  liC. — Schizogony  of  Thclohania  vtKclleri  Pffr.).  n,  “ merunl " willi  single  nucleus:  h anil  r,  its 
ilivision  into  two ; it,  c,  into  four;  /,  y, /i,  cliaius  of  meronts  forineil  liy  raiiiil  division.  From 
Minchin,  alter  Stempeil,  xi-50. 


parasite,  except  the  characteristic  structure  of  the  .spores,  and  the  fact  that 
the  spores  arise  in  the  interior  of  the  sporont,  imbedded  in  the  proto^tlasm 
which  is  left  over  as  residuum  (hence  Kndosporees,  J\letchnikofl‘),  and  .are 
not  formed  by  sitiierficial  sporulation  as  in  Tclosporidia. 

' The  occurrence  of  a niicro.sporiiliaii  para,site  in  man  i.s  .a,sserteil  by  Perroncito  in  a 
memoir  whicli  I have  not  been  aide  to  .see  {(Horn.  AccatL  Med.  Torino,  l.xv.  1902,  p.  378). 
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In  the  second  tyj>e  of  trophozoite, 
as  the  parasite  grows,  and  the  result  ii 


Fig.  6(). — Spore-fonnation  in  Thdohania  muelleri  (L. 
Pffr.).  a-il,  division  of  tlie  sporont  into  two  ; e-ff, 
division  into  four  ; h,  sporont  with  eight  sporo- 
liiasts  ; r,  eiglit  spores  imbedded  in  the  residual 
protojilasm  of  the  sporont ; j-l,  division  of  the 
nucleus  of  the  spore  ; in,  spore  with  four  nucdei 
alter  three  days  in  the  gut  of  a new  host.  From 
Minchin,  after  Stempell,  X22a0. 


plasm  liecomes  concentrated  and  sej 
the  remainder  of  the  protoplasm,  to 


that  of  Glugea,  the  nuclei  multiply 
; a large  multinucleate  trophozoite 
comparable  to  a Myxosporidian 
parasite.  This  type  produces 
cysts  distinctly  visible  to  the 
naked  eye,  as  in  the  common 
Glugea  anomala  of  the  stickleback 
(Fig.  04).  The  body  of  the 
parasite  is  enclosed  in  a cyst- 
envelope  or  tunica  gu'ojma  secreted 
by  it,  outside  which  the  tissues  of 
the  host  form  a capsule  of  con- 
nective tissue  (Fig.  67).  The 
trophozoite  soon  outgrows  the 
limits  of  a single  cell,  and  is  to 
be  regarded  as  of  histozoic  habitat. 
The  nuclei  of  the  trophozoite  are 
at  fii-st  vegetative  in  function, 
and  may  grow  to  a very  large  size  ; 
fronr  them  are  produced  small 
nuclei,  round  which  the  proto- 
larated  ofl‘  by  a membrane  from 
produce  by  a process  of  internal 


\sp. 


Fio.  (IT.  amniwht  .Aloiiiuz,  jiart  of  ii  .suction  of  the  wall  of  a cy.st.  e,  unv(dopi> ; 6a,  vegetative 

nuclei ; .«/),  spores ; psj),  si)oront  or  pansporoblast,  lying  in  a space  in  the  jn-otoplasm.  After 
Slempidl. 


gemmation,  a uninucleate  individual  which  forms  spores,  and  which 
is  exactly  comparable  to  the  sporont  of  the  first-mentioned  type.  It  is 
evident,  however,  that  the  sporonts  thus  formed  by  internal  budding  are 
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:ilso  perfectly  comparable  to  the  pansporoblasts  of  the  Myxosporidia. 
The  homology  of  sporont  and  pansporoblast  is  sometimes  expressed  by 
saying  that  in  Pleistophom  and  its  allies  the  whole  troj)hozoite  becomes  a 
single  pansporoblast.  It  is  perhaps  better,  however,  to  regard  the 
condition  of  I’leiAophora  as  primitive  rather  than  secondary,  and  to 
consider  the  pansporoblasts  of  Glugea  and  of  the  IMyxosporidia  as  sporonts 
produced  by  internal  gemmation  in  the  vegetative  trophozoite.  In 
Theloluuiia  or  Pleistophom  there  is  no  nutritive  protoplasm  surrounding 
the  sporont,  and  the  vegetative  activity  is  shewn  oidy  in  schizogony. 
The  transition  from  this  type  to  that  of  Glugea  and  the  ordinary  Myxo- 
sporidia  is  seen  in  the  dis]:)orous  IMyxosporidia,  where  the  multinucleate 
trophozoite  produces  by  internal  gemmation  but  a single  pansporoblast 
or  sporont. 

The  trophozoites  in  this  order,  of  whatever  type,  are  generally  of 
amceboid  character.  Perez  has  described  gregarinedike  forms  in  Thelohnuia 
■uuvmdis,  but  their  relation  to  the  ordinary  forms  is  uncertain,  if  indeed 
they  are  a stage  in  the  life-cycle  of  this  species  at  all. 

The  spore-formation  proceeds  in  a similar  manner  in  the  sporont, 
whether  of  the  type  of  Pleistophom  or  of  Glugea.  The  nucleus  divides  a 
certain  number  of  times  by  binary  fission  to  form  daughter-nuclei  round 
which  the  protoplasm  becomes  concentrated  to  form  sporoblasts,  each  of 
which  becomes  a sjjore.  According  to  Perez,  however,  the  whole  sporont 
becomes  a single  .spore  in  the  forms  for  which  he  retains  the  generic  name 
Noseuia  Niigeli,  and  the  same  thing  may  occur  exceptionally,  according 
to  Stempell,  in  Glugea,  anomalu,  Moniez.  In  all  other'  cases,  however',  the 
sporoirt  forms  more  than  two  sporoblasts  and  spores,  namely,  foirr  in 
Gurlei/n,  eight  in  Thelohauia,  and  an  indefinite  number  in  Pleistophom  and 
Glugea.  Each  spor'oblast  has  at  first  a single  nrrclens.  It  becomes  of 
oval  shape,  atrd  a tough  envelope  is  secreted  r’oirrrd  it.  'Within  this  the 
nucleus  divides,  according  to  Stempell,  into  foirr  nuclei,  two  of  Avhich  are 
concerned  with  the  formation  of  the  single  relatively  very  large,  polar- 
capsule,  while  the  other  two  ar'o  the  nuclei  of  the  sporoplasm.  The 
spores  (Fig.  G8)  are  generally  about  3 jj,  more  or  less  in  length.  In 
Glugea  anornala,  howeyer,  the  extruded  polar  filament  maybe  150 //.in 
length. 

In  the  par'asites  of  the  tyjre  of  Pleistophom  the  infected  tissue  becomes 
infiltrated  with  great  numbers  of  sporonts  and  spores.  In  the  Glugea- 
type  the  cysts  become  a mass  of  spores  towards  the  centre,  enclosed  by  a 
peripheral  zone  of  protoplasm  containing  the  large  A'Cgetative  nuclei,  the 
whole  surrounded  by  the  cyst-membrane  and  the  connective-tissue  capsule. 
When  the  growth  of  the  cyst  reaches  its  limit,  the  vegetative  nuclei, 
according  to  Stempell,  break  up  into  granules  of  chromatin.  Following 
upon  this  the  whole  cyst-wall  breaks  up,  setting  free  the  spores.  In  this 
process,  however,  small  spheres  of  protoplasm  may  be  foi'med  from  the 
peripheral  vegetative  layer.  Each  of  these  spheres  contains  chromatin- 
gi-anules  derived  from  the  disintegrated  vegetative  nuclei,  which  then 
concentrate  themselves  to  form  secondary  vegetative  nuclei.  The  spherical 
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bodies,  each  with  a nucleus  thus  formed,  then  wander  off  into  the  tissues 
of  the  host  and  form  secondary  cysts,  in  which  spore-formation  proceeds 
as  in  the  primary  cysts. 

The  infection  of  fresh  hosts  always  appears  to  take  place  by  way  of 
the  digestive  tract,  througli  spores  being  accidentally  swallowed.  Accord- 
ing to  Stempell  the  polar  filament  is  first  extruded,  then  the  envelope 
dissolves,  and  the  sporoplasm,  having  gone  through  a process  of  binary 
fission  corresponding  to  its  nuclei,  emerges  as  two  minute  amoebulfe.  The 
two  amoebulae  then  proceed  to  conjugate,  and  the  zygote,  as  a tiny 
amcebula  with  a single  nucleu.s,  passes  through  the  gut-wall  and  initiates 


I’lO.  I’lS. — SjKiivs  of  various 
MicTos]ioriilia.  u and  /j, 
I'lehtophnra  tjijuralis  ; a, 
fri'sli ; h,  trraUMl  witli 
ioilinc-vvatar  to  cansi'  llit> 
extrusion  ol’tlie  filament; 
c and  (/,  'nu'tulmnia  octo- 
npnra ; c.  fresh  ; d,  treated 
with  ether.  e,  Glugoa 
depressii  : /,  0.  aatif. 

From  .Minchin,  after 
'J'helohan,  x l.OOH. 


I’li:.  lii'. — Section  of  mnsele-lihre  of  Colins 
Scorpio  invadeil  by  I’lcislnpltora  liijiiri'lis 
(iurley.  m.f,  mnsele-tihi'ils  i mijj-,  cy.sts 
of  the  i>ara.site.  From  .Minchin. 


a netv  pai-asitic  cycle.  In  Kosema  homhjids  it  has  long  been  known  that 
in  addition  to  ordinaiy  casual  infection  by  the  digestive  tract,  Inireditary 
infection  also  occurs,  produced  by  the  penetration  of  the  pai'asites  into 
the  ovary  of  the  silk-tvorm  moth,  and  the  production  there’  of  spores 
which  germinate  in  the  newly-hatched  caterpilhir. 

The  genera  com])rised  in  the  IMicrosporidia  may  be  classified  as 
folloM's  (Perez)  : — 


Section  a.  I’olysporogenea.  The  relatively  large  trophozoite  produces  by 
internal  gemination  numerous  sjioronts  or  pansjioroblasts. 
Genera — Clugea  Thelohan,  Myxocystis  Mrazek. 
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Section  /i.  Oligosporogeiiea.  The  tropliozoite  Ijecomes  a single  si^oront  or 
pansporoblast.  Genera — Gurleya  Dollein,  Thdohania  Ilenne- 
guy,  and  Pleistaphmi  Gurley  (Fig.  (19),  characterised  l.iy  the 
sporont  producing  lour,  eight,  or  numerous  sjiores  respectively. 

Section  y.  ^lunosporogenea.  The  trophozoite  (sjjoront)  becomes  a single 
spore.  Genera — Nosnma  Niigeli. 


Hitherto  the  generic  names  Olurjeo  and  Kosema  have  heen  used  as 
synonymous,  but,  according  to  Perez,  they  should  be  used  in  tlie  sense 
given  above,  the  type  of  the  former  being  G.  anomnia  IMoniez,  of  the 
stickleback,  and  of  the  latter  ^V.  hiunhiicu  Xiigeli,  of  the  silkworm. 

Order  H . — Sarcos])ondiu. — The  para.sitos  of  this  order,  though  of 


Fi«i.  70.  — r.rmiritiKlinat 
.>it‘rtion  ot  a muscle- 
lil>n'  coiiliunin^;  a 
sa  r <•  o.s  [I  or  ill  ia  11 
Iiara.site.  From 
Miiichin,  nl'tfr 
Ki’ckf.  xoo. 


Fir;.  71. — SpiroriiKti.i  Iciulla  in  tlui  imiselrs  of  tin;  sliee)i,  youiifr 
.sta<;e.s.  alraaily  imiltinuoIfal,i‘.  u,  yumiiior  .sUiga,  without  a 
striati-il  envaioiii; ; h,  ohliT  sta^c,  witli  striatnl  eiivi'lopc 
.surrounilirif,'  an  iuiior  niembraiii' : A',  pan.sporoblast.s.  Fi’om 
Mincliin.  ahar  IliTtram. 


common  occui-rence,  are  the  least  satisfactorily  known  of  all  the 
principal  groups  of  Sporozoa.  They  arc  found  as  parasites  of  striped 

muscles  of  mammals  and  birds  chiefly,  but  are  known  also  from  reptiles. 
T’liey  arc  found  frequently  in  domestic  animals  such  as  the  pig  and 
sheep,  and  are  known  also  to  occur  in  man  (see  article  “Psorospermosis  ”). 
The  striped  muscles  of  the  (jeso])hagus  or  the  heart-muscle  ai'c  the  most 
likely  places  to  find  them,  but  in  acute  cases  all  the  muscles  of  the  bod\' 
may  be  infected  by  them.  The  relatively  large  size  of  the  parasite 
makes  them  fairly  conspicuous  objects  when  present  (Fig.  70). 

In  its  first  stage  the  ])arasite  appears  as  an  elongated  whiti.sh  body  lodged 
in  the  substance  of  a muscle-fibi-e  (Ph'g.  7 1 n).  In  this  condition  it  is  known 
as  a “ )\Iiescher’s  Tube,”  a name  originally  applied  to  the  trophozoites  of 
Sarcoci/stvi  mnris  (Blanchard)  of  the  mouse,  Avhich  ha\-e  the  appearance  of 
white  streaks  or  threads  in  the  muscles.  The  youngest  trophozoites  that 
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have  been  observed  were  desci’ibed  l)y  Bertram  in  Sarcocystis  tenella  of  the 
sheei^,  and  wei-e  already  multinncleate,  but  there  can  be  no  doubt  that  in 
its  earliest  stage  the  trojihozoite  is  uninucleate.  As  the  parasite  gi'ows, 
pansporoblasts  are  formed  just  as  iii  Myxosporidia  or  in  ]\Iicrosporidia  of 
the  type  of  Glugea,  by  separation  off  internally  of  spheres  of  protoplasm 
centred  each  round  a nucleus.  At  the  same  time,  a striated  envelope 
begins  to  make  its  appearance  enclosing  the  whole  trophozoite  (Fig.  7 1 b). 
The  exact  nature  of  this  envelo]:)e  is  disputed,  but  its  presence  is  very 
characteristic  of  these  parasites.  It  may  be  compared  with  the  similar 


Fio.  72. — Sarcocyatv!  miescheriana 
Kuhn  from  tlm  pig;  later 
stage  in  wliicli  tlie  body  lias 
become  diviiieti  up  into 
numerous  chambers  or 
alveoli,  each  containing 
numerous  spores.  Froiii 
Jlinchin,  after  .Maiiz. 


Fio.  73. — Sarcncijstis  of  the  ox 
.section  of  a stage  similar  to 
Fig.  72.  n.  substance  of  mu.scle- 
tibre;  h,  envelope  of  the  jiara- 
sit‘3 ; c.  nuclei  of  the  muscle  ; 
<1,  siiores;  e,  walls  of  tlm 
alveoli.  From  Minchin,  after 
V.  Eccke. 


envelope  of  Myxulmm  licherkuehnii,  or  with  the  tunica  propria  of  G/nnea 
anomala  described  above.  Extensions  imvards  of  the  superficial  enveloije 
aie  mso  formed,  giving  the  interior  of  the  parasite  an  alveolar  or  hoiiev- 
com  )cd  structure.  In  each  alveolus  is  contained  at  first  a siiude 
pansporoblast,  which  divides  up  to  form  immeroiis  spores.  Thus^  a 
typical  sarcosporidiaii  parasite  has  immediately  under  the  striated 
envelope  a layer  of  living  protoplasm  with  nuclei  concentrated  chiefly  at 
the  tv  0 poles  of  the  body ; internally  to  this  is  the  zone  of  spore- 
loimation,  in  which  the  alveoli  contain  pansporoblasts  dividimr  up  to 
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form  spores  (Fig.  73) ; :uul  towards  the  centreof  the  body  are  found  the  ripe 
spores  in  immense  numbers,  of  which  those  most  centrally  placed  may,  in 
older  parasites,  be  undergoing  disintegration.  The  parasite  grows  chieHy 
in  length  by  forming  spores  at  its  two  poles. 

The  Miescher’s  tube  thus  constituted  may  grow  until  it  distends  the 
muscle-fibre  greatly  beyond  its  normal  width,  absorbing  the  contractile 
substance  as  it  does  so.  It  then  passes  out  of  the  muscle-fibre  into  the 
adjacent  connective  tissue  of  the  host.  In  this  second  stage  the  parasite 
rounds  itself  off  more,  and  the  tissues  of  the  host  form  a cyst  round  it. 
Such  cysts  may  reach  a length  of  50  nun.  in  the  sheep,  and  even  more 
than  this  in  other  animals.  The  contents  of  the  cyst  consist  of  vast 
numbers  of  spores.  By  bursting  of  the  cysts  their  contents  become  in 
some  cases  diftused  in  the  tissues,  and  the  spores  ai'e  then  probably 

rise  to  a 


conveyed  Iiy  the  blood  to  other  parts,  where  they  give 


to  a fresh 

infection.  Some  animals,  such  as  the  mouse,  are  liable  to  be  completely 
overrun  by  these  parasites,  and  are  killed  off  by  them  rapidly,  but  in 
most  cases  Sarcosporidia  appear  to  be  comparatively  harmless  to  their 
hosts.  Laveran  and  JMesnil  have  isolated  a toxin,  however,  which  they 
have  named  sarcocystine,  from  the  sarcosporidian  parasite  of  sheep. 


The  statements  with  regard  to  the  spores  are 


conflicting. 


but  it 


appears  highly  probable  that  they  are  of  two  kinds,  namely,  gymnospores, 
which  spread  the  infection  in  the  same  host,  and  true  spores,  destined  to 
infect  fresh  hosts.  No  investigators  appear,  however,  to  have  found 
both  kinds  of  spores  in  the  same  species  of  parasite.  The  gymnospores 
are  commonly  termed  “ sporozoites  ” or  “ Eainey’s  corpuscles,”  the  latter 


name  being  applied  more  especially  to  those 


occurring 


in 


the 


pig- 


They  are  sickle-shaped  bodies  which  at  a suitable  temperature  (35-37°  C. 
in  the  case  of  Sarcocystis  muris)  shew  peculiar  movements,  a combination 
of  displacement  by  gliding  forwards  and  of  rotation  on  their  long  axis. 
They  also  exhibit  changes  of  form,  and  arc  stated  to  become  amoeboid. 
In  S.  muris  they  measure  about  12p.  in  length  by  4 p,  in  breadth,  but 
in  other  species  they  may  be  very  much  smaller 
(3-4  fj.  in  length  by  1 y.  in  breadth). 

Bodies  which  must  be  regarded  as  true 
spores  have  been  described  by  Laveran  and 
Mesnil  from  Sarcocystis  tenella  of  the  sheep  (Fig. 

7 4).  They  are  sausage-shaped  with  one  end 
rounded,  the  other  more  attenuated.  Near  the 
rounded  end  is  the  single  lai'ge  nucleus ; the 

middle  portion  of  the  spore  is  occupied  by  fio.  t-i.  — Simres  of  S(imry.iivf 
granular  protoplasm ; and  the  more  pointed 
end  contains  a striated  body  which  jicrhajis 
represents  a polar  capsule.  While  some  in- 
vestigators have  affirmed  positively  that  a polar 
filament  is  extruded  from  the  spore,  others  have  been  unable  to  confirm 
the  statement.  The  existence  of  a polar  capsule  in  the  spores  of  Sarco- 
sporidia is,  therefore,  at  })resent  somewhat  doubtful.  A noteworthy 


u. 


b. 


tenella  of  tlio  shf>t>i) ; a,  in  tin; 
fri'sh  oonilition  sliewiiiK  a 
clear  miclen.s  («),  ami  a 
striati’il  body  (c) ; h,  aft.iT 
staining;.  From  .Miiichin, 
after  I.avcran  and  Mesnil. 
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feature  of  these  spores  is  their  delicate  nature.  Even  distilled  water 
deforms  them.  It  is,  therefore,  very  unlikely  that  they  are  disseminated 
simply  by  being  spread  alwoad  like  the  resistant  spores  of  othei- 
Sporozoa. 

Nothing  whatever  is  known  as  to  the  means  by  which  the  infection 
by  Sarcosporidia  is  brought  about.  It  has  been  proved  by  Smith  that 
mice  can  be  infected  with  Sarcoc/istis  muris  by  feeding  them  on  the  flesh 
of  mice  already  infected.  It  is  very  improbable,  however,  that  this  repre- 
sents the  natural  method  of  infection  even  for  mice,  and  cannot  do  so 
for  many  other  animals. 

All  known  Sarcosporidia  are  at  present  included  in  a single  genus 
Sarcodjstis  Lankester.  Blanchard  made  two  genera  Miescheria  and 
Balbiania  to  denote  forms  parasitic  in  the  muscles  and  in  the  connective 
tissue  respectively,  but  since  it  has  been  sheAvn  that  these  two  genera 
represent  merely  phases  in  the  life-history,  they  have  become  obsolete. 
The  best  - known  species  of  Sarcocystis  are  S.  muris  Blanchard  of  the 
mouse,  S.  miescheriana  Kiihn  of  the  pig,  and  S.  tenella  Raillet  of  the 
sheep.  The  last-named  species  is  stated  also  to  occur  in  man  (see  article 
“ Psorospermosis  ”). 

Order  V. — Haplosporidia. — Spores  of  sim^ile  structure,  with  a single 
nucleus,  and  without  a polar  capsule. 

To  this  order,  characterised  chiefly  by  simplicity  of  structure  at  all 
stages  and  by  the  absence  of  the  .special  features  distinctive  of  the  three 
preceding  orders,  a number  of  forms  have  been  referred  which  are 
[)arasitic  on  various  invertebrates  and  on  fishes.  Quite  recently  a 
parasite  of  man  has  been  added  to  the  list.  As  in  all  systematic 
groups  of  primitive  characters,  the  precise  limits  of  the  group  are 
difficult  to  define,  and  the  position  of  many  of  the  forms  referred  to 
it  is  at  present  somewhat  doubtful. 

A typical  haplosporidian  parasite  commences  its  trophic  phase  as  a 
minute  uninucleate  corpuscle,  in  which  the  iiuclei  multiph^  as  it  grows. 
'J’he  multinucleate  trophozoite  is  commonl}^  spoken  of  as  the  plasmodial 
I>hase,  though  it  is  not,  as  a rule,  amoeboid  and  ma}'^  have  some  definite 
form,  in  man}’-  cases  that  of  a sau.sage.  AVhen  it  reaches  a certain  .size, 
the  protoplasm  becomes  divided  up  to  form  uninucleate  spores.  In  the 
simplest  cases  the  spores  are  rounded  or  ovoid  bodies,  without  a distinct 
membrane,  and  not  differentiated  for  endogenous  and  exogenous  develop- 
ment, but  capable  of  developing  in  the  same  or  in  another  host.  In 
other  cases  the  .spores  may  have  an  elongated,  gregarine-like  form,  as  in 
Polycaryum,  or  may  have  a definite  membrane,  as  in  Ilaplosporidinm  and 
its  allies.  But  in  all  cases  alike  the  spore  has  a single  nucleiis,  distinct, 
relatively  large,  and  easily  stained,  without  any  other  internal  differentia- 
tion of  the  spore-contents.  Tliis  feature  distinguishes  the  parasites  of 
this  ordei-  at  once  from  Alicrosporidia,  such  as  Plcistophora,  to  which  they 
often  shew  considerable  resemblance. 

The  sole  human  parasite  which  has  been  referred  to  this  order  is 
Rhinosporidkm  kinealyi  Minchin  and  Fantham  (54),  which  has  been  found 
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in  tumours  of  the  septum  nasi  of  natives  in  India.  The  tumours  are 
vascular,  pedunculated  growths,  I'escmbling  a raspberry,  which  are  found 
in  sections  to  contain  gi'eat  numbers  of  the  parasites  imbedded  in  the  con- 
nective tissue.  The  youngest  parasites  are  of  irregular  form,  and  consist 
of  granular  protoplasm  enclosed  by  a hyaline  membrane,  and  containing 
apparently  numerous  minute  nuclei.  As  the  parasite  grows  it  becomes 
generally  of  spherical  form,  and  its  hyaline  envelope  becomes  greatly 
thickened,  forming  a definite  cyst-wall.  Towards  the  centre  of  the  body 
the  protoplasm  becomes  segmented 
into  spherical  pansporoblasts, 
each  at  first  uninucleate.  In 
these  pansporoblasts  the  nuclei 
multiply  and  give  rise  to  spores, 
which  are  formed  gradually  and 
successively,  the  number  increas- 
ing from  one  or  two  to  about 
a dozen.  In  this  way  each 
pansporoblast  becomes  converted 
into  a spore-morula.  Spore- 
formation  goes  on  continually  at 
the  expense  of  the  peripheral 
zone  of  growing  protoplasm,  which 
becomes  less  apparent  as  the  cyst 
reaches  full  size,  and  is  probably 
used  up  entirely  when  the  limit 
of  growth  is  attained.  A cyst 
will  then  consist  of  three  zones, 
within  the  envelope  (Fig.  75) ; 
at  the  periphery  a zone  of  uni- 
nucleate pansporoblasts  ; internal 
formation  ; and  most  centrally,  a 
ripe  cysts  appear  to  burst  and  spread 


Fig.  75. — Rhinosporidivm  Idnealyi  Mincliin  and 
Fnntham.  A,  .seKiiimit  of  a section  tliroiigli  a 
cy.st;  e,  hyaline  envelope;  p.z,  peripheral  zone  of 
Iiaiisporoblast.s ; i.z,  intermediate  zone  of  pan- 
sporoblasts containing  a few  sjjores ; c.r,  central 
zone  of  ripe  spore-mornla*.  B,  a ripe  siioro-mornla ; 
m,  membrane ; s.p,  .spores.  After  Slinchin  and 
Fantham. 
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to  this,  an  intermediate  zone  of  spore- 
number  of  spore-morulfe.  The 
their  contents  in  the  tissue  of 
the  tumour,  thus  giving  rise  to  fresh  cygts.  The  tumours  recur  readily 
if  not  completely  extirpated.  Nothing  is  known  as  to  the  method  in 
which  the  infection  is  spread. 

The  Haplosporidia  have  been  divided  by  Caullery  and  Mesnil  (15) 
into  three  families — IIa2)losj}oridiidce,  Bertramiida’,  and  Ccdosporidiida; — 


with  some  additional  genera  the  position  of  Avhich  is  doubtful.  Among 
the  latter  is  the  genus  ScheviakoveUa  (Caullery  and  Mesnil),  Avith  a single 
species  parasitic  on  Crustacea  (Cyclops,  etc.).  This  form  is  remarkable  in 
several  points  (Fig.  7G).  The  trophozoites  are  amoeboid  and  contain  a 
contractile  A'acuole,  the  only  knoAvn  instance  of  the  occurrence  of  such  an 
organ  amongst  the  Sporozoa ; the  amcebie  tend  to  form  plasmodia  by 
fusion  ; encystment  takes  place  either  of  single  aimebse  or  of  plasmodia, 
and  Avithin  the  cyst  spore-formation  proceeds  progressively  ; and  the 
s})ores  themselves,  Avhich  are  of  the  usiud  simple  type,  may  multiply  by 
binai’A'  fission. 
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rjiiuosporidium  cannot  l)e  included  in  either  of  the  three  families  of 
Caullery  and  Mesnil,  and  stands  somewhat  apart.  It  differs  from  all 
other  Idaplosporidia  as  Glngea  differs  from  Pleistophora  among  the 
Microsporidia,  that  is  to  say,  in  forming  many  pansporoblasts.  In  the 
progressive  formation  of  spores  in  the  pansporoblast  it  resembles  Schevia- 
kovella,  and  the  spores  are  of  the  usual  simple  haplosporidian  type. 


Fia.  Ti>.— rii;ises  of  .‘icheviakovdla  in  the  body-oavity  of  Cyclops.  h.  free  nma'bie  : c-g,  encystation 
and  .sporulatioii  ; h.  i,  j,  i)lasmodia ; k,  I,  encystatinn  and  sponilation  of  i)lasniodia  : m.  a .snore- 
n-7,  lission  of  spores  ; r,  aina-lmhe  liberated  from  .sjwres.  n,  nucleus;  c.v,  contractile  vacuole’ 
.'p,  spore.  From  Jlinchin,  after  Sclunviakoff ; n-/,  xlOOO  xillibO. 

Sporozoa  Ineertse  Sedis. — Besides  the  forms  belonging  to  the  seven 
orders  of  Sporozoa  described  above,  a number  of  other  parasites  are 
referred  usually  to  this  class  of  Protozoa,  but  cannot  be  assigned 
definitely  at  present  to  any  of  its  recognised  subdivisions.  These 
intermediate  forms  are  for  the  most  part  insufhciently  known,  and  when 
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thoroughly  investigated  in  all  phases  of  their  life-history,  they  may  take 
a place  eventually  among  the  existing  orders  of  Sporozoa,  or  may  raidv  as 
representatives  of  new  systematic  subdivisions  of  the  class,  or  may  turn 
out  not  to  belong  to  the  Sporozoa  at  all,  in  some  cases  perhaps  not  even 
to  the  Protozoa.  Since  it  is  not  possible  to  give  a general  account 
of  these  aberrant  forms,  the  reader  is  referred  for  detailed  descri])tions  of 
them  to  Minchin  (53)  and  Canllery  and  Mesnil  (15).  A few  genera  oidy 
Avill  Ijc  mentioned  here,  forms  either  not  dealt  with  in  the  works 
mentioned,  or  important  as  human  parasites. 

The  genus  Cykrryctes  was  founded  by  Gnarnieri  in  1892  for  the 
“bodies”  observed  in  deep  epithelial  cells  in  vaccine  and  small-pox 
pustules.  The  structures  in  question  were  believed  to  be  intracellular 
parasites  belonging  to  the  Protozoa,  and  Avere  named  Cytoryctes  vaccinia’. 
and  C.  variola’,  respectively.  This  interpretation  has  been  criticised  or 
confirmed  by  subseijuent  investigators.  A summary  of  the  investigations 
and  hypotheses  put  forward  on  this  subject  will  be  found  in  the  memoir 
of  Councilman,  Magrath,  and  Brinckerhotf  (20).  Quite  recently  the 
etiology  of  small -pox  and  vaccinia  has  been  the  subject  of  detailed 
investigations  in  America  by  Councilman  and  other  pathologists,  in  con- 
junction Avith  Avhom  Calkins  (11)  has  studied  the  question  from  the 
zoological  point  of  view.  The  re.sults  of  these  concerted  investigations, 
which  tend  to  establish  the  parasitic  and  protozoan  nature  of  the  bodies 
ill  question,  are  mainly  as  folloAvs : — 

In  small-pox  the  parasite  is  found  to  be  confined  to  lesions  of  the 
stratified  epithelium  of  the  skin  and  of  the  mucous  membranes  of  the 
soft  palate,  pharynx,  and  cesophagus,  lesions  Avhich  are  regarded  as 
fundamentally  specific  in  character  and  distribution.  The  specific  lesion 
of  small-pox  is  a focal  degeneration  of  the  stratified  epithelium  Avhich 
gives  rise  to  the  characteristic  pock  or  pustule.  The  parasites  in  the 
lesions  are  found  chiefly  in  the  cells  of  the  rete  mucosum  up  to  about 
the  tenth  day  of  the  disease,  i.c.  the  sixth  day  from  the  appearance  of 
the  eruption,  rarely  later.  Cytoryctes  is  to  be  considered,  therefore,  as 
essentially  an  intracellular  parasite  of  stratified  epithelium.  It  occurs  in 
tAVO  forms,  a younger  cytoplasmic  and  a later  intranuclear  form.  To 
these  tAA'O  phases  must  be  added  a still  earlier  but  entirely  hypothetical 
phase,  coA’ering  the  period  from  the  primary  infection  by  the  air-borne 
germs  (spores)  to  the  first  appearance  of  the  parasites  in  vast  numbers 
in  the  stratified  epithelium ; thus  making  in  all,  three  phases  Avitbin  the 
human  body. 

AVith  regard  to  the  first  phase  of  Cytoryctes,  in  the  absence  of  aii}' 
observations  it  can  only  be  conjectured  that  at  the  seat  of  the  primary 
infection  a process  of  rapid  multiplication  takes  place,  and  that  from  this 
source  minute  germs  of  some  kind  spread  through  the  body  in  all  direc- 
tions, probably  by  means  of  the  blood-current.  These  germs  become 
lodged  in  the  stratified  epithelium  of  the  skin  ami  the  commencement  of 
the  digestive  tract  at  various  jwirits,  multiplying  there  and  giving  rise  to 
the  characteristic  ei-uptiou.  It  is  possible  that  this  process  of  primary 
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nmltipliciition  and  diffusion  of  the  germs  may  coincide  with  the  initial 

f(3V6r. 

In  the  second  phase  the  organism  appears  in  the  cells  of  the  epi- 
thelium in  the  specific  lesions  as  a minute  amoeboid  organism  which 
reproduces  by  a j^rocess  of  multiple  fission  to  form  minute  germs,  teimed 


Kio.  ".—Culori/rtea  variolir.,  “ viiccino -cycle."  A,  epithelial  cell  containing  three  parasites  at  the 
younge.st  stage  ; H,  epithelial  cell  containing  an  older  parasite,  shewing  commencing  dillerentiatioii 
of  cytoj)lasm  ; C.  cell  confeiining  an  anneboid  jiarasite,  nearly  lull  grown,  the  chromatin,  repre- 
.sented  black,  is  distributed  in  irregular  patches : I),  a parasite  commencing  to  sporulate  within  a 
cell ; E,  siiorulation  more  advanced,  the  body  of  the  ])arasite  beginning  to  divide  up  ; F,  spnrulation 
com]>lete,  the  numerous  gemmules  lying  each  in  a clear  space  ; G,  escape  of  the.  geinmules  from  the 
parent  body  ; H,  remains  of  a parasite  in  a cell  after  the  gemmules  have  been  .set  free  from  it.  ;>, 
liarasite  ; »,  nucleus  of  host-cell ; g,  gemmulo  ; r,  residual  ])rotopla.sm  of  parasite.  All  the  figures 
except  F rei)resent  the  parasites  in  the  ho.st-cells.  After  Calkins,  x 1500. 


by  Calkins  “gemmules.”  The  parasite  may  multiply  in  this  way  for 
several  generations.  In  this  part  of  the  eycle  the  parasite  is  entirely 
similar  to  the  vaccine-body,  and  Calkins  considers  that  in  vaccinia  and 
variola  Ave  have  to  do  with  the  same  organism,  Avhich  in  A^ariola  passes 
through  a third  intranuclear  iihase  not  found,  and  apparently  inhibited, 
in  A^aecinia.  Hence  the  second  phase  is  termed  the  A\aecine-cycle  (Fig.  77). 

The  youngest  parasites  of  the  vaccine-eycle  are  minute  intracellular 
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liodies  which  stain  like  chromatin  and  appear  to  be  entirel}'^  composed  of 
this  substance.  They  measure  about  7 /.t  in  diameter,  and  there  may  be 
several  in  a cell.  As  the  parasite  grows,  a cytoplasmic  portion  becomes 
ditterentiated,  first  towards  the  centre  of  the  body,  later  at  the  peripheiy. 
In  the  final  stages  of  growth  the  parasite  is  an  oi'ganism  of  amoeboid 
appearance,  measuring  10-14  g,  in  length,  consisting  of  finely  granular 
cytoplasm  in  which  are  dispersed  irregular  patches  of  chromatin  (Fig.  77,  C). 
There  is  in  fact  no  definite  centralised  nucleus,  but  the  nuclear  sub- 
stance is  scattered  in  the  form  of  chromidia.  When  growth  is  com- 
plete, the  chromatin  becomes  broken  up  into  minute  grannies  diffused 
evenly  through  the  cytoidasm  of  the  parasite  (Fig.  77,  D).  These 
granules  become  more  definite  and  form  the  gemmules.  Each  comes  to 
lie  in  a minute  vesicle  or  clear  space  in  the  cytoplasm  (Fig.  77,  F). 
Finally  the  gemmules  are  set  free,  and  infect  fresh  cells,  where  they  are 
found  in  the  form  of  the  youngest  stages  already  described.  After 
setting  free  the  gemmules,  the  body  of  the  parasite  remains  as  a residual 
mass  of  protoplasm  containing  a few  fi-agments  of  chromatin  (Fig.  77,  H). 
The  residuum  ultimateh"  disintegrates. 

The  third  or  intranuclear  phase  of  the  parasite  (Fig.  78),  speciall}' 
characteristic  of  small-pox,  is  initiated  by  gemmules,  formed  in  the  manner 
described  in  the  preceding  paragraph,  passing  into  the  interior  of  the 
nucleus  (Fig.  78,  A).  In  this  situation  they  develop)  into  animboid  bodies 
containing  chromatin  scattered  irregularly  in  their  cytoplasm  (Fig.  78, 
I),  C).  According  to  Calkins  the  intranuclear  parasites  become  gameto- 
cj'tes  of  two  kinds,  but  considerable  doubt  must  attach  to  this  part  of 
the  life -cycle.  The  supposed  male  forms  are  spherical,  at  first  with 
central  chromatin  from  which  a ring  of  minute  chromatin  dots  is  formed 
at  the  periphery  of  the  Ijody  (Fig.  78,  D).  These  chromatin  dots  are 
interpreted  as  the  almost  ultramicroscopical  male  gametes,  which  become 
lil>erated,  leaving  the  rest  of  the  body  as  a residuum.  The  female 
gametocytes  are  spherical  with  central  chromatin  (Fig.  78,  E).  Each  is 
believed  fo  l:)ecome  a female  gamete,  and  to  be  fertilised  by  a male 
gamete,  after  which  the  parasite  is  to  be  termed  the  zygote,  a fairly 
large,  more  or  less  amceboid  body  with  a central  mass  of  chromatin. 
'I’he  zygote  pushes  the  chromatin  of  the  host-nucleus  to  one  side,  and 
ultimately  al)sorbs  it.  The  chromatin  of  the  zj'^gote  next  becomes 
distributed  thi’ough  the  body  of  the  parasite  by  fragmentation,  and  the 
fragments,  at  first  minute,  grow  in  size  (Fig.  78,  F).  At  this  stage  the 
parasite  l)reaks  out  of  the  host-nucleus,  the  membrane  of  which  becomes 
disintegrated.  Each  chromatin-mass  of  the  parasite  becomes  a body  which, 
as  it  is  destined  to  form  several  spores,  should  be  called  a ])ansporoblast. 
(Calkins,  however,  uses  the  term  pansporol)last  for  the  whole  zygote,  and 
spomblai^fs  for  the  masses  of  chromatin  which  produce  such  a number 
of  spores ; but  the  word  sporoblast  should  always  1)0  used  to  denote  the 
body  from  which  a single  spore  arises.)  Each  pansporoblast  (in  onr 
sense)  becomes  a hollow  ring  or  sphere  of  chromatin,  from  which  the 
spores  are  differentiated  (Fig.  78,  G,  H).  The  spore  is  a minute  body. 
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the  bulk  of  which  is  a refringent  vacuole,  bearing  at  one  pole  a clump  of 
chromatin.  The  spores  may  develop  within  the  nucleus  into  secondary 
pansporoblasts,  from  which  spores  are  formed  again  by  a process  of 
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I''iG.  ~K—Ciili,rycks  variola;,  intranuclear  cycle  in  epithelial  cells.  A,  a cell  containing  two  youn^ 
parasites  lodged  in  the  nucleus;  15,  similar  cell  containing  two  older  parasites;  C.  nearly  full- 
grown  ainreboid  parasite  in  the  nucleus  of  the  cell ; I),  supposed  male  gametocyte.  with  chromatin 
gi-anules  at  the  perijihery,  the  host-nucleus  nearly  absorbed  ; E.  snppo.sed  female  gamete  or  zygote  ; 
E,  the  zygote  commencing  to  sporulate,  containing  numerous  small  mas.ses  of  chromatin  anil  a 
residual  mass,  the  host-7uicleus  quite  absorbed  ; G,  the  small  chromatin-masses  of  the  preceding 
stiige  have  the  form  of  rings  or  hollow  spheres  (p.ansporoblasts) ; H,  differentiation  of  spores  fi  om 
chromatin-rings  of  the  preceding  .stage;  1,  parasite  containing  a mass  of  ripe  spores,  psp,  pan- 
sporoblasts ; sji,  s])ores  ; other  letters  as  in  Fig.  77.  After  Calkins,  x 1500. 


schizogony  in  the  same  manner  as  in  the  primary  pansporoblasts.  These 
minute  refringent  spores  are  probably  the  means  by  which  the  infection 
is  spread. 

Calkins  considers  that  Cytorijctes  should  be  classed  with  the  Micro- 
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s^poridia,  but  since  the  spores  do  not  apparently  contain  any  polar  hla- 
ment,  and  are  uninncleate,  it  is  rather  with  the  Haplosporidia  that  the 
parasite  should  he  classed.  In  this  gronj)  it  resembles  most  the  peculiar 
parasite  of  brook-trout  described  by  Calkins  under  the  name  Lyiivplio- 
^pondiiihi.  Calkins  puts  together,  as  a family  CytorijAuhr,  the  genei'a 
Cytoryctes  Gnarnieri,  Lymphosporidiuia  C.  and  Caryoryctes  C.,  the  last  being 
a peculiar  intranuclear  parasite  of  raramedum  veiy  similar  in  many 
points  to  the  third  phase  of  the  small-pox  parasite.  In  the  power  of 
multiplication  by  fission  within  the  host  possessed  by  the  spores,  the  life- 
cycle  of  Cyforydes  resembles  that  of  Sdicviukorella  (see  p.  107). 

In  the  foregoing  paragraphs  the  life-cycle  of  Cytoryda^  has  been 
sketched  in  its  principal  outlines,  following  the  description  of  the 
American  investigators.  Siegel  (SO),  on  the  other  hand,  gives  a totall}' 
different  account  of  this  parasite,  altering  even  the  spelling  of  the  name 
to  Cytorhydei>.  Siegel  finds  several  species  of  this  organism  to  be  the 
cause  of  different  acute  exanthemata  of  man  and  animals ; such  are 
Cytorhydes  racdnvr  Gnarnieri  of  small-pox,  ajdithuriiin  S.  of  foot-and- 
mouth  disease,  0.  scarlatina’  S.  of  scarlet  fever,  and  C.  lids  S.  of  syjihilis. 
The  ])arasites  occur  under  two  forms.  The  first  is  a mobile  form,  •;">  to 
1 p.  in  length  by  T p in  breadth.  The  body  is  pear-shaped,  with  one 
end  running  out  into  a delicate  refringent  process,  which  is  apparently 
of  the  nature  of  a flagellum,  but  can  be  protruded  and  retracted.  By 
means  of  this  organ  the  parasite  performs  movements  which  are  described 
as  being  very  similar  to  those  of  Trypanoplasma,  and  consist  of  locomotion 
round  a circle  of  about  15  /a  in  diameter.  The  protoplasmic  body  of  the 
])arasite  contains  two  masses  of  chromatin,  one  situated  at  the  pointed 
end,  the  other  at  the  bi’oad  end.  The  mobile  forms  may  multiply  by 
l)inary  fission,  or  by  sporulation  folloAving  multiple  division  of  the 
nucleus.  As  the  result  of  the  latter  process  they  may  break  up  into 
mobile  forms  again  or  into  individuals  of  the  second  or  non-mobile  tyjje 
which  are  termed  cystospores  and  probably  represent  the  infective, 
resistant  phase.  The  cystospores  (in  C.  viccinice)  are  larger  than  the 
mobile  forms  and  divide  each  into  two  sporozoites.  These  parasites  are 
found  in  the  blood  or  expressed  juices  of  tlic  organs,  and  are  able  to 
pass  through  a Chamberland  filter.  The  different  s})ecies  may  shew 
characteristic  differences  of  parasitic  habitat.  C.  aphtlmrnm  attacks  the 
nuclei  of  the  epithelial  cells.  C.  Inis  sporulates  in  the  connective  ti.ssue 
and  in  the  blood-ves.sels,  never  in  the  epithelium. 

.Siegel  regards  the  genus  Cytorhydes  as  one  intermediate  between 
Sporozoa  and  Flagellata.  It  is  difficult  to  reconcile  his  i-esults  with 
tho.se  of  the  American  investigators,  though  the  mobile  forms  described 
by  .Siegel  might  possibly  represent  a phase  of  the  parasite  described  by 
Calkins.  Siegel’s  criticism  that  the  parasites  described  by  the  Americans 
were  seen  in  material  prepared  from  corpses,  is  met  l>y  IMagrath  and 
Brinckerhoff’s  di.scoveryof  the  same  formsin  monkeys  artificially  inoculated. 
It  may  be  also  pointed  out  that  the  claims  of  Cytorhyctes  Inis  to  1)C  the 
cause  of  syphilis  conflict  with  those  of  Treponema  pallidum  described  on 
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p.  46.  Macletinaii  suggests  that  Cytorhyctes  hiis  represents  one  stage,  and 
Treponema  pallidum  another,  of  the  life-cycle  of  the  same  organism. 

Prowazek  (69)  has  recently  published  the  results  of  a critical  examina- 
tion into  the  nature  of  the  vaccine  virus.  He  comes  to  conclusions 
similar  to  those  of  Foa  (25),  namely  that  Guarnieri’s  bodies,  though 
specific  for  vaccine,  are  not  the  parasites,  since  if  injured  or  destroyed  by 
the  actions  of  reagents,  such  as  salt  solution  or  trypsin,  infection  can  still 
be  carried  out  successfully  with  the  lymph.  He  denies  also  that  the 
bodies  shew  any  developmental  c^mle,  and,  from  micro-chemical  and 
staining  reactions,  concludes  that  they  are  chromidia,  i.e.  extra-nuclear 
chromatin  of  the  host-cells.  In  view  of  these  conflicting  statements,  the 
nature  of  the  parasites  of  vaccine  and  variola  must  lie  considered  at 
present  entiiely  problematical.^ 

Ooccidiokles  i/nmitis  and  C.  pyogenes  are  the  names  given  by  Rixford 
and  Gilchrist  to  bodies  believed  to  be  protozoa  observed  in  certain  con- 
tagious skin-diseases  (see  article  “ Psorospermosis  ”).  A description  of 
the  parasites  and  a discussion  of  their  affinities  will  be  found  in  Blanchard 
(3).  Lyinphocystis  johnstonei  Woodcock  (87),  a parasite  of  plaice  and 
flounders,  is  interesting  on  account  of  its  resemblance  to  gregarines,  not 
known  to  occur  otherwise  in  vertebrate  hosts. 

Finally  there  remain  for  mention  the  alleged  parasites  of  cancer,  so 
often  described  under  many  forms  and  synonyms.  It  is  not  possible  within 
the  limits  of  this  article  to  give  a detailed  account  of  the  structures  that 
have  been  identified  as  parasites  of  cancer,  or  to  discuss  the  systematic 
position  to  which  they  have  been  referred  by  different  authors.  To 
perhaps  the  majority  of  investigators  the  very  existence  of  a cancer- 
parasite  is  extremely  dubious.  It  is  sufficient  here  merely  to  refer  to  the 
latest  identification  of  this  elusive  organism,  under  the  name  llisto- 
sporidiuni  carcinomatosum,  by  Feinberg.  This  author  has  recently 
published  a ponderous  tome,  which  I have  not  been  able  to  see,  and  in 
Avhich  a complete  life-history  of  the  parasite,  both  within  and  without  the 
human  body,  is  stated  to  have  been  worked  out. 

Class  IV. — Infusoria. — Protozoa  in  v'hich  the  organs  of  locomotion 
are  cilia,  and  in  which  the  nuclear  apparatus  is  diflerentiated  into  a 
vegetative  macronucleus  and  a genei'ative  micronucleus. 

The  term  Infusoria  had  originally  an  application  more  extensive  than 
its  current  use,  being  employed  to  denote  any  mitmte  animalcules  that 
make  their  appearance  in  infusions,  such  as  Flagellata  or  Rotifers. 
Hence  in  modern  Avorks  the  class  at  present  under  consideration  is 
denoted  by  the  term  Ciliophora,  expressive,  by  a hybrid  etymology,  of 
the  chief  peculiarity  of  the  class. 

The  Infusoiia  fall  naturally  into  tAvo  subclasses,  the  Ciliata  and  the 
Suctoria  (Acinetaria).  In  the  Ciliata  the  cilia  are  retained  throughout 
the  active  life  of  the  animal,  and  only  disappear  tempoi-arily  during  the 

' rile  inicro-ors;aiii,sm  of  vaccine  li.o.s  also  been  nanieil  Stronthodes  jenneri  by  Sjbbring  in 
a memoir  which  I have  not  seen  (Ilygica,  Stockholm,  n.f.  ii.  1,  1902). 
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encysted  phase.  In  the  Suctoria,  on  the  other  hand,  the  cilia  ai-e  oidy 
present  in  an  early  larval  stage  of  the  life-history,  and  disapi)ear  com- 
pletely in  the  adult  condition,  in  which  the  function  of  the  capture  of 
food  is  undertaken  by  peculiar  suckers  and  tentacles.  Some  Suctoria 
are  endoparasites  of  other  Protozoa  during  the  larval  phase,  but  none  of 
them  are  known  as  internal  parasites  of  Metazoa.  For  further  informa- 
tion concerning  the  Suctoria,  the  reader  is  therefore  referred  to  genei-al 
treatises  ou  Protozoa. 

The  Ciliata  e.vhibit  a more  complex  type  of  organisation  and  rei)ro- 
duction  than  any  other  2)rotozoa.  Examples  of  this  group  are  among  the 
most  familiar  of  microscopic  organisms,  and  will  be  found  described  in 
any  elementary  text-book  of  zoology.  'J'he  body  is  typically  OAoid  or 
barrel-shaped,  one  pole  being  directed  forwards  in  swimming;  in  creeping- 
forms  the  body  is  flattened,  so  that  a ventral  surface,  on  which  the 
mouth  is  situated,  can  be  distinguished  from  a dorsal  surface.  In  fixed 
forms  the  animal  is  attached  by  the  pole  oj)positc  to  the  mouth,  and  the 
])oint  of  fixation  may  be  drawn  out  as  in  I 'orticella,  into  a long,  contractile 
stalk,  or  the  body  may  be  sessile. 

The  characteristic  cilia  shew  variations  in  their  arrangement  which 
are  distinctive  of  the  several  orders  into  which  the  subclass  is  divided, 
and  will  be  described  below.  The  most  primitive  type  of  these  organs  is 
seen  in  the  swimming  forms,  as  minute  hair-like  extensions  of  the  super- 
ficial layer  of  the  body-protoplasm,  arranged  in  rows  to  form  a fur-like 
covering  to  the  body,  but  the  primitive  simple  arrangement  of  the  rows  of 
cilia  becomes  modified  in  various  ways.  The  first  specialisation  of  the  ciliary 
ap[)aratus  is  the  acquisition  of  an  adoral  or  peristomial  zone  of  larger 
cilia,  specialised  for  the  capture  of  food  by  causing  water  currents  towards 
the  mouth,  while  the  cilia  of  the  general  body-covering  remain  pureh' 
locomotor  in  function.  The  locomotor  cilia  may  be  reduced  in  numlier 
and  specialised  in  ai-rangement,  or  in  fixed  forms  ma}'-  be  absent  altogether. 
In  addition  to  cilia  of  the  primitive  type,  other  organs  may  be  pi-esent  which 
are  probabl}'^  derived  from  them,  such  as  the  cirri  and  the  membranellse. 

The  body  of  a Ciliate  Infusorian  is  enclosed  by  a cuticle  or 
which  may  be  very  thin,  or  may  be  greatly  thickened  to  form  a jointed 
armour  or  lorka  as  in  Coleps.  The  ])ellicle  is,  with  jarc  exceptions,  inter- 
rupted at  one  point  by  a definite  cell-mouth  or  rijstoslome  for  the  ingestion 
of  food.  The  faecal  substances  arc  rejected  by  a pore  which  is  probably 
also  constant  in  po.sition,  though,  as  a rule,  only  visible  when  in  use;  but 
in  some  cases  there  is  a definite  cell-anus  or  cytopyge,  recognisable  at  all 
times.  The  mouth  is  i)rimitively  a slit  or  pore  which  forms  a passage 
through  the  ectoplasm,  and  which  may  be  capal)le  of  being  closed,  or 
may  remain  permanently  open ; in  the  latter  case  there  may  be  s{)ecial 
arrangements  for  keeping  the  aperture  distended.  The  mouth  may 
remain  at  the  surface  of  the  body,  or  may  be  cai'ried  inwards  by  a funnel- 
shaped  depression  of  the  ectoplasm,  whereby  a vestibule  or  cesophagus  is 
formed  as  a tube  leading  to  the  true  mouth.  In  this  vestibule  arise  the 
special  adoral  differentiations  of  the  cilia  already  mentioned. 
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Internal  to  the  pellicle  the  body  is  always  divisible  into  ectoplasm 
and  endoplasm,  sometimes  termed  cortex  and  medulla  in  this  class  of 
Protozoa.  The  ectoplasm,  of  which  the  pellicle  is  to  be  reckoned  as  the 
outermost  portion,  is  typically  comi)osed  of  an  external  alveolar  layer 
and  an  internal  excretory  layer.  From  the  alveolar  layer  arise  the  cilia, 
piercing  the  pellicle  to  pass  to  the  exterior.  Below  each  row  of  cilia 
contractile  fibres  or  myonemes  are  found  running  in  a longitudinal 
direction.  In  imuiy  Ciliata  the  alveolar  layer  also  contains  minute 
spindle-shaped  bodies  called  trichocysts,  probably  defensive  or  offensive 
in  nature,  from  which  on  stimulation  a delicate  thread  can  be  shot  out. 
The  lower  or  excretory  layer  of  the  ectoplasm  contains  a system  of 
channels  from  which  the  contractile  vacuoles  are  fed.  One  or  several 
contractile  vacuoles  may  be  present. 

The  endoplasm  or  medidla  is  far  more  fluid  in  nature  than  the  ecto- 
plasm, and  exhibits  movements  of  rotation  during  life.  It  lodges  the 
food-vacuoles,  granulations  of  various  kinds,  and  the  two  nuclei.  The 
macronucleus  is  a conspicuous  structure  usuall}’  of  compaet,  more  or  less 
oval  form,  but  is  subject  to  the  greatest  possible  variation,  being  single  or 
multiple,  sometimes  even  in  a condition  of  fragmentation,  and,  when 
single,  it  may  be  drawn  out  to  be  sausage-shaped,  or  moniliform.  The 
micronucleus  is  usually  single,  occasionally,  however,  multiple,  and 
appears  during  the  vegetative  life  of  the  animal  as  a minute  refringent 
body  which  stains  with  difficulty,  and  is  easily  overlooked. 

The  reproduction  of  Ciliata  takes  place  in  the  active  condition  by 
fission  or  gemmation,  and  in  the  encysted  condition  by  sporulation. 
Binary  fission  is  typically  transverse  to  the  morphologically  longitudinal 
axis  of  the  body.  It  is  preceded  by  doubling  of  the  contractile 
vacuoles,  and  division  of  the  two  nuclei.  The  micronucleus  divides 
by  a simple  form  of  mitosis,  the  macronucleus  by  the  direct  method. 

Encystment  frecpiently  takes  place  in  Ciliata  as  a protection  against 
desiccation  or  other  unfavourable  conditions.  Parasitic  forms  ai’e  able  in 
this  manner  to  pass  out  of  the  host,  and  remain  dormant  until  taken  up 
by  a fresh  host.  Within  the  cyst  the  animal  may  remain  without  multi- 
plication until  in  favourable  circumstances  it  is  able  to  become  free  from 
the  cyst  and  to  recommence  an  active  existence,  after  having  renewed  its 
locomotor  apparatus  temporarily  lost.  Or  the  encysted  animal  may  by  a 
process  of  multiple  fission  give  rise  to  a number  of  minute  individuals, 
which,  under  suitable  conditions,  are  set  free  and  develop  each  into  an 
individual  of  the  ordinary  type. 

Many  observations  and  experiments  shew  that  this  process  of  vegeta- 
tive reproduction  cannot  continue  indefinitely,  but  leads  after  a time  to 
signs  of  senility  and  degeneration  in  the  animalcules,  requiring  a renewal 
of  the  vital  powers  which  is  given,  apparentijq  by  the  process  of  sexual 
fertilisation.  In  correlation  with  the  highly  complex  organisation  of  the 
Infusoria,  the  process  of  conjugation  is  also  extremely  complicated,  and 
subject  to  great  variation  in  detail. 

The  process  of  events  is  essentially  as  follows  in  all  cases  : 
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(1)  Degeneration  and  ultimate  absorption  of  the  macronucleus. 

(2)  Division  of  the  micronucleus  of  each  gamete  to  form  a certain 
number  of  daughter-nuclei,  typically  four,  which  ai-e  all  absorbed  except 
one.* 

(3)  Division  of  the  single  remaining  daughter-micronucleus  into 
two  pronuclei,  which  may  be  distinguished  as  the  active  and  passi^■e 
})ronuclei. 

(4)  Migration  of  the  active  ])ronucleus  of  each  gamete  across  into 
the  body  of  the  other  gamete,  if  the  gametes  remain  distinct,  to 
fuse  with  the  passive  pronucleus  of  the  other  gamete.  If  the 


A 


Fi'i.  VO. — A,  Vhilodon  ciicullulus  ; B,  Vhilodon  deutatu.i,  drawn  in 
outline  only,  m,  month,  .suiiporteil  by  an  ai)paratu.s  of  rods  ; 
n.z,  adoral  zone  of  cilia,  not  specially  enlarged ; c.v,  the 
numerou.s  contractile  vacuoles;  N,  macronucleus  ; n,  micro- 
nucleus  ; u,  anus  from  which  the  shells  of  two  diatoms,  d, 
•are  being  extended.  From  Biitschli,  A,  after  Stein,  B,  after 
Gruber. 


Fio.  SO. — Bfdantidiiim  coli,  .shew- 
ing nucleus  (on  the  right), 
vacuoles  (on  the  left),  peri- 
stome (i)laced  uppermost), 
and  a mass  of  food  ingested 
(towarils  the  lower  end  of 
the  figure).  After  Leuckart, 
from  Braun. 


gametes  have  fused,  the  same  process  goes  on  within  the  body  of  the 
zygote. 

(5)  Division  of  each  synkaryon  into  two  sister-nuclei,  one  of 
which  increases  rapidly  in  size  to  form  a new  macronucleus,  tfiking  the 
jflace  of  the  old  one,  while  the  other  remains  small,  and  becomes  a 
micron  Helens. 

Keproduction  results  therefore  in  the  complete  renewal  of  the  nuclear 
apparatus  of  the  gametes,  each  being  provided  finally  with  a pair  of  dis- 
similar nuclei  derived  entirely  from  the  synkaryon.  Each  individual  then 
starts  a fresh  cycle  of  vegetative  activity,  and  fission  is  sometimes  so 
]-aj)id  immediately  after  conjugation  that  its  products  are  small  individuals, 
which  grow  to  the  normal  size  of  the  species.  From  the  facts  it  may  be 
inferred  that  the  macronucleus  of  Infusoria  is  vegetative  in  function, 
regulating  the  activity  and  metabolism  of  the  individual  cell-body,  and 


iiS 


SVSr£M  OF  MEDICINE 


tending  in  consequence  to  become  worn  out  and  effete  ; but  that  the 
micronucleus  consists  of  generative  chi’omatin  held  in  reserve  for  the 
j)rocess  of  conjugation,  after  which  it  gives  off  material  which  becomes  the 
vegetative  chromatin  of  a fresh  cycle  of  generations,  taking  the  plade  of 
that  which  had  become  effete. 

Among  the  Ciliata  an  entozoic  habitat  is  fairly  common.  They  are 
found  chiefly  in  the  digestive  tracts  of  their  hosts,  sometimes  in  other 
internal  cavities,  but  never  as  tissue-parasites.  The  Ciliata  include  four 
orders : — 

(1)  Order  llolotriclm.  The  cilia  are  approximately  of  equal  length 
and  thickness  all  over  the  body,  without  any  special  adoral  zone  of 
enlarged  cilia. 

Familiar  examples  are  the  common  Paramecium  and  the  parasitic 


Fio.  SI. — Bahuitidiiim  minutiim  Scliaml.  shewing 

nucleus,  contractile  vacuole,  anil  food-  Fio.  S2.~Nyctotherus  fnha  Scliaud.  From  life.  After 
vacuoles  in  the  endoplasm.  After  Schaudinn,  Schaudinn,  from  Braun, 

from  Braun. 


genus  Opalina  already  mentioned.  Two  species  belonging  to  this  order 
have  been  described  from  the  human  intestine,  CJnlodon  dentatus  (Duj.) 
(Fig.  79)  and  Colpoda  cucuUm  {vide  C4uiart  [27]). 

(2)  Order  Heterotricha.  A special  adoral  zone  of  larger  cilia  is  always 
present. 

Genera  belonging  to  this  order  are  found  very  commonly  occurring 
as  parasites  in  the  intestines  of  various  animals.  Two  genera  are 
known  which  include  species  parasitic  in  man,  namely,  the  genera 
P)(daniidUnn  and  Ayctotherns. 

The  genus  Balantidium  is  characterised  by  an  oval  body  with  the 
peristome  starting  from  near  the  anterior  end,  where  it  is  broadest, 
becoming  narrower  as  it  passes  backwards  on  the  side  of  the  body ; at 
the  opposite  pole  of  the  body  is  the  anus.  The  nucleus  is  compact,  oval, 
or  almost  sausage-shaped,  with  a single  micronucleus  close  to  it.  B.  coli 
(.Malmsten)  occurs  commonly  in  the  rectum  of  the  pig,  occasionally  in 


PROTOZOA 


119 


the  colon  of  man  (Fig.  80).  A second  species,  B.  minnium  Schaudinn, 
has  also  been  described  from  man  (Fig.  81). 

The  genns  Xi/ctofherus  has  the  body  bean-shaped,  with  the  large  peri- 
stome on  the  concave  side,  and  extending  from  the  anterior  end  to  about 
the  middle  of  the  body,  at  which  point  the  long,  curved  msoi)liagus  arises 
and  passes  into  the  body.  The  macronucleus  is  compact  and  oval  in  form, 
with  a single  micronucleus  situated  close  to  it.  The  single  contractile 
vacuole  is  at  the  posterior  end  of  the  body,  close  to  a distinct  anal  tube 
opening  at  the  posterior  pole.  Species  of  this  genus  are  found  parasitic 
in  the  cockroach  and  the  frog,  and  can  nearly  always  be  found  in  the 
digestive  tracts  of  these  animals.  A single  species,  faha  Schaud.  has 
been  described  from  the  digestive  tract  of  man  (Fig.  82). 

(3)  Order  Ifi/potriclia.-  Ciliata  of  creeping  habit,  Avith  well-marked 
dorsal  and  ventral  surfaces,  and  usually  with  cirri  in  addition  to,  or 
without,  ordinary  cilia.  The  common  Sfi/loni/chia  is  a well-known  example 
of  this  order,  Avhich  contains  no  forms  occurring  as  internal  parasites. 

(4)  Order  Perifricha. — Ciliata  generally  of  fixed  habit,  hence  without 
locomotor  cilia,  which,  if  present,  take  the  form  of  a ring,  present  per- 
manently or  developed  temporaiily,  near  the  aboral  end  of  the  body. 
Apart  fi'om  this  ring  the  body  has  no  cilia  other  than  the  adoral  spiral 
zone.  The  familiar  Forficella  may  be  cited  as  a characteristic  example  of 
the  order,  Avhich  contains  no  forms  of  entozoic  habit. 

E.  A.  Minciiin. 
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MOSQUITOES  OR  CULICID2E 

By  Fred.  V.  Tjikorald,  M.A. 

Of  all  blood-sucking  insects  the  mosquitoes  are  the  most  important,  not 
only  because  their  bites  are  a constant  source  of  annoyance  in  all  climates, 
but  because  the  part  they  play  in  the  spread  of  certain  diseases  is  most 
inimical  to  man.  Any  mosquito  may  carry  blood  organisms  or  poisons,  and 
thus  their  bites  may  prove  not  only  irritating  but  dangerous  to  the  bitten 
j)erson.  It  is,  hmvever,  their  share  in  the  diffusion  of  certain  definite 
diseases  that  makes  them  of  such  vital  medical  interest.  These  insects 
not  only  carry  the  germs  of  disease,  but  constitute  the  host  in  which  the 
germs  pass  part  of  their  life-cycle,  so  that  without  the  mosquito  those 
parasites  could  not  exist.  For  this  reason  the  most  exact  and  extensive 
knowledge  concerning  the  life-history,  habits,  and  structure  of  these  flies 
is  essential.  The  diseases  in  which  mosquitoes  play  a prominent  part  are 
the  malarial  fevers,  yellow  fever,  filariasis,  dengue,  and  possibly  others. 
In  the  case  of  yellow  fever,  in  which  the  organism  is  uncertain,  it  is 
not  at  present  known  that  the  mosquito-carrier  acts  in  any  way  as  the 
host  of  the  ])arasite,  but  this  has  been  conclusively  proved  to  be  true  as 
regards  malaria  and  filariasis  by  Ross,  Grassi,  Manson,  Bancroft,  and 
others.  To  understand  and  study  the  life-histories  of  these  disease- 
})roducing  parasites,  a working  knowledge  of  the  internal  anatomy  of  the 
mosquito  is  therefore  necessary. 

Oidy  certain  species  are  at  present  known  to  carry  definite  diseases. 
For  instance,  yellow  fever  is  carried  only  bj^  the  tiger  moscpiito,  Stego- 
myia  fasciata  Fabricius  ; filarine  by  Oulex  fatigan.<<  Wiedemann,  and  possibly 
by  Myzomyia  rossii  Giles  and  others.  On  the  other  hand,  malaria  is 
distril)uted  by  many  species  which  all  belong  to  one  particular  group  of 
these  insects  called  Anopheliiife. 

Mosquitoes  belong  to  a family  of  Diptera  or  two-winged  flies  called 
CuLiciD.E.  The  Culicidee  can  be  told  at  once  from  all  other  Diptera  by 
the  following  characters,  which  are  important,  since  many  other  insects, 
that  have  no  possible  beai-ing  on  the  diseases  spread  by  mosquitoes,  are 
often  confused  with  the  Culicidre. 

Characters  of  the  Culieidse. — The  body  of  the  mosquito,  as  in  other 
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Hexapoils  (erroneously  called  insects),  is  divided  into  three  regions : — 
(i.)  the  head,  (ii.)  the  thorax,  and  (iii.)  the  abdomen. 

The  head  has  the  mouth-parts  drawn  out  into  a long  piercing  proboscis, 
often  as  long  as  or  even  longer  than  the  whole  body.  The  head,  thorax, 
and  abdomen,  as  a rule,  are  clothed  with  distinct  scales  (all  Cnlicines  and 
Aedines),  but  these  may  only  occur  on  the  head  {Anopheles  sen.  st.),  the 
thorax  and  abdomen  being  hairy.  The  wings  have  normally  six  longi- 
tudinal veins  ( Anophelines,  Cnlicines,  etc.),  but  in  one  group  they  have 
seven  (l  leptaphlebomyines) ; all  have  two  distinct  fork-cells,  and  the  veins 
in  all  true  Cnlicid:B  have  definite  shaped  scales  along  them ; the  so-called 
costal  veiii — the  vein  along  the  outer  edge  of  the  wing — passes  comjiletely 
around  the  wing  and  carries  scales,  which  form  a more  or  less  pronounced 
fringe.  Mosquitoes  undergo  a complete  metamorphosis,  that  is,  there 
is  an  active,  growing,  feeding  stage — the  larva ; a non-growing,  non- 
feeding stage — the  pupa,  during  which  stage  the  larva  is  transformed 
into  the  active.  Hying,  sexual  adult  — the  mosquito.  In  all  known 
Cnlicidie  the  larval  and  pupal  stages  are  passed  in  water  or  very  damp 
mild,  and  it  is  quite  unlikely  that  any  will  be  found  to  be  other  than 
aipiatic  in  their  immature  stages. 

The  External  Structure  of  a Typical  Mosquito  (Fig.  85). — The 
three  main  areas,  (i.)  the  head,  (ii.)  the  thorax,  and  (iii.)  the  abdomen, 
into  which  the  mosquito  is  divided,  are  sharply  separated  from  one 
another.  The  head  varies  in  its  general  form  in  the  different  groups, 
but  can  be  reduced  to  a simple  type.  On  each  side  there  is  a large 
compound  eye  (Fig.  85,  D),  which  occupies  a greater  area  in  the 
males  than  in  the  females.  The  eyes  are  frequently  of  a beautiful 
colour  in  life,  but  fade,  as  a rule,  in  dried  specimens ; there  are  no 
very  important  characters  to  be  noticed  in  these  typical  hexapod  organs. 
The  space  between  the  eyes  above  is  called  the  occiput,  and  that  between 
them  in  front  the  vertex;  the  sides  of  the  head  the  gense,  the  back  the  nape 
or  neck  ; the  front  of  the  head  lietween  the  eyes  is  called  the  frons,  which 
in  certain  genera  (Rnnchomyia)  may  project  as  a prominence.  The  head 
is  covered  more  or  less  completely  with  scales  and  bristles  or  chcetpe.  Pro- 
jecting forward  from  the  head  is  a blunt  process — the  clypens  (<7).  This 
may  be  simple  (Cnlex)  or  may  be  ridged  with  lateral  processes  (Qnasistego- 
myia,  etc.)  ; it  may  be  nude  (Anopheles,  Cnlex,  etc.),  or  hairy  (Joblotia),  or 
with  scales  (Stegomyia).  The  month  is  prolonged  into  a long  sucking  and 
piercing  tube  called  the  proboscis  {A),  which  is  straight  in  most  genera 
(Cnlex,  Anophelines,  Stegomyia,  etc.),  or  much  cniwed  (Megarhinns,  Toxo- 
rhynchites),  or  elbowed  (Tdmatns).  The  proboscis  may  be  shorter  (Urano- 
tienia)  or  longer  (Dendromyia)  than  the  body,  and  may  be  acuminate 
(Cnlex)  or  swollen  apically  (Uranoticnia).  The  month-]iarts  (Fig.  83)  con- 
stituting the  proboscis  are  as  follows ; — the  labnim,  epipharynx,  or  upper 
lip  {IT)]  two  sharp  lancet-like  needles — the  mandibles;  two  pointed 
maxillae;  a single  flattened  process — the  hypopharynx  (/I);  and  the  large 
gutter-shaped  lower  lip  or  labium  which  ends  in  two  jointed  processes — 
the  labella  {E).  The  labium  is  fleshy,  covered  with  scales  outside  and 
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deeply  grooved  inside,  and  when  at  rest  the  groove  contains  the  piercing 
mouth-parts.  Closing  in  the  groove  above  is  the  labruni,  with  the  epi- 
pharynx,  with  which  it  is  fused,  as  seen  in  the  section  (Fig.  84);  this  is 
deeply  grooved.  Beneath  it  lies  tlie  hypopharynx,  which  is  flat,  and  forms 


I 


Fig.  83.— He.ail  of  Culex.  A,  antenna  ; 0,  clypeus  ; J',  palpi.  If,  upper  lip  ; 
hyi)opliarynx ; C,  mandibles;  I),  maxilla;;  E,  lower  lij). 

with  the  labrum  the  tube  Ity  whicli  the  blood  is  drawn  into  the  mosquito’s 
body  ; the  hypopharynx  is  perforated  by  the  salivary  duct,  and  down  this 
tube  the  saliva  is  ejected  into  the  wound  caused  by  the  insect.  The 
mandildes  and  maxillae  are  thin,  sharp,  chitinous  rods ; the  latter  usually 
have  the  terminal  cutting-edge  serrated.  The  fleshy  labium  acts  as  a 
protecting  organ  to  these  more  delicate  mouth-parts,  all  of  which  peneti-ate 
the  skin  in  the  act  of  feeding,  whilst  the  labium  remains  outside,  the 
piercing  organs  passing  between  the  lient  labella.  The  whole  labium 
l)ends  on  itself  as  the  other  organs  enter  the  flesh,  and  to  some  extent 
guides  them  during  the  process.  In  the  male  the  mandibles  and  maxillte 
are  very  rudimentary,  hence  the  male  mosquitoes  do  not  bite  as  a rule. 

There  is  considerable  modification  in  the 
minute  structure  of  these  mouth-parts  in  the 
dift'erent  groups. 

Closely  attached  to  the  mouth  ai-e  the 
pal])s  or  sensory  organs  (Fig.  83,  F,  and 
Fig.  85,  JJ),  by  the  characters  of  which  the 
groups  of  CulicidiE  have  in  the  j)ast  been 
separated.  These  organs  are  composed  of 
two  or  more  segments.  Bi  some  instances 
they  are  very  short  (Aedinaj)  in  the  female 
and  male,  in  others  they  are  long  in  both 
sexes  (Anophelime,  Megarhinus),  while  in 
others  they  are  long  in  the  males  but  short 
in  the  females  (Culex).  They  may  be  as 
long  as  the  proboscis  in  the  females  (Ano- 
pheles), half  as  long  (Runchomyia),  or  scarcely  perceptible  (Uranotfenia). 
In  the  males  when  long  they  may  excel  the  i>roboscis  in  length  (Culex, 
Megarhinus,  etc.),  and  may  be  acuminate  or  clubbed  (ATiopheliiije, 
Theobaldia).  The  greatest  number  of  segments  seems  to  be  six.  The 
I^alps  vary  greatly  in  size  and  shape  in  closely  allied  groups,  and  so 


Fig.  84. — Section  of  probo.scis.  ,-l, 
upper  lip;  II,  lower  lip;  C, 
hypopharynx ; D,  duct ; E, 
mandibles;  F.  inaxillne;  II, 
trache-.c ; 0,  extensor  and  flexor 
niuscle.s.  After  Nuttall  and 
Shipley. 
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cnniiot  be  taken  as  valid  characters  of  higher  value  than  for  separating 
species.  (Note  the  long  palps  in  the  female  Megarhinns  and  the  short 
ones  in  the  closely  allied  Toxorhynchites.)  The  anteniuv  (Fig.  83,  and 
Fig.  85,  P\  the  remaining  structures  to  be  noticed  on  the  head,  are  com- 
posed of  a large  basal  segment  and  a long  flagellum  made  up  of  many 
segments.  In  the  female 
the  segments  are  provided 
with  short  hairs  arranged 
in  circles,  in  the  males 
the  antenna}  are  usually 
plumose,  the  verticillate 
hairs  being  long  (Culex, 

Anopheles,  Stegomyia),  but 
they  may  be  only  pilose 
as  in  the  female  (Sabethes, 

Sal)ethoides,  AVyeomyia, 
etc.).  In  certain  genera 
the  basal  segments  of  the 
flagellum  are  modified, 
some  being  long  and  thin 
(Deinocerites),  others  short 
and  thick  and  scaly  (Mega- 
rhinus)  ; in  one  group  the 
verticillate  hairs  of  one 
Avhorl  become  modified  into 
a definite  organ  (Lopho- 
ceraomyia). 

The  thorax  forms  a 
large  area  between  the 
head  and  the  abdomen. 

The  major  portion  is  com- 
])osed  of  the  mid-thorax  or 
mesothorax  {(!),  which  at 
the  back  always  has  a small 
shai-ply  restricted  piece — 
the  scutellum  ( II) — present- 
ing in  the  Anophelinaj  a 
simple  rounded  posterior 
border,  whilst  in  the  other 
groups  it  is  distinctly  trilobed.  The  prothorax  is  repi-csented  by  two 
lateral  processes  called  the  prothoracic  lobes  (E).  The  hind  part  or 
metathorax  (/)  is  rounded  and  placed  under  the  scutellum  ; at  the  sides 
are  plates  constituting  the  pleura?,  which  are,  however,  of  little  diagnostic 
value.  All  parts  of  the  thorax  may  be  covered  with  scales;  as  a rule 
the  metathorax  is  nude  (Metanotopsiloe)  (Fig.  97,  C),  but  it  may  carry 
.scales  and  chfette  (Metanototrichje)  (Fig.  97,  A and  B). 

The  organs  of  locomotion  (wings  and  legs)  are  attached  to  the  thorax. 


Fio.  85. — Stnicturp  of  .a  typical  mosquito.  A,  proboscis;  7J, 
palpus  ; C,  clypeus  ; D,  eye  ; E,  occiput ; I<\  prothoracic 
lobe;  (i,  mesothorax;  //,  scutellum;  I,  melathorax  : J, 
abdomen  ; K,  femur ; tibia  ; jV,  metatarsus  ; N,  tarsus  ; 
0,  ungues ; P,  antenna ; Q,  wing ; II,  halter ; .s’,  mahi 
genitalia;  7’,  basal  lobe  of  genitalia;  V,  clasper ; V,  vein- 
scales;  ir,  fringe-scales;  i and  ? ungues. 


126 


SYS'fEM  OF  MEDICINE 


the  wings  to  the  upper  portion,  the  legs  to  the  sides  of  the  plenrje. 
Culicidje,  in  common  with  all  Diptera,  have  two  wings  arising  from  the 
side  of  the  mesonotum  towards  its  posterior  end,  while  attached  to  the 
metathorax  at  its  base  are  the  pair  of  club-shaped  processes,  the  balancers, 
poisers,  or  halters,  which  are  remnants  of  the  second  pair  of  wings. 

The  venation  of  the  wing  is  shewn  in  Fig.  86.  The  costal  vein  runs 
around  the  whole  l)order  of  the  wing ; there  are  six  longitudinal  veins  in 
all  but  the  Heptaphlebomyina),  in  which  there  are  seven.  Beneath  the 
upper  costal  border,  arising  from  the  root  of  the  wing,  is  the  subcostal 
vein,  which  joins  the  costal  before  the  tip  of  the  wing ; l)eneath  it  comes 
the  first  longitudinal  vein,  which  ends  near  the  tip  of  the  wing.  The 
second  long  vein  arises  from  the  first,  and  ends  in  two  branches  which 
form  the  so-called  first  submarginal  cell  (the  first  fork-cell).  The  thii-d 
long  vein  is  simple,  and  arises  at  or  near  the  junction  of  two  cross-veins, 
the  supernumeraiy  and  the  mid.  The  fourth  arises  from  the  base  of  the 


Fig.  80. — Wing  of  Culex,  1 to  0,  to  sixth  longitudinal  veins  ; and  6&,  U]iper  and  lower  bi'anches 
of  fifth  vein;  A,  first  submarginal  cell;  I),  second  posterior  cell;  C,  subco.stal  cell;  h,  marginal 
cell ; /f,  second  snbmarginal  cell ; V,  first  posterior  cell ; <!,  third  posterior  cell ; Jl,  anal  cell  • I, 
auxiliary  cell ; ./,  spurious  cell ; A’,  second  basal  cell ; //,  fir.st  basal  cell ; jl/,  co.stal  cell ; ((.marginal 
cross-vein  ; h,  snpermimeniry  cro.ss-vein  ; c,  mid  cross-vein  ; d,  posterior  cross-vein. 

wing,  and  terminates  in  two  branches  which  form  the  second  posterior 
cell  (second  fork-cell).  The  fifth  also  arises  from  the  base  of  the  wing, 
and  sends  off  a branch  about  or  shortly  after  half  its  length.  The  sixth 
and  seventh  both  arise  from  tlie  base  of  the  wing,  and  are  both  simple. 
The  remaining  parts  of  the  wing,  the  cell -areas,  etc.,  are  named  in 
Fig.  86. 

The  legs  are  attached  to  the  ]iro-,  meso-,  and  meta-thorax  rings 
on  the  lower  part  of  the  pleurae.  E;ich  leg  consists  of  nine  segments. 
The  basid  one,  by  means  of  which  they  are  attached  to  the  body,  is  called 
the  coxa  ; then  follows  a small  segment,  the  trochanter,  which  is  succeeded 
by  the  large  femur,  then  the  shank  or  tibi;i,  and  the  foot,  made  up  of  five 
segments,  the  basal  one  of  which  is  usually  much  the  longest  and  known 
as  the  metatarsus,  the  four  remaining  parts  constituting  the  tarsus.  The 
femorii  and  tibim  Jire  often  bristly,  and  there  may  be  sjfines  on  all  the  jfarts, 
Avhich  fire  always  covered  Avith  either  closely  appressed  or  outstanding 
scales.  The  last  segment  ends  in  two  claws  or  ungues,  Avhich  in  the  female 
are  ;dways  equal ; in  the  male  the  fore  and  the  mid  pair  are  always 
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unequal  in  size,  whilst  the  posterior  ones  are  the  same  in  size.  The 
ungues  in  the  female  may  be  simple  or  uni-serrated  (Fig.  85,  9 ),  in  the 
male  the  fore  and  mid  may  be  uni-,  bi-,  or  even  tri-sei'rated  (Fig.  85,  ). 

The  legs  are  not  subject  to  any  marked  modifications. 

The  halters  {R)  need  scant  reference,  as  they  do  not  possess  aii}'^ 
characters  of  diagnostic  value,  lloughh',  they  consist  of  a basal  swelling, 
a narrow  stem,  and  a swollen  cup-shaped  or  funnel-shaped  knob,  which 
is  usually  scaly. 

The  abdomen  presents  but  few  features  worthy  of  notice.  It  con- 
sists of  eight  segments,  in  the  female  terminating  in  two  lobes,  and 
in  the  male  in  distinct  genitalia,  consisting  of  basal  lobes,  claspers,  and 
various  prominences.  The  male  genitalia  are  useful  characters  for  se])arat- 
ing  very  closely  allied  species.  Except  in  the  true  Anopheles  the  abdomen 
is  more  or  less  coated  with  scales,  and  may  have  lateral  tufts  of  scales  and 


Fio.  87. — «,  broad  asymmetrical  scale  ; b,  parti-coloured  scale  ; c,  Cyclolepidopteron  scale  ; d and  e,  broad 
and  narrow-curved  scales  ; /,  spindle-shaped  scale  ; g,  linear  scale  ; A,  lanceolate  scale  ; i,  liair-liko 
scale  ; j,  Ticuiorhynchus  .scale ; k,  spatulate  scale  ; I,  heart-shaped  scale ; m,  n,  and  «,  upriiTht- 
forked  scales. 

bristles.  Each  segment  has  a row  or  rows  of  bristles  along  its  posterior 
border,  and  frequently  many  at  the  apex.  In  some  Megarhinime  there 
may  be  lateral  fans  of  scales.  Usually  the  body  is  straight  (Anopheles, 
Stegomyia,  etc.),  but  it  may  be  curved  (Psorophora),  and  notched  below 
(Gualteria). 

Scales  (Fig.  87). — The  most  important  characters  by  which  mostpiitoes 
can  be  grouped  and  identified  are  the  scales.  A few  observers  have 
attempted  to  ignore  these  important  characters,  but  all  the  chief  authorities 
on  Culicidm,  such  as  Lutz,  Goeldi,  Leicester,  Grabham,  Ludlow,  Blanchard, 
Ventrillon,  Felt,  have  adopted  them.  The  scales  of  the  head  are 
usually  in  three  forms — (i.)  narrow-curved  scales  (Fig.  87,  d and  e),  (ii.) 
upright-forked  scales  (m,  n,  0),  (iii.)  flat  or  spatulate  scales  (Ic) ; in  a few 
cases  they  may  be  (iv.)  sjiindle-shaped  (/'),  or  (v.)  twisted  scales.  The 
scales  of  the  thorax  are  in  the  form  of  (i.)  narrow-curved  scales,  (ii.)  hair- 
like curved  scales  (i),  (iii.)  spindle-shaped  scales,  (iv.)  flat  spatulate  scales, 
(v.)  twisted  scales.  There  are  never  upright-forked  scales  on  any  part  of 
the  thorax  or  abdomen. 
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On  the  abdomen  the  scales  are  usually  (i.)  flat  spatulate  forms,  but 
they  may  be  (ii.)  spindle-shaped  (Cellia),  (iii.)  narrow-curved  (Pyreto- 
phorus),  (iv.)  twisted  upright  scales  (Mucidus). 

The  scales  of  the  wings  are  still  more  varied,  and  are — (i.)  narrow, 
straight,  linear  scales  (Culex)  {g)  \ (ii.)  short,  broad,  s]Datulate  scales 
(Melanoconion) ; (iii.)  broad,  straight  scales  (Tjcniorhynchus)  (7) ; (iv.) 
very  broad,  flat,  asymmetrical  forms  (Mansonia)  («) ; (v.)  heart-shaped 
scales  (Etorleptiomyia)  (/) ; (vi.)  long  and  short  lanceolate  scales  (Ano- 
pheles and  Pyretophorus)  (/(),  and  many  others. 

The  scales  of  the  wing-fringe  are  in  three  series  (Fig.  85,  W),  long  and 
short  fringe  scales,  which  are  pointed,  and  small  border  scales,  which 
vary  in  form,  some  spatulate,  others  of  Mansonia  type.  Each  vein  has 
median  vein  scales  and  lateral  scales,  which  usually  differ  in  form  (Fig. 
85,  V). 

The  Internal  Anatomy  (Fig.  88). — The  mosquito’s  alimentary  canal 


Fio.  «8.— liitenu-il  Anatomy  of  a Mosquito.  A,  pharynx;  Jl,  ojsophagus ; C,  dorsal  re.servoirs ; /), 
ffisophagcal  valve  and  ca-ca ; K,  mid-gut  begins  ; F,  .Malpighian  tube ; (/’,  stomach  ; H,  mid-gut 
eiuls  ; 1,  ileum;  .f,  colon;  A',  ,rectun\ ; A,  anus;  M,  ventral  reservoir;  N,  salivary  glands;  0, 
salivary  duct.  After  Xuttall  and  Shipley. 

and  its  accessory  organs  {stomachy  salivary  glands)  are  of  paramount 
interest,  because  they  contain  the  malarial  parasites.  The  more  compli- 
cated muscular  system  is  also  of  importance,  from  the  presence  of  the 
embryo  Filariai  in  the  thoracic  muscles. 

The  more  important  parts  of  the  internal  anatomy  can  be  easily  dis- 
sected out,  but  the  minuter  elements,  muscles  and  so  forth,  as  M^ell  as  the 
Filariaj  embedded  in  the  thoracic  muscles,  must  be  shewn  by  serial  sections. 
The  alimentary  canal  really  starts  at  the  apex  of  the  proboscis,  the  struc- 
ture of  vdiich  has  been  dealt  with  previously,  and  ends  at  the  terminal 
anus.  A pumping  organ  sucks  the  blood  up  through  the  tube  formed  of 
the  labrum  and  hypopharynx.  The  h}qDopharynx  itself  is  perforated  by  a 
small  tube  connected  Muth  the  salivary  glands,  through  which  the  saliva 
is  ejected  when  the  mosquito  bite.s. 

The  various  mouth-parts  coalesce  behind  the  clypeus  ; this  spot  in- 
dicates the  actual  mouth. 

The  mouth  is  followed  by  the  buccal  cavity,  which  opens  into  the 
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pharynx  (Fig.  88,  A)  by  a valvular  arrangement.  The  or  pumj)- 

ing  organ,  by  which  the  mosquito  sucks  up  fluid,  extends  from  the  buccal 
cavity  through  the  head  or  near  to  the  back  of  the  head,  where  it  joins 
the  tesophagus.  It  is  tubular  at  its  commencement,  lait  subsequentlv 
becomes  enlarged,  and  is  much  bigger  in  the  female  than  in  the  male,  and 
is  partially  chitinous.  The  tesopkafpis  (B)  is  a very  short  tiil)c  which  ex- 
teiuls  from  the  pharynx  to  the  so-called  msophageal  valve.  Running  from 
the  msophagus  are  three  large  blind  sacs — food  reservoirs — one  ventral 
and  two  latero-dorsal  (C') ; the  large  ventral  reservoir  (M)  extends 
back  to  the  seventh  segment  when  filled  with  blood  or  vegetable  fluids. 
The  rather  wild  hypothesis  -was  put  forward  by  Colonel  Giles,  I.M.S.,  that 
these  structures  are  analogous  to  the  air-sacs  of  birds.  That  they  act  as 
food  reservoirs  was  shewn  by  Dr.  Nuttall  and  Mr.  Shipley  (17).  Nor 
have  they  any  connexion,  as  Grassi  supposed,  with  the  suctorial  organs. 

The  oesophagus  terminates  in  the  so-called  oesophageal  valve  (IJ),  which 
is  evidently  homologous  with  the  proventriculus  of  other  insects.  This 
serves  as  a valve  between  the  a'sophagus  and  the  mid-gut,  and  has  a 
number  of  protuberances,  six  according  to  Dr.  Nuttall  and  Mr.  Shiple}', 
nine  according  to  Grassi.  I have  seen  four,  so  that  they  may  A’arj^  in 
numher  in  different  species  or  genera. 

The  largest  part  of  the  alimentary  canal  is  the  mid-gut  (E  to  //) 
or  chylific  ventricle,  which  consists  of  a straight  tube  running  from  the 
oesophageal  valve  to  the  stomach  near  the  end  of  the  body  {i.e.  about  the 
level  of  the  sixth  segment).  The  “ stomach  ” (G)  is  the  posterior  dilated 
portion  of  the  miol-gut.  It  is  here  that  the  malarial  parasites  develop. 

The  hind-gut  begins  where  the  Malpighian  tubes  arise.  It  is  short 
and  slightly  flexed,  and  is  divided  by  Dr.  Nuttall  and  Mr.  Shipley  into 
three  areas — (I)  ileum,  (./)  colon,  and  (K)  rectum — and  ends  in  the 
anus.  The  ileum  is  very  short,  and  is  often  dilated  near  the  mid-gut. 
The  colon  succeeds  the  ileum  without  any  line  of  demarcation,  Avhilst  the 
rectum  forms  an  oval  cavity  into  Avhich  the  colon  suddenly  opens. 

The  rectal  space  is  much  diminished  by  the  protrusion  of  six  rectal 
caeca.  Each  rectal  caecum  consists  of  large  cells,  modified  from  the 
ordinary  lining  cells  of  the  rectum,  and  a bundle  of  tracheae  pass  up 
through  the  centre  of  each  caecum,  which  is  covered  externally  with  chitin. 
Their  function  is  not  definitely  known,  l)ut  is  probably  I'espiratory. 

The  sali ran/  glands  (N)  are  of  much  interest,  because  it  is  by  their  means 
that  man  is  infected  with  the  Haemamcebidae,  Filariae,  and  the  yellow- 
fever  parasite.  The  salivary  duct  is  not  connected  in  any  way  with  the 
alimentary  canal,  as  Colonel  Giles  states.  The  saliva  is  ejected  by  the 
hypopharynx  via  the  canal  arched  over  by  fine  lamelhe.  At  the  base  of 
the  hypopharynx  is  a structure  connecting  the  common  salivary  duct  and 
the  gi’oove.  This  is  not  a mere  receptacle,  l)ut  a pump,  de])cndent  on  the 
action  of  powerful  voluntary  muscles.  The  common  salivary  duct  (0)  ends 
in  the  centre  of  a chitinous  membrane  which  is  continuous  with  a highh' 
chitinous  cup  opening  into  the  hypopharynx.  The  common  duct  passes 
back  beneath  the  valve  of  the  buccal  cavity,  where  it  divides  into  two 
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ducts  of  similar  structure.  These  two  salivary  ducts  run  side  by  side 
along  the  ventral  wall  of  the  neck  into  the  thoracic  cavity  ; on  reaching 
this  region  they  diverge  and  branch  out  into  the  two  salivary  glands. 
Thus  there  is  no  connexion,  as  has  been  erroneously  stated,  with  the 
alimentary  canal.  Each  gland  consists  of  three  small  blind  cseca,  which 
vary  in  position  in  different  areas,  because  the  glands  have  to  accommo- 
date themselves  to  the  position  of  the  very  poAverful  thoracic  muscles 
which  propel  the  Avings.  These  trilobed  salivary  glands  are  surrounded 
by  fat-bodies,  and  are  very  large  in  proportion  to  the  size  of  the  mosquito. 
The  three  lobes  of  each  salivary  gland  consist  of  acini  of  similar  structure. 
For  further  details  the  reader  is  referred  to  Dr.  Nuttall  and  Mr.  Shipley’s 
paper  (17).  In  Psorophora  each  gland  has  five  lobes. 

The  Malpighian  tubes  (F)  are  developed  in  the  larA'a,  and  open  at  the 
same  level  into  the  hind-gut  at  the  junction  Avith  the  mid-gut.  In  the 
mosquito  they  are  five  in  number,  lie  freely  bathed  in  the  fluids  of  the 
hsemocoel,  and  are  richly  supplied  Avith  trachem.  They  are  pale  yelloAv 
in  colour  Avhen  AueAved  Avith  transmitted  or  reflected  light,  the  colour  being 
due  to  excretory  products.  That  they  are  undoubtedly  excretory  organs  is 
clear  since  uric  acid  and  other  renal  products  have  been  found  in  them 
in  addition  to  concretions.  In  most  Diptera  the  Malpighian  tulmles  are 
foxir  in  number,  but  in  all  Culicidee  so  far  examined  (Culex,  Anopheles, 
and  Aedes)  they  are  five. 

Genital  Organs. — The  female  genital  organs  consist  of  a pair  of  OAmries 
opening  into  a common  duct  by  the  ovarian  tubules.  Into  the  common 
tube  opens  a mucous  gland  and  also  by  a very  long  thin  duct  the  sperma- 
thecse  or  chitinous  sacs  Avhich  store  xip,  as  usual,  the  spermatozoa. 

The  male  genital  oi-gans  consist  of  tAvo  testes  united  by  A'asa  deferentia 
to  the  ejaculatory  duct.  To  each  vas  deferens  is  attached  a short  sac,  the 


ribbons  (Ttenioi’hynchus)  {r.  and  (f),  yet  others  separately  (Stegomyia, 
Mansonia,  Janthinosoma)  {h,  i,  a).  Their  form  differs  Avudely  in  the 
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various  genera.  In  Cule.v  they  are  l)ottle-sliaped,  in  Mansonia  the  neck 
is  long,  in  Stegoniyia  they  are  oval,  and  in  Anophelinaj  oval  with  distinct 
lateral  doats.  Those  in  each  group  may  be  told  by  minor  structural  differ- 
ences. In  the  malarial  Anopheliiue  the  sculpture  and  form  of  the  floats  are 
most  useful  for  i)urposes  of  differentiation.  In  most  cases  the  ova  are  laid 
by  the  female  on  water  (Cnle.x,  Anopheles,  Janthinosoma),  but  they  may 
be  laid  on  damp  mud  (Grabhamia),  or  on  leaves  {Dendronujia  smithii).  The 
length  of  time  the  eggs  take  to  incubate  vaiies  in  different  species  and  at 
different  times.  In  Culex  pipieus  they  will  give  rise  to  lai-viB  in  from 
four  to  six  days  after  deposition,  in  C.  futiejan^  in  two  or  tlu'ee  days ; in 
Megarhinns  they  take  much  longer,  and  also  in  Grabhamia  if,  as  often 
happens,  they  are  placed  on  mud.  In  Stegomyia  the  eggs  can  withstand 
prolonged  desiccation.  Some  I recei^■ed  by  the  courtesy  of  Dr.  Finlay 
from  Cuba  remained  two  months  after  arrival  in  a test-tube  and  then 
hatched  (-0,  vol.  iii.  p.  G). 

The  lapvse  fall  into  two  markedly  separate  groups  which  we  may 
designate  as  Siphonate  and  Asiphonate.  The  latter  are  always  those  of 
the  Auophclinre.  All  Culieid  larvaj  are  aquatic  throughout  the  whole  of 
their  existence.  They  not  oidy  occur  iu  fresh  water  but  in  sea-watei-, 
Dt‘.  Bancroft  having  found  several  {Mucidiis  alternans  AVestwood,  Culex 
unirimis  Theob;dd)  which  breed  freely  in  salt  water,  and  some  have  been 
found  in  damp  mud.  rractically  all  kinds  of  collections  of  watei-  are 
acceptable  to  the  larva' : some  prefer  rain-watei'  barrels,  cisterns,  and  the 
water  in  tins,  calabashes,  and  jani-j)ots ; others  ponds,  slow -running 
streams,  and  along  the  banks  of  lai'cre  rivers  ; others  live  in  the  water 
collected  in  bromelias  (Lutz),  and  in  the  water  that  collects  in  hollow 
bamboos,  gaining  their  entrance  through  exit  holes  left  by  boring  insects 
(Leicester).  Others  live 
in  pitcher-j)lants  {Nepen- 
thes, etc.).  The  domestic 
forms  which  are  best 
known  trsually  choose 
b.'irrels  and  cisterns.  Tin 
importance  of  the  sylvan 
s])ecies  i.s,  however,  just 
as  great,  as  it  is  by  means 
of  these  that  fever  is 
contracted  in  the  jungle 
as  well  as  in  the  habita- 
tions of  man. 

The  typical  form  of 
siphonate  larviB  is  best 
seen  in  Culex  (Fig.  90). 

The  head  is  provided  with  dorsal  and  other  chitinous  plates,  and  is  either 
rounded  or  irregular  in  form;  there  are  usually  a pair  of  compound  eyes  and 
ocelli.  The  appendages  are  in  the  form  of  two  short  antenna?,  mandibles, 
maxillae,  a distinct  clvpeus,  and  numerous  sensitive  hairs.  The  thorax  is 


SYSTEM  OF  MEDICINE 


usually  large,  and  carries  on  each  side  bunches  of  bristles  of  varied  form, 
and  others  dorsally.  The  abdomen  is  composed  of  nine  segments,  the 
eighth  bearing  on  its  doi'sal  surface  the  respiratory  siphon  or  air-tube. 
’I'he  siphon  varies  in  length  and  form  in  different  genera : in  Cule.x  it  is 
long,  in  Grabhamia  and  Stegomyia  short  and  thick,  in  Melanoeonion  very 
long  and  thin,  in  Tieniorhynchus  it  is  thick  at  the  base,  much  contracted 
apically,  etc.  It  also  varies  in  form  at  different  stages  of  growth.  The 
si[)hon  has  on  it  a series  of  sj)ines  called  the  “comb”;  the  form  and 
number  of  these  “ comb  ” spines  distinguish  the  different  species  of  lai-va? 
together  with  the  numlier  and  form  of  the  spines  seen,  in  the  basal  comb 
on  the  eighth  segment.  The  ninth  segment  is  short,  and  bears  the  anus 
as  well  as  four  variously  formed  plates,  which  contain  air-tubes,  and  also 
!Uimerous  bristles  with  a definite  arrangement.  The  anterior  segments 
bear  simple  and  branched  lateral  and  dorsal  hairs. 

.Vsiphonate  (Fig.  91)  larvte  all  belong  to  the  section  Anophelime,  the 
only  group  so  far  that  has  been  shewn  to  have  any  relation  with  malarial 
fevers.  The  typical  Anophelete  larva  may  be  taken  in  Anopheles  maculi- 


Fio.  91.— I.ar\a  of  Anopliel.'.s.  After  llowairi.  (Asiphonate  form.) 


pennis  IMeigen,  not  only  because  it  is  the  type  of  the  genus  Anopheles,  but 
because  it  is  the  only  one  so  far  satisfactorily  figured.  The  asiphonate 
larva,  like  the  preceding  siphonate  form,  has  the  body  divided  into  head, 
thoi  ax,  and  abdomen  ; the  head  is  relatively  smaller  than  in  the  siphonate 
forms  ; the  thorax  shews  no  signs  of  segmentation,  and  the  abdomen 
consists  of  nine  segments— the  eighth  is  devoid  of  the  respiratory  siphon 
seen  in  Culex,  Stegomyia,  etc.  On  the  fore  border  of  the  head  of  the 
asiphonate  Anopheline  larvi'i  are  four  chivtie  which  present  certain 
peculiarities.  These  so-called  “frontal  hairs”  (Fig.  92,  F)  have  been 
erroneously  regarded  as  of  specific  importance,  but,  as  shewn  liy  Dr. 
Xuttall  and  .Mr.  Shipley’s  accurate  illustrations  (IG),  the  frontaf  hairs 
are  dilferent  in  various  stages  of  the  larva  of  Anopheles  inaciili2}ennis. 
Uide.ss  the  exact  age  of  a larva  is  known,  it  is  unsafe  to  attempt  to 
determine  the  species  liy  these  structures,  for  they  varv  in  different 
stages ; any  work  based  on  such  observations  must  therefore  only  be 
accepted  tentatively  until  years  of  experiment  shew  hirvte  figured  at 
each  moult.  The  structure  of  the  antenna^  apparently  varied  in  like 
manner  according  to  aye. 

Ihe  adult  larviv  have  many  branched  or  plumose  hairs  on  the  thorax  ; 
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these  are  usually  fewer  anil  simpler  in  the  young  fonn,  or  a few  only  ai'o 
plumose.  The  thorax  is  usually  very  much  broader  than  the  head  or 
abdomen,  and  more  so  in  the  adult  than  in  the  younger  stages.  The 
abdomen  is  composed  of  nine  segments,  moi'e  or  less  deej)!}'  constricted. 
As  a rule  the  first  three  in  the  adult  larv;e  bear  plumose  set;e,  whilst  in 
the  young  they  are  simple ; the  remaining  segments  have  long  simple 
seta*,  whilst  all  have  small  bmnchcd  ones  in  the  adult  and  not  in  the 
young  forms.  fVculiar  structures  are  found  on  the  dorsum  of  some  of  the 
segments  in  the  form  of  the  so-called  “ palmate  hairs  ” (Fig.  92,  V).  These 
are  paired,  and  arc  composed  of  a shoi  t stem  and  foliate  rays  spreading 
out  in  a star-like  manner.  They  dill'er  in  nundicr  and  form  in  different 
species,  and  these  again  are  not  noticeable  in  the  young  larva\  On  the 
eighth  segment  are  placed  the  two  respiratory  openings,  which  are  but 
slightly  raised  above  the  body  surface,  no  trace  of  a siphon  as  seen  in 
Culex  being  present.  The  last  segment  has  four  small  anal  gill-plates, 
dor.sal  plumose  and  branched  haii's,  and  a prominent  ventral  jiair  of  long 
branched  setse. 

The  characters  of  specific  value  are  the  frontal  hairs  and  palmate  hair.s. 


Fin.  P2. — I.  l.arval  .segment:  i’.  palmate  liaiis.  II.  Head  shewing  V,  frontal  hairs,  and  J,  antenna. 

I’artly  after  Nuttall  and  Shipley. 

but  the  student  is  Avarned  to  take  these  characters  with  great  caution, 
because  of  their  variability  in  different  stages  and  the  similarity  of  different 
species  in  the  different  periods  of  grotvth. 

Larval  Anophclines  mainly  prefer  natural  collections  of  Avater,  but  they 
may  be  found  in  rain-barrels,  etc.  marnlipcmm).  Their  colour  is  usually 
grey,  pale  broAvn,  dull  green,  or  mottled  grey  and  broAvn.  The  head  has 
f refluent  characteristic  marks  on  the  occiput.  The  position  of  Anopheline 
larvic  in  the  AAarter  is  usually  nearly  parallel  to  the  surface  when  they  ai’e 
respiring,  the  air-holes  on  the  eighth  segment  and  the  ])almate  hairs  being 
at  the  level  of  the  sui  face  film.  This  is  contrary  to  Avhat  wg  find  in  most 
Culicine.s,  A\Tich  hang  more  or  less  head  doAvriAvaids,  AAdrilst  the  long  or 
thick  siphon  is  touching  the  surface  film.  In  a fcAv  Culicines — Grahiiawia 
jamaicensis  Theobald,  for  instance — the  larva  lies  nearly  parallel  Avith 
the  suiface,  as  in  the  Anophelines,  in  spite  of  its  rather  long  si]dion. 

Most  Anopheline  lai'vfe  live  Imt  a short  time ; a feAv,  hoAvever,  Ha'c 
many  months,  such  as  those  of  ^Inopheles  hifurcatus  Linn.,  A\diich  pass  all 
the  Avinter  in  Europe  in  the  larval  stage.  The  larvae  of  Culicidae  are 
frefprently  knoAvn  as  “ AA’-rigglers.” 

The  next  stage  is,  as  in  all  other  insects,  called  the  pujral  stage. 
The  pupse,  although  they  take  no  more  nourishment  than  the  jmpie  of 
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butterflies  or  moths,  are  nevertheless  active,  wriggling  about  in  a series  of 
•ions  jerky  movements  in  the  water,  and  constantly  coming  to  the 
•face  to  breathe.  Although  the  pupie  do  not  present  such  marked 
cliaracters  as  the  larvae,  there  are  very  varied 
The  main  points  of  difterence  may  be  detected 


cui 
sur 

generic  and  specific 
types  to  be  found. 


The 


large  head 


I'lo.  !)3. — I’lipa  of  Anopliftlfi.s.  Aftt'i- 
NuttiUl  and  Shipley. 
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in  the  air-tubes  and  the  anal  fins, 
typical  pupa  (Fig.  93)  has  a 
and  thorax,  and  a long  thin  curved 
abdomen  ending  in  two  anal  plates. 
'Fhe  head  is  folded  down  upon  the 
thorax,  and  bears  two  very  large  and 
conspicuous  black  eyes.  The  thora.x  . 
bears  the  outline  of  legs  and  wings,  and 
on  its  dorsal  surface  a pair  of  trumpet- 
shaped bodies,  the  respiratory  siphons. 
Thus  in  the  pupa  the  respiratory 
organs  open  on  the  thorax  instead  of  on 
the  abdominal  surface  as  seen  in  the 
larva,  and  are  double  instead  of  single. 
The  nine-segmented  abdomen  ends  in  two  broad  anal  jdates,  which  vary 
in  form  in  the  different  groups,  but  all  have  a central  rib.  The 
thoracic  siphons  vary  in  the  different  groups : in  true  Culex  they  are 
narrow  and  cylindrical,  in  most  Anopheletes  they  are  broadly  funnel- 
shaped,  in  the  Mansonias  they  are  irregularly  curved,  in  Limatus  they 
are  veiy  small  and  thin.  When  the  pupa  wishes  to  breathe  it  comes  to 
the  surface  like  the  larva,  and  the  two  siphons  come  in  contact  with  the 
surface  film  and  take  in  air. 

The  duration  of  pupal  life  in  a mosquito  is  usually  very  short,  in  some 
cases  less  than  forty-eight  hours,  but  it  may  be  as  long  as  ten  or  twelve 
days.  The  effect  of  heat  on  the  rate  of  pupal  development  is  very 
marked,  much  more  so  than  on  the  larvfe. 

Pupa?  are  usual ly^  brown  or  green  in  colour;  some  few  shew  dull 
reddish  hues. 

Hatching  of  the  Pupse. — When  the  pupa)  are  ready  to  hatch,  they  rise 
to  the  surface  of  the  water  and  straighteii  themselves  out.  The  shell  or 
skin  then  splits  o\'er  the  thora.x,  and  the  adult  gradually  withdraws  its 
bo<ly  from  the  pupal  case.  They  rest  for  some  little  time  on  the  skin, 
which  forms,  as  it  were,  a raft,  imtil  their  integument  and  wings  have 
hardened.  The  time  of  emergence  va7’ies  in  the  different  mosquitoes  : 
some  mainly  emerge  in  the  early  mornings,  others  at  midday.  A^ery 
large  numbers  of  imagines  get  destroyed  during  emergence ; the  least 
wind  will  upset  the  frail  ci’aft  they  are  settled  on,  and  they  fall  into  the 
Avater  before  their  wings  are  sufficiently  dry  to  enable  them  to  fly. 

Natural  Enemies  of  Mosquito  Larvae  and  Pupae. — The  natural  enemies 
of  mosquitoes  living  in  small  artificial  collections  of  Avatcr  are  A’ery  few,  but 
in  larger  and  natural  masses  of  water  they  have  many  enemies.  Chief 
amongst  these  arc  fish  and  certain  aquatic  insects.  In  addition,  the 
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mosquito  larvaj  and  pupin  arc  preyed  upon  1)V  a parasitic  worm,  a s|)ecies 
of  Mennii>,  which  according  to  Leuckart  may  have  been  a not  unimportant 
factor  in  destroying  mosquitoes  near  Leipzic.  A certain  numl^er  of 
Sporozoa  seem  also  to  be  parasitic  on  the  young  stages,  Itut  none  of  them 
do  any  real  good  in  lessening  their  numbers.  A species  of  tick  (Ixode), 
so  far  undescribed,  exists  in  its  immature  stage  on  mosqttito  larvae,  and 
develops  into  the  adult  on  the  mature  by.  This  tick  is  a small  red 
cherry-like  body  frequently  to  be  seen  on  certain  mosquitoes,  especially 
Anopheliucs.  These  larvae  were  first  shewn  me  some  years  :igo  by  ])i. 
Cropper,  and  the  adult  ticks  were  first  pointed  out  to  me  by  Di'.  Balfour 
in  Anophelines  from  the  Sudan.  By  far  the  most  important  enemies 
arc  certain  kinds  of  fish.  Minnows,  especially  of  the  genus  Fundulus  and 
fiambusia,  feed  ravenously  on  them,  and  sticklebacks  (Gasterosteus,  etc.), 
carp,  and  numerous  other  kinds,  help  to  keei)  these  pests  down ; on  the 
other  hand,  some  fish  and  mosquito  larvae  live  comfortably  side  by 
side  in  the  rice-fields  of  India.  Certain  species  of  fish,  however,  are 
undoubtedly  of  great  benefit.  The  predaceous  larvae  of  the  dragon  flies 
(Odonata)  and  water  beetles  (Hydrophilidae)  devour  the  larvae  and  pupae 
very  rapidly.  The  adult  mosquitoes  are  preyed  upon  by  dragon-flies, 
insectivorous  and  many  night-flying  birds,  such  as  night-hawks,  and  bt- 
bats  in  all  parts  of  the  world,  but  mosquitoes  multiply  so  rapidly,  and 
their  numbers  are  so  immense,  that  their  prevalence  is  onl}'  slightl}’ 
restricted  by  natural  enemies.  In  certain  seasons  great  numl)ers  of  the 
adults  are  killed  by  a fungus  similar  to  that  which  attacks  the  house-fly. 
This  fungus,  known  as  Empusa  cnlicis  Braun,  is  common  to  the  United 
States  and  Euro])e.  The  mosquito  is  found  attached  to  leaves,  stones, 
sides  of  barrels,  etc.,  by  threads  Avhich  proceed  from  the  mycelium 
infecting  its  bofly.  In  a district  in  Britain,  known  to  me,  both  Anopheles 
maenUpennis  and  Culex  ])i/)iens  were  practically  exterminated  by  this 
fungus. 

Habits  of  Adult  Mosquitoes. — Most  mosquitoes  are  nocturnal  feeders, 
but  it  is  too  often  forgotten  that  .some  are  not,  and  that  mere  protection 
of  the  mosquito-net  at  night  is  not  an  infallible  ])reventive  of  malaria 
or  of  yellow  fever.  Many  Anopheles  commence  to  bite  some  time  before 
sunset,  and  I have  even  known  Anopheles  hlfurcains  bite  in  the  middle 
of  a summer’s  day.  The  yellow-fever  carrier  (Stee/omyia  fasciaia)  bites 
most  viciously  between  the  hours  of  1 and  3 r.M.,  Imt  may  do  so  also  at 
night  or  at  any  other  time.  That  Anophelines  have  this  habit  in  the 
tropics  is  clear  fi-om  Sir  AVilliam  Maegregor’s  statement:  “I  first  saw 
Anopheles  on  the  afternoon  of  the  fii'st  day  we  visited  the  AVest  Coast 
of  British  New  Guinea.  AA^e  had  all  sufficient  experience  of  it  befoi'e 
night,  for  it  is  not  the  case  that  Anopheles  bites  only  at  night,  nor  that 
its  puncture  is  always  painless.” 

The  majority  of  dingy  - coloured  species  (Anophelines,  Culex, 
Melanoconion,  etc.),  however,  undoubtedly  prefer  night  for  feeding. 
During  the  day  they  hide  aAvay  amongst  shrubs  and  bushes,  in  dark 
corners  of  native  huts,  tents,  and  houses.  Certain  species  shew  a decided 
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])i'efereiice  for  settling  on  dark  objects,  and  dark  clothing  undoubtedly 
attracts  them.  This  is  esi^eciaily  noticeable  as  regards  Stegoniyia 
fasciata.  Many  of  the  brilliant  kinds,  such  as  the  Megarhinime 

and  Sabetince,  are  day -fliers,  and  delight  in  the  brightest  sunshine. 
Certain  species  shew  a decided  preference  for  houses  and  huts,  others  are 
purely  sylvan.  The  domestic  or  household  Culicidse,  such  as  Chdexjnpiens 
Linn.,  Culex  fatkjans  \s\ed.,  Stegomyiafasciaia  Fabr.,  seldom  occur  far  from 
habitations.  That  they  may  do  so,  however,  Avas  sheAvn  by  Dr.  Bancroft, 
Avho  found  the  latter  a long  Avay  from  any  dwellings  in  the  Queens- 
land scrub.  Conversely,  the  sylvan  species  may  invade  houses  in  the 
tropics.  According  to  I)r.  Daniels,  habitations  built  in  small  clearings 
are  not  much  infested  with  sylvan  mosquitoes.  On  the  other  hand,  in 
larger  clearings,  in  which  small  towns,  villages,  mining  quartci’S,  etc.,  are 
built,  Avith  little  or  no  jungle  close  to  the  houses,  syU^an  mosquitoes  are 
found  in  abundance,  and  breed  in  bath-tubs,  Avater-barrels  Avithin  and 
outside  the  buildings.  The  best  example  of  this  is  Stegoniyia  scufeUaris 
Walker,  Avhich  may  become  domesticated  in  large  numbers.  Certain 
species  are  limited  to  the  littoral  (C.  cancer  Theoliald),  AA^here  they  breed 
in  crab-holes,  and  are  never  found  far  inland. 

The  distance  these  insects  fly  is  not  definitely  knoAvn,  but  it  is 
assumed  that  they  do  not  journey  very  far.  A mile  probably  Avould  lie 
an  approximate  limit.  As  a rule  dui'ing  boisterous  Aveather  they  seek 
shelter,  so  that  it  is  not  very  likely  that  Avind  acts  to  any  extent  as  a 
distriluiting  agent. 

When  at  rest  different  species  assume  different  positions.  In  most 
cases  an  Anopheline  at  rest  can  be  .recognised  by  its  general  resemblance 
to  a thorn  stuck  in  the  ceiling  or  AA^all,  the  proboscis  and  body  being  much 
in  one  line,  Avhilst  in  Culicines  there  is  an  angle  formed  betAveen 
proboscis,  head,  thorax,  and  the  abdomen  giving  a hunchbacked  appear- 
ance ; in  both  the  hind  legs  are  free  from  the  resting  surface.  This 
rule  is  not  absolute,  hoAvever,  for  according  to  Col.  Giles  one  Anopheline 
{Myzomyia  culicifacies)  rests  in  a similar  po.sitioiA  to  Culex.  But  it  serves 
as  a rough  means  of  deciding  betAA’-een  a possible  malarial  and  non-malarial 
species. 

The  distribution  of  mosquitoes  may  be  said  to  be  A\'orld-Avide.  They 
occur  in  vast  numbers  in  the  arctic  regions  as  Avell  as  in  the  tropics.  If 
anything,  they  SAvai'm  in  greater  numbers  in  tropical  countries,  especially 
in  Africa,  than  in  subtropical  and  arctic  regions,  d'ho  temperate  zone 
seems  most  free  from  their  raA^ages.  South  America  is  particularly  rich 
in  species  belonging  to  the  Aedinse,  and  poor  in  Anophelinaj.  India  and 
Asia  generally,  and  Africa,  on  the  other  hand,  have  a large  number  of 
Anophclint'e.  Culex  is  a Avorld-Avide  genus,  occurring  from  the  arctic 
regions  to  the  equator.  The  Mansonias  occur  oid}^  in  Avarm  climates, 
notably  Central  Afi-ica,  Asia,  and  South  America ; Grabhamias  in  most 
abundance  in  Europe  and  North  Amei-ica ; the  genus  Stegoniyia 
(sen.  St.)  betAveen  40°  N.  and  S.  of  the  equator.  A feAv  genera  arc 
confined  to  certain  countries  : for  instance,  Psorophora  does  not  occui- 
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outside  the  Americas ; Sahethes  is  limited  to  the  Houth  American 
continent ; llaiinagogus  to  South  America  and  the  AVest  Indies.  A^eiy 
few  genera  occur  in  temperate  climates  ; the  typical  temperate  genera 
are  Anopheles,  Theobaldia,  Culex,  Grahhamia,  and  Aedes.  iJoth  the 
former  occur  elsewhere,  especially  in  the  hill  districts  of  warm  climates, 
such  as  Anopheles  (jigas  (files,  A.  lintlsai/ii  (files,  Theohuldki  glaphyropiera 
Schiner,  in  the  hill  districts  of  India.  Altitude  is  no  safeguard  against 
mosquitoes,  for  they  swarm  at  13,000  feet  in  the  Himalayas,  and  are 
just  as  annoying  as  at  the  sea-level  in  Scandinavia. 

There  is  no  doubt  that  they  occur  in  greatest  abundance  in  damj), 
marshy  places  and  along  river-courses  and  the  liorders  of  huge  lakes,  but 
they  also  breed  in  numbers  in  almost  bare  rocky  spots,  using  the  small 
collections  of  rain  - water  such  as  collect  in  the  hollows  of  granite 
boulders. 

The  distribution  of  certain  species  is  very  wide.  These  all  prove  to  be 
domestic  mosquitoes.  The  tAvo  Avith  the  Avidest  distrilmtion  are  the 
yelloAv-fever  ciiiTieifStegomj/iafasciata)  and  the  common  broAvn  household 
mosquito  (Culex  fatigans).  The  yelloAv-fever  carriei’  occurs  in  greatest 
abundance  in  Central  America,  in  Northern  South  America,  and  the 
AA’est  Indies,  but  it  is  found  in  great  numbers  in  North  America,  it  is 
found  in  India,  is  very  abundant  in  Australia,  in  Africa  it  occiu's  in 
many  parts  both  in  the  north  and  south,  and  seems  to  be  making  its  Avay 
steadily  up  the  Nile.  lu  Alalaya  it  occurs  in  many  of  the  ports,  and 
this  is  true  for  many  other  counti'ies  Avhere  it  is  not  present  inland. 
It  is  present  in  most  oceanic  islands  as  one  of  the  typical  mosquitoes.  It 
comes  Avell  into  Southern  Europe,  but  I do  not  think  it  Avill  over  become 
domesticated  in  Britain  or  any  part  of  Northern  Europe.  AA^e  may 
expect  it  to  occur  anywhere  betAveen  40°  N.  and  S.  of  the  equator. 

Culex  fatigans  AA^iederaann  has  a very  similar  disti'ibution,  and  seems 
in  many  places  to  live  .side  b}’  side  Avith  the  Stcgomyia,  Vmt  I have  not  yet 
seen  specimens  from  Europe ; probably  it  occurs  in  the  southern  regions, 
but  has  been  confused  AA'ith  the  Culex  pipiens  lannanis,  a closely  related 
species.  The  gradual  spread  of  this  broAvn  mos<pu'to  has  been  noticed  in 
Australia  farther  and  farther  inland  by  Skuse,  avIio  .su])posed  it  to  be  a 
variety  of  Culex  ciliaris,  a synonym  of  Cv, lex  pipiens. 

Many  other  species  have  a Avide  distribution  ; for  instance,  the  quaint 
little  Aedeomyia  squamipenna  of  Arribalzaga,  Avhich  occurs  in  South 
America  and  the  West  Indies,  in  the  Malay  I’eninsula,  in  India,  the 
East  Indies,  and  has  recent!}^  made  itself  knoAvn  in  the  Sudan. 

The  spotted -winged  Culicine  Theobaldia  annulnfa  Meigen  occurs  in 
Europe  and  North  America ; the  I’clated  Theobaldia  spathipalpis  Bondani 
in  Southern  Euro])e,  the  Alediterrajiean  Islands,  Madeira,  Algeria,  Cairo, 
Khartoum,  and  the  Cape.  The  Theobaldia  glaphyropiera  Schiner  has 
recently  been  sent  me  from  the  Himalayas,  othenvi.se  it  is  only  knoAvn  in 
Europe.  Many  of  our  European  .species  occui'  in  North  Amen’ca  (Culex 
cuvtans  Meigen,  Culex  nigripes  Zetterstedt  (called  C.  impiger  AA’alker  in 
America,  etc.).  In  fact,  so  erratic  is  the  disti'ibution  of  these  insects  that 
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we  may  expect  them  to  appear  in  almost  an}'  part  of  the  globe,  and  far 
from  the  original  home  of  the  described  specimens.  There  are  two  ways 
in  which  these  strange  points  in  distril>ution  can  l)e  explained  : first,  that 
so  far  but  little  is  known  of  the  Culicidje,  and  that  the  species  in  question 
may  e.xist  in  the  intervening  areas.  It  is  doubtful  if  this  will  explain 
most  of  the  cases.  The  countries  where  many  such  instances  occur  have 
been  very  thoroughly  investigated,  and  it  seems  most  improbable  that 
such  weil- known  insects  as  CWe./-  cantans  and  Theohaldia  spathipalpu 
have  been  overlooked  where  many  collectors  have  been  at  work.  The 
glacial  period  may  explain  a few  such  cases  ; for  example,  the  presence  of 
northern  forms  in  isolated  hill  regions,  as  Culex  cantans  in  the  Ghats 
and  Culex  nigripes  in  the  Himalayas.  But  there  is  no  doubt  that  arti- 
ficial distribution  will  explain  most  of  these  phenomena. 

The  Artificial  Distribution  of  Mosquitoes. — Mosquitoes  that  are  more  or 
less  domesticated,  such  as  those  just  referred  to,  are  undoubtedly  dis- 
tributed over  the  globe  l)y  artificial  means.  Mosquitoes  are  carried 
across  the  sea  by  ships  in  two  ways  : by  the  adults  being  carried  in  a 
dormant  condition,  and  by  means  of  the  larva}  living  in  ships’  tanks. 
The  danger  of  this  means  of  transit  is  very  great  under  favourable  con- 
ditions. Infected  mosquitoes  may  leave  a yellow-fever  port  and  may 
11}^  ofi'  to  another  port  when  the  ship  is  unloading  and  carry  the  fever 
with  it,  as  well  as  form  a nucleus  of  a colony  of  mosquitoes  previously 
unknown  in  the  port.  We  may  note  here  that  in  Malay  Stegomyia  fasciata 
at  present  only  occurs  in  the  ports.  Water  transit  will  carry  tliem 
still  farther  inland.  It  is  well  known  that  they  are  carried  up  rivers,  and 
thus  farther  and  farther  inland,  by  steamers.  Transit  by  means  of  boats 
is  thus  very  important,  and  also  explains  the  wide  distribution  of  Culex 
fntigans  and  of  Theohaldia  spnfhipalpis  in  recent  times.  There  is  no 
doubt  that  the  latter,  which  occurs  in  privies  and  houses,  has  made  its  way 
to  the  Canaries  and  theii  to  the  Cape,  and  similarly  by  steamer  to  Egypt. 
It  was  certainly  in  this  way  that  Culex  fatigans  reached  Australia.  Having 
crossed  large  tracts  of  ocean  by  means  of  steamers,  they  are  not  content 
to  stay  at  their  port  of  landing.  Culex  fatigans  has  S[)read  inland  in 
Australia,  following  the  advance  of  the  railways.  It  is  quite  as  common 
to  find  these  flies  on  the  train  as  on  board  shij).  Artificial,  not  natural, 
means  of  distribution  explain  the  erratic  distribution  of  these  insects  ; for 
it  is  only  the  domestic  species  that  are  so  widely  spread  over  the  globe. 
Certain  factors  regulate  this  disti-ibution.  Stegomyia  fasciata  might  come 
to  Britain.  It  would  not  live  here,  Imt  if  it  landed  at  Lisbon  or  Naples 
it  would.  The  distribution  of  each  species  is  limited ; tropical  and  sub- 
tropical species-will  not  live  in  Northern  Europe,  but  Southern  European 
species  will  live  in  warm  places.  These  means  of  transit  cannot  be 
neglected  in  the  light  of  our  knowledge  that  infection  may  lie  carried 
by  the  insects  under  certain  conditions  and  within'  certain  climatic 
limits. 

Nature  also  spreads  these  insects.  Larvoe  get  carried  down  by  the 
stream  of  rivers,  and  wind  blows  the  adidts  now  and  again  some  distance. 
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and  eggs  get  washed  still  farther  1)y  running  waters,  hut  tliese  factors  are 
ouly  active  within  comparatively  small  areas. 

The  Food  of  Mosquitoes. — There  is  no  doubt  that  the  majorit}"  of 
mos(juitoes  never  taste  human  blood,  and  it  is  certain  that  Imt  few  take 
vertebrate  blood.  Certain  species,  however,  are  blood-suckers.  The 
Clrabhamias  and  Stegomyias  are  particularly  so,  and  also  Mansonias. 
Many  Anophelines  are  also  very  blood-thirsty,  and  the  same  may  be  said  of 
the  Uranotienias,  Dendromyias,  and  certain  species  of  Culex  and  Culicada. 
The  majority  feed  upon  vegetal  juices  ; I have  freciuently  seen  Culicids, 
both  males  and  females,  on  Composite  sueking  the  juices.  L’ecentlj'  the 
spotted-winged  Anopheles  {A.  maculipennis  Meigen)  have  been  found 
feeding  and  gorging  themselves  on  the  nectar  from  ivy  blos.som.  Pro- 
fessor Ronald  Ross,  Dr.  Bancroft,  and  others  have  fi'ecpiently  pointed 
out  that  they  feed  on  bananas,  and  that  they  may  be  kept  alive  by 
feeding  thenr  on  banana  slices.  Professor  Ross,  speaking  of  theni  in 
West  Africa,  .says:  “They  (the  moscpiitoes)  began  to  fly  about  and  walk 
over  the  fruit,  plunging  their  probosces  into  it  in  many  places,  so  that 
the  banana  was  sometimes  covered  with  gnats  both  male  and  female.” 
T)ecaying  apples  have  also  been  observed  to  form  food  for  C'itfe 
(20,  vol.  i.  p.  69). 

Many  Culicidse  also  take  the  blood  of  invertebrate  animals,  such  as 
insects.  The}"  are  also  stated  to  feed  upon  young  fish,  attacking  their 
heads  and  even  killing  them.  The  strange  part  is  that  certain  species 
suck  human  blood  in  some  places  and  yet  do  not  in  others.  Anopheles 
maculipennis,  a proved  malaria-carrier,  l)ites  viciously  in  many  parts  of 
Fairope,  but  in  some  districts  in  flritain  it  is  never  known  to  bite  man. 
The  same  applies  to  Culex  pipiens.  The  females  alone  have  this  blood- 
loving  habit,  the  males  being  plant-feeders  only.  One  doubtful  record  is 
given  by  Ficalbi,  who  states  that  the  male  Stegomyia  fasdata  may  occasion- 
ally bite  man,  but  the  study  of  its  mouth -parts  disproves  this.  The 
statement  frequently  made  that  the  female  mosquito  must  have  a meal  of 
human  Idood  before  she  can  deposit  fertile  eggs  certainly  does  not  apj)ly 
to  all  species.  Professor  Ross  and  others  have  made  observations  con- 
firming this  statement,  so  that  it  is  probalde  that  some  species  do  require 
human  blood.  On  the  other  hand.  Sir  William  Maegregor  tells  us  that 
he  camped  “ for  weeks  at  a time  in  the  mud  and  swamps  of  the  western 
or  Anopheles  country  of  British  New  Ouinea  and  yet  left  witlnmt  any 
cases  of  fever,  the  reason  being  that  for  some  one  hundred  and  fifty 
miles  of  coast  there  were  no  human  iidiabitants,  which  seems  clearly  to 
prove  that  human  blood  diet  is  not  necessary  for  the  breeding  of 
Anopheles.”  I have  bred  Anopheles  maculipennis  and  Anopheles  hifnreatus, 
neither  of  which  had  any  human  or  vertebrate  blood,  but  yet  deposited 
fertile  eggs,  and  have  frequently  found  this  to  be  the  case  with  Culex  pnpiens. 
Further,  according  to  Professor  Howard,  countless  swarms  of  mosquitoes 
breed  in  the  vast  stretches  of  swampy  land  in  America  into  which  warm- 
blooded animals  never  find  their  way.  It  may  therefore  safely  be  said 
that  mosquitoes  breed  mainly  without  the  stimulus  of  human  blood. 
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How  Mosquitoes  pass  the  Winter. — In  warm  climates  mosquitoes 
may  continue  to  breed  all  the  3'ear  in  small  numbers,  but  during  the  dr}’^ 
season  tliey  rest.  In  temperate  and  cold  regions  they  may  pass  the 
winter  months  in  three  waj’^s — as  adults,  as  larvte,  and  as  ova. 

The  common  spotted  - winged  European  Anopheles,  maculipennis,  the 
common  gnat  Cidex  2npiens  hibernate  in  the  adult  stage.  They  take  up 
their  abode  in  cellars,  attics,  out-houses,  poultry-sheds,  and  stables,  usually 
seeking  dark  corners  in  which  to  hide.  So  far  as  we  at  present  know, 
the  females  alone  hibernate,  the  males  djdng  off  at  the  ajiproach  of  cold 
weather.  These  hibernating  females  have  been  fertilised  by  the  males 
prior  to  their  taking  up  winter  quarters.  This  winter  hibernation  is 
sometimes  broken  during  a spell  of  warm  weather,  and  hence  we  can  account 
for  winter  malaria.  The  unspotted -wnged  Anopheles  hifurcatns  and 
A.  nigri]>es  pass  the  winter  in  the  larval  stage,  and  are  not  in  the  least 
affected  by  the  hardest  frosts  ; nor  ai-e  the  larvfe  of  JJendromyia  smithii, 
which  live  in  pitcher- plants  and  which  can  be  frozen  and  thawed  many 
times.  The  European  Grabhamias  maj'^  remain  as  ova  during  the  winter 
in  mud,  at  least  I have  observed  this  in  the  case  of  Grahhamia  dorsalis  in 
Britain.  Dr.  Christophers  states  that  “in  the  dry  season  in  Sierra  Leone 
the  Anopheles  exist  in  most  parts  of  the  town  (Freetown),  in  dwellings, 
especially  in  overcrowded  native  huts  and  native  quarters,  ready  to  lay 
eggs  when  pools  appear.”  Amongst  the  situations  in  which  mosquitoes 
are  found  to  shelter  during  colder  or  dry  weather  in  tropical  climates 
must  be  mentioned  curtains  and  draperies  generall}'. 

Effect  of  Weather  on  Mosquitoes. — Mosquitoes  are  susceptible  to 
changes  in  the  weather.  A certain  amount  of  rainfall  is  essential  to  them  : 
a moderate  rainfall  which  foians  great  )iumbers  of  pools  and  fills  up  vessels, 
jars,  cut  bamboos,  and  the  like,  naturally  gives  them  greater  breeding 
facilities,  whilst,  on  the  other  hand,  a long  spell  of  diy  weather  acts  in 
the  reverse  wa3^  Mr.  Tait,  medical  officer  of  the  Cayman  Islands, 
noticed  there  that  “a  slight  I'ainfall,  folloumd  ly  heat,  appears  to  favour 
their  increase,  whilst  a continuoiis  shower  or  a high  wind  is  destructive 
to  them.”  Undoubtedly  a moderate  rainfall,  just  sufficient  to  fill  xip 
the  pools  and  holes  in  the  rocks,  is  most  favourable  to  their  increase. 
Heavy  torrential  rains  are  harmful,  for  they  Avash  out  the  .small  pools  and 
vessels  and  thus  destroy  numbers  of  larvae  and  pupa*. 

Prolonged  frost  does  not  seem  to  affect  the  larvae  all  alike.  Some 
species  are  said  to  be  killed  when  ice  accumulates  on  the  surface.  But 
those  species,  like  Anopheles  hiftircatus,  Avhich  Avinter  as  laiwae  in  Europe, 
are  not  in  the  least  affected  by  frost.  Ice  tAvo  inches  thick  has  been 
noticed  oA^er  them  for  a Aveek,  and  yet  they  all  pupated  and  hatched  out 
in  the  follovAujig  spring.  The  same  may  be  said  concerning  some  of  the 
hill  .species  in  India  and  the  Dendromyia  previously  quoted.  Winds  are 
))rejudicial  to  mosquitoes,  especially  if  they  are  strong  at  the  time  of 
hatching  ; the  frail  crafts  composed  of  the  pupal  skins  are  bloAvn  about 
and  get  upset,  and  so  the  mosquitoes  are  throAvn  into  the  Avater  before 
they  are  capable  of  flying. 
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Certain  Water  Plants  inimical  to  the  Larvte. — It  is  said  that  water 
thickly  covered  with  green  water-weeds,  such  as  Lemiia,  does  not  contain 
inosquito  larva'.  This  is  true  in  certain  cases  where  the  j)ools  are  so 
densely  covered  that  the  surface  of  the  water  is  completely  hidden.  In 
a serious  outbreak  of  mosquitoes  {Culex  nernorosus)  in  Epping  Forest  this 
was  particularly  noticeable.  Colonel  Giles  has  noticed  in  the  Benares 
Public  Gardens,  where  there  are  scores  of  small  irrigation  tanks,  that 
l>oth  Culex  and  Anopheles  larvic  were  present  in  every  tank  except  in 
those  that  were  covered  with  a peculiar  floating  weed,  looking  much  like 
young  lettuce,  called  by  the  natives  Jalkumi.  Pools  that  are  filled  with 
the  green  slimy  Spiror/yra  contain  no  larvaj,  for  they  become  entangled  in 
the  threads  of  weed  and  so  cannot  reach  the  surface  to  breathe.  Professoi' 
Smith  says  that  the  })iesence  of  even  a small  (piantity  of  weed  seems  to 
act  almost  as  a poison  to  the  larvfe. 

\’arious  plants  have  the  reputation  of  keeping  mosquitoes  away  from 
habitations,  but  so  far  none  have  been  found  to  be  of  any  use.  Castor 
bean  plants  were  thought  to  have  this  efiect,  but  ex])erience  has  shewn 
that  mosquitoes  will  even  settle  to  rest  under  the  leaves. 

The  number  of  mosquitoes  described  is  roughly  eight  hundred.  Very 
few  of  these  are  known  to  be  in  any  way  connected  with  diseases,  and  by 
far  the  greater  number  are  purely  sylvan  insects,  and  so  are  not  so  well 
known  as  those  occurring  in  man’s  habitations.  One  hundred  and  three 
species  of  Anophelime  are  described  at  present.  A few  of  these  are 
doubtful,  and  some  two  dozen  are  founded  on  very  uncertain  characters, 
and  will  probably  prove  to  be  merely  varieties  of  other  species.  Many 
of  the  types  of  old  species  have  been  lost,  and  as  the  descriptions  are  so 
brief,  we  cannot  be  certain  as  to  actual  identification.  These  must  be 
given  up  as  lost  species. 

How  to  Mount  and  Examine  Mosquitoes.— The  adult  mosquitoes 
should  be  pre.served  in  two  ways  : as  dry  specimens, 
and  as  dissections  mounted  in  Canada  balsam. 

The  best  plan  to  mount  them  dry  is  to  pin  the 
mos(piito  on  a disc  (Fig.  94).  This  is  done  by  using 
a very  fine  (No.  20)  silver  pin  (/;)  pierced  through 
a card  disc  (a)  which  can  be  either  punched  out  of 
fine  stiff  cardboard  or  bought.  The  fine  pin  will 
bend  on  being  forced  through  the  cai'd  disc,  so 
that  we  must  first  just  pierce  the  disc  with  the 
point  of  a needle  sufficient  to  l>reak  the  surface. 

Care  must  be  taken  not  to  pierce  the  disc  so  much 
that  the  fine  silver  pin  can  move  about.  lIa^•ing 
done  this,  the  point  of  the  No.  20  pin  is  forced 
through  the  thorax  of  the  insect,  so  that  its  apex 
just  protrudes  through  the  dorsum.  The  legs  and 
wings  may  then  be  sf>read  out  on  the  disc  so  as 
to  expose  them,  and  the  disc  fixed  to  a cork-lined  air-tight  bo.x  by  a 
larger,  stout  pin  (e),  forced  through  one  side  of  the  card. 


Kio.  '.14. — II,  cnril  disc  ; h. 
No.  20  silver  jiin  ; c, 
insect ; il,  point  of  h ; 
large  pin  ; /,  label. 
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The  data  concerning  the  specimen  can  be  conveniently  written  on  the 
under  side  of  the  disc,  or  may  be  attached  as  shewn  in  the  figure  as 
a lal)el  (/), 

To  examine  the  whole  insect  microscopically,  a two-third  of  an  inch 
power  is  necessary.  This  may  l)e  done  by  simply  pinning  the  specimen 
on  a cork  plate,  or  by  taking  the  large  pin  out  of  the  disc  and  placing 
the  small  pin  through  a hole  made  in  a piece  of  cardboai'd.  By  gradual 
movement  of  the  specimen  all  parts  of  the  dorsum,  legs,  and  wings  can 
be  seen.  The  scales  on  the  head  should  be  first  examined,  then  the 
thorax,  as  these  two  areas  are  of  great  diagnostic  value.  The  scales  on  the 
sciitelluin  are  best  seen  by  turning  the  insect  in  the  reverse  direction, 
that  is,  with  the  abdomen  pointing  towards  the  light.  The  abdomen  can 
be  examined  at  the  same  time.  Most  genera  can  be  recognised  by  the 
scpiamose  characters  of  the  head,  mesothorax,  and  scutellum,  but  in  the 
Anopheliiue  the  scale  structure  oi-  absence  of  scales  on  the  abdomen  must 
also  be  taken  into  account. 

To  examine  wings  and  legs  properly  the  parts  must  be  dissected  off 
and  mounted,  so  that  they  can  be  examined  perfectly  flat.  Unless  this 
is  done,  the  true  form  of  the  Avirig-scales  and  the  relative  proportion 
of  the  venation  cannot  be  seen,  nor  can  the  structure  of  male  and  female 
ungues  be  made  out  with  any  degree  of  precision — all  most  important 
specific  characters,  whilst  the  wing -scales  are  of  generic  value.  (Note 
the  wing-scales  of  Mansonia,  Culex,  and  Tfeniorhynchus.)  The  wings  are 
best  mounted  dry,  as  any  media  have  a tendency  to  make  the  scales  so 
transparent  that  they  often  cannot  be  seen.  If  aii)’^  media  l)e  employed, 
balsam  dissolved  in  Venice  turpentine  is  the  best.  To  examine  the 
ungues  the  last  few  tarsal  segments  should  be  mounted  in  xylol-balsam, 
the  cover-glass  l)eing  well  pressed  down  on  the  slide  so  as  to  separate  the 
two  claws  on  each  foot.  The  structui’e  of  palpi  can  only  be  made  out 
by  microscopic  preparations.  The  whole  head  may  be  soaked  in  eau-de- 
javelle  and  then  mounted  in  xylol-balsam.  The  male  genitalia  should  also 
be  mounted  in  balsam  and  subjected  to  slight  pi-essure,  and  prepared  so 
that  the  one-sixth  ])ower  may  be  used  on  them  as  well  as  the  two-thirds. 
The  apex  of  the  abdomen  may  be  cut  off,  with  the  genitalia  attached, 
and  mounted  ; this  will  be  found  to  give  better  results  than  using  the 
whole  abdomen.  Larvae  must  be  mounted  in  balsam.  To  obtain  satis- 
factory results  two  preparations  are  necessary  — one  in  a .shallow  cell, 
the  other  flattened  out,  so  as  to  shew  as  a transiJarency,  and  so  expose, 
the  clypeus  and  siphon  combs.  Larval  shim  are  usually  best  adaj)ted  for 
this  purpose.  No  Avings  should  be  described  unless  perfect  flattened 
preparations  have  been  made ; numerous  errors  have  crept  in,  as 
<lescriptions  ha^  e been  drawn  up  from  crumpled  Avings. 
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Classification  of  Mosquitoes 

The  earliest  classitication,  based  on  the  characters  of  the  palpi,  con 
tained  three  genera,  namely.  Anopheles,  Cnlex,  and  Aedes.  In  the  first 
the  male  and  female  palpi  are  long,  in  the  second  the  male  palpi  are  long 
and  the  female  short,  and  in  the  third  they  are  very  short  in  both  sexes. 
To  these  three  genera  were  later  added  the  genera  ISabethes,  Psorophora, 
IMegarhinus,  marked  tropical  forms  quite  unlike  the  first  three.  It  was 
not  until  1891  that  fresh  genera  were  formed,  when  Arrilnilzaga  created 
several  new  genera  out  of  Culex,  including  Janthinosoma,  Tteniorhynchus, 
Ochlerotatus,  and  bleteronycha,  and  in  doing  so  attached  great  im})ort- 
ance  to  the  palpi.  Scarcely  any  fresh  species  and  only  one  fi-esh  genus 
was  described  {Hcema^offus  Williston)  between  1891  and  1901,  when  the 
Monograph  of  the  Culiddcv  of  the  IVorld  (20)  commenced  to  appear.  In 
this  work  I pointed  out  that  the  examination  of  a very  large  amount 
of  material,  from  all  parts  of  the  world,  shewed  that  palpal  characters 
would  not  hold  as  of  diagnostic  value  above  the  rank  of  species.  The 
characters  most  constantly  found  and  most  easily  observed,  and  by 
which  previously  existing  genera  could  be  split  up  into  smaller  groups, 
were  shewn  to  be  the  scales  of  the  body,  head,  and  wings,  etc.  It  is 
essential  to  bear  in  mind  that  scales  are  particularly  characteristic  of  the 
whole  family  Culicida?.  The  primary  grouping,  howevei',  was  tempor- 
arily retained  in  vols.  i.,  ii.,  and  iii.  of  the  Monograph,  Imt  genera  were 
separated  by  squamose  characters.  It  is  interesting  to  note  that  Felt, 
working  on  the  male  genitalia,  finds  that  as  generic  characters  they 
endorse  those  taken  from  the  squamose  structure. 

The  incongruousness  of  the  diagnostic  value  of  palpi  as  being  of 
generic  value  is  seen  best  in  the  case  of  the  closely  allied  genera  j\Iega- 
rhinus  and  Toxorhynchites.  In  the  former  the  palpi  aic  long  in  both 
sexes,  and  thus  would  come  in  the  Anopheline  group,  whilst  in  the  latter 
the  female  palpi  are  short,  and  so  would  come  in  the  C'ulex  group,  and 
yet  both  these  genera  are  closely  related  in  every  other  wa3^  The 
classification  ])reviously  adopted  is  brieflj’’  as  follows : — 


Culieidte 

A.  Proboscis  formed  for  piercing  ; wings  with  six  long  veins. 

I.  Palpi  long  in  S- 

A.  Metanoturn  nude. 

a.  Palpi  long  in  d and  5 ; iu  the  ? not  quite  as  long  as  the  pro- 
boscis. 

1 . First  subinai’ginal  cell  as  long  or  longer  than  the  second 

posterior  cell  . . • Sub-fain.  Anophelirw'. 

2.  First  subraarginal  cell  much  smaller  than  the  second 

posterior  cell.  Proboscis  curved 

Sub-fani.  Megarhinina-. 
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/3.  Palpi  long  in  c? , sliort  in  9 • 

3.  First  submarginal  cell  much  smaller  than  the  second 

posterior  cell  ; the  proboscis  curved 

Sub-fam.  Toxorhynchintv. 

4.  First  submarginal  cell  as  long  or  longer  than  the 

second  posterior  cell.  Proboscis  straight 

Sub-fam.  Culicinn’. 

B.  Metauotum  with  squama?  or  chieta?,  or  both. 

5.  Palpi  long  and  acuminate  in  short  iii  the  9 

Sub-fam.  Trichoprosopon  ince. 

11.  Palpi  short  in  c? . 

Palpi  short  in  both  sexes,  often  very  minute 

Sub-fam.  Aedeomyime. 

B.  Proboscis  formed  for  piercing  ; wings  with  seven  scaled  long  veins. 

Palpi  long  in  S , short  in  the  9 

S ub-fam . Heptaplilehomyin  a\ 
(?.  Proboscis  not  formed  for  piercing;  with  si.x  long  veins  clothed  with  hairs, 
not  scales  .......  Sub-fam.  Corethrinm. 

]\Iore  recently  Lutz  has  formulated  a new  general  classification  which 
is  certainly  satisfactory.  In  this  he  includes  the  old  genera  Mochlonyx 
and  Corethra.  These  I exclude  and  place  in  a separate  family  — the 
Corethridm  (Culicimorpha?  of  Lutz). 


CUUCID.'E 


r 

I 

Eiiculicuh':. 
Long  piercing 
proboscis. 


Culicimorplim. 
No  ])iercing 
proboscis. 


Asiphonalcc.  Siphunata-. 

Larvic  without  l^arvas  with  a 

any  respiratory  respiratory 

sipliou.  Sub-  siphon, 

fain.  Anophelimv.  | 

Palpi  long  in  | 

both  sexes.  Aakylorhynchcc.  Orthorhynclia;. 

Proboscis  curved.  Proboscis  straight. 

Sub-fam.  Mcga- 
rhinince. 

r 

Meianotopsi  l(c. 

Jletanotuin  with- 
out scales  or  hairs. 


ffeicropalpce.  Micropalp(r. 

Palpi  long  in  Palpi  short  in 
6 , short  in  9 • both  sexes. 

long ; 9 short. 


Metanototrichw. 
Metanotum  with 
scales  and  hairs 

I 

I 

I 

/ 1 dempalpu'..  Micropalpoc. 

Palpi  of  6 Palpi  of  S and 
more  or  less  9 short. 
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The  ^lw2)/io?iato  = Sub-fanuly  Anophclmcc. 

Anhjlorkyncha'  = iivxh-fam.  Megarhininw. 


The  Siphonatce  — / 


Metaiiotopsihe 


Orthorhynchoi  = \ . Mefanotopsihc.  2.  Metanototricha'. 
Heteropalpa-. 

) ]\Iicropalpa‘. 

Heteropalpa*  = Sub-taiii.  CiUicince. 

Sub-fani.  Heptaphlebomyina:. 
Micropalpae  = Sub-tarn.  Aedinw. 

Sub-fam.  Hcemogogiiue. 

Metanototrichaj/ 

Micropalpa!. 

Heteropalpie  = Sub-fam.  Hyloconopince. 

Micropalpa)  = Sub-fam.  Dendromyince. 


Lutz’s  Culicimorphaj  should  undoubtedly  be  excluded  from  the 
Culicidre,  and  be  known  as  a separate  family — Corethridte. 

The  best  modification  that  can  be  made  of  this  classification  is  as 
follows : — 


CULICIDiE 


AN0I’HEHN.(E. 

Probosci.s 
.sirJtight ; palpi 
long  in  both 
sexes. 


Orthorhynchic.  Ankylorhynclice. 

Proboscis  I'robo.sci.s 

straight;  palpi  curved, 

short  in  9 , 
long  or  short 
in  6 ■ 


Toxokhynchin^.  Mkuariiinin^;. 
Palpi  short  in  9 • Palpi  long  in 
<J  and  9 • 


Metanotopsihr. 

Mdanototrichoc. 

Metanotum 

Metanotum 

nude. 

with  scales 

or  elipeta;. 

1 

1 

1 

Ilderopalpce. 

1 

J/ icrupalptr. 

1 1 
IlderopalpK.  MicropaJpm. 

Palpi  long 

Palpi 

Palpi  long  Palpi  short 

in  S ; 

short  in 

in  6 . m i and  9 

short  in  9 • 

both  sexes. 

1 ! 

Hyloconopinje.  Denuuomyin. 

CuLiciN.E.  Heptai’hlebomyin.e.  Aedi.n'.I':.  Ha;macio(!In^k. 
Wings  Wings  with  seven  Abdomen  Abdomen 
with  six  long  veins.  simple.  notched  below, 

long 
veins. 


This  classification  is  thus  based  on  the  adult  characters  only,  which 
is  better  than  including  larval  characters  as  is  done  by  Lutz.  The 
generic  characters  are  all  formed  by  the  structure  and  iirrangement  of 
the  scales  on  the  head,  body,  legs,  and  wings. 
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LIST  OF  GENERA 

AxophelinjE  (Theobald) 

Genus  1.  Anopheles  (Meigen). 

„ 2.  Myzoniyia  (Blanchard). 

„ 3.  Cyclolei)pteron  (Theobald). 

„ 4.  Stethoinyia  (Theobald). 

„ 5.  Pyreto2)horns  (Blanchard). 

,,  6.  Arribalzagia  (Theobald). 

„ 7.  Myzorhynchus  (Blanchard). 

„ 8.  Christya  (Theobald). 

„ 9.  Lophosceloinyia  (Tlieobald). 

„ 10.  Nyssorhynchus  (Blanchard). 

,,  11.  Cellia  (Theobald). 

„ 12.  Aldrichia  (Theobald). 

„ 13.  Kerteszia  (Theobald). 

,,  14.  Bironella  (Theobald). 

„ 15.  Neocellia  (Theobald). 

„ 16.  I\Iyzorhynchella  (Tlieobald). 

Axkylorhynch.®  (Lutz) 

A.  Toxorhynchince  (Theobald). 
Genus  17.  Toxorhynchites  (Theobald). 

B.  Megarliininse  (Theobald). 

„ 1 8.  Megarhinus  (Fabricius). 

„ 19.  Ankylorhynchus  (Lutz). 

Orthorhynchce — Metanotopsilce 


Genus  20. 

5? 

21. 

)) 

22. 

23. 

24. 

25. 

?) 

26. 

^>7 

5> 

28. 

29. 

j; 

30. 

55 

31. 

59 

32. 

9) 

33. 

J9 

34. 

99 

35. 

99 

36. 

CuLiciN.E  (Theobald) 

Theobaldia  (Blanchard). 
Lutzia  (Tlieobald). 

Mucidus  (Theobald). 
Mansonia  (Blanchard). 
Tieiiiorhynchus  ( Arribalzaga). 
iMelanoconion  (Theobald). 
Grabhamia  (Theobald). 
Pseudograbhainia  (Theobald) 
Acartoiiiyia  (Theobald). 
Psoropliora  (Desvoidy). 
Janthinosoina  (Arribalzaga). 
llesvoidea  (Blanchard). 
Eretinapodiles  (Theobald ). 
Stegoinyia  (Theobald). 
P.seudoskusea  (Theobald). 
Scutoinyia  (Theobald). 
.^Ediniorphus  (Theobald). 
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Genus 

37. 

35 

38. 

33 

39. 

33 

40. 

33 

41. 

33 

42. 

55 

43. 

33 

44. 

33 

45. 

3> 

46. 

33 

47. 

33 

48. 

33 

49. 

33 

50. 

33 

51. 

3> 

52. 

33 

53. 

33 

54. 

Leicesteriii  (Tiieobald). 
Macleaya  (Theobald). 
Hulecotomyia  (Theobald). 
Phagoiuyia  (Theobald). 
Polyleptiomyia  (Theobald). 
Howaidiiia  (Theobald). 
Danielsia  (Theobald). 
Lepidotoiuyia  (Theobald). 
Catageioinyia  (Theobald). 
Finlaya  (Theobald). 
Tidchorhyncluis  (Theobald). 
Quasistegoniyia  (Theobald). 
Pancroftia  (Lutz). 

Culex  (Liiiucuus). 
Lophocei’atoniyia  (Theobald). 
Trichopronouiyia  (Theobald). 
Lasioconops  (Theobald). 
Gilesia  (Theobald). 


Heptaphlehomyin-E  (Theobald) 
Genus  55.  Heptaphleboniyia  (Theobald). 


Genus  56. 


o < . 


HaiMAGOGiXiE  (Theobald) 

lliemagogus  (Williston). 
Gualteria  (Lutz). 


Aedin/E  (Theobald) 


Genus  58. 


}) 

}} 

>1 


)) 

)> 

)) 

5) 

5) 

>’ 

)) 


59. 

GO. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 


Aedes  (Meigen). 

Aedinus  (Lutz). 

Aedeoniyia  (Theobald). 
Ueinocerites  (Theobald). 
IMiniomyia  (Theobald). 

U ranot auiia  (A  rribal zaga). 
Ani.^ocheleomyia  (Theobald). 
Ficalbia  (Theobald). 
Leptosoniatoiiiyia  (Theobald). 
Polylejudomyia  (Theobald). 
Verralliiia  (Theobald). 
Rhachionotoniyia  (Theobald). 
Etorleptioiuyia  (Theobald). 


Orthorhxjnch  a- — M elan  ototricha 


Hyloconopinae  (Lutz) 

Genus  71.  Trichopiosopon  (Theobald). 
„ 72.  Joblotia  (Blanchard). 

„ 73.  Gceldia  (Theobald). 

,,  74.  Runchoniyia  (Theobald). 

„ 75.  Hyloconops  (Lutz). 
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Dendkomyix.«  (Liitzj 

(Jenus  7G.  Dendromyia  (Theobald). 

„ 77.  Wyeoinyia  (Tlieobald). 

,,  78.  Phoniomyia  (Theobald). 

,,  79.  Sabethes  (Desvoidy). 

„ 80.  Sabethoides  (Theobald). 

„ 81.  Sabethinu.s  (Lutz). 

,,  82.  Liniatus  (Theobald). 

Of  these  genera  the  011I3’  ones  that  are  known  to  be  of  medical 
interest  at  present  are  Anopheles  (Meigen),  IMyzomyia  (Blanchard),  Pyreto- 
phorus(Blanchard),)\Iyzorh3mchus(Blanchard),  Nyssorh3mchus(Blanchard), 
Cellia  (Theobald),  Stegomyia  (Theobald),  and  Culex  (Linnajus).  All  the 
other  Anopheline  genera  may  probably'  be  connected  with  malaria,  and 
the  Culicine  Mansonias  and  Taeniorhynchus  with  filariasis.  So  far  no 
disease  has  been  traced  to  the  Ankydorhynchae,  nor  to  the  Micropalpus 
Metanotopsila?,  nor  any'  of  the  Metanototrich<e.  A few  of  the  more 
important  genera  in  the  latter  only'  are  mentioned  here.  For  study^  of 
the  other  genera  the  reader  is  referred  to  my'  Monograph  of  the  Culicidie 
of  the  I Torld  (20).  (Many^^  new  genera  appear  in  AMI.  lAk) 

The  Anophelinae 

The  Anophelinae  may  be  told  from  other  Culicidae  by'  the  combined 
characters  of  the  long  palpi  in  l^oth  sexes,  the  total  absence  of  Hat  thoracic 
and  scutcllar  scales,  and  their  straight  proboscis.  Alost  have  spotted 
wings,  and  Avhen  stationary  are  at  an  angle  to  the  resting  surface,  the 
head,  thorax,  and  alxlomen  being  in  otic  line  ; but  an  e.xception  is  found 
in  Myzomgia,  cuUcifacies  Giles  in  the  latter  halut,  and  some,  as  ^4.  hifurcatus 
Linnaeus  and  SMhomyia  nimba  Theobald,  etc.,  in  the  formei'.  The 
larvie  of  all  Anophelines  have  no  I’espiratory'  siphon,  and  when  at  the 
surface  of  the  water  they  lie  nearly  parallel  with  it. 

Many  are  pui'ely  sylvan,  and  arc  responsible  for  bush  fevers  ; some  are 
entirely  domesticated,  as  Anopheles  maculipennis.  There  are  at  present 
known  to  be  one  hundred  and  three  species,  but  this  number  will  probably' 
be  gradually  increased  as  further  investigations  arc  made.^  At  the  same 
time  it  may  be  mentioned  that  some  two  dozen  of  the  one  hundred  odd 
known  species  may  probably  turn  out  to  be  merely  varieties. 

Alost  species  have  spotted  wings ; too  much  importance  has  been 
attached  to  the  distribution  and  pattern  of  the  spotting,  for  we  now 
know  that  there  is  a considerable  amount  of  local  and  seasonal  variation 
in  the  markings  of  the  sub-family.  The  existence  of  several  species  has 
also  been  founded  on  combined  wing  and  leg  markings.  S])ecies  related 
to  Mijzorhymhus  barbirostris  have  been  separated  because  the  hind  legs 
have  one  or  more  white  hind  tansals,  and  also  species  near  Nyssorhynchus 
maculatns ; but  as  we  know  there  is  variation  in  this  respect,  it  is  quite 
possible  that  this  leg  banding  will  also  i)ro\-e  to  be  a local  and  seasonal 

’ Since  tlii.s  went  to  press  twelve  new  species  liave  been  described. 
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wiriation.  (,'crtain  collectors  with  no  knowledge  of  insect  life  have  also 
laid  sti'ess  on  the  pale  bands  on  the  palpi,  but  these  also  vary,  and  cannot 
be  accepted  as  valid  characters. 

The  larval  characters  of  cluetotactic  nature  must  be  taken  with  great 
care,  as  we  do  not  know  whether  the  observers  who  have  worked  at  this 
subject  have  been  careful  to  examine  all  stages  of  the  larvaj.  AVhere  we 
have  checked  them  they  have  not  always  proved  correct. 


Ki(..  H5. — SiiuaniosB  Chnracteis  of  Annijlielimc.  i.  Anojilieles ; ii.  Myzomyia  ; iii.  Cycloleppteroii  : 
iv.  .Stetliomyia  ; v.  I’yretoplionis  ; vi.  Aldrichia  ; vii.  Gallia  ; viii.  Arrlbalzagia  ; lx.  Myzorhyncluis  ; 
X.  Xyssoi'liynchus. 


The  Anophelinaj  can  best  be  divided  into  smaller  groups  or  genera  by 
scale  structure,  and  accordingly  the  sub-family  is  split  into  the  following 
group.s,  which  may  be  tabulated  as  follows  : ’ — 

Sub-family  Anophelin.e.^ — In  this  sub-family  the  head  has  numerous 
upright-forked  scales,  rarely  those  of  other  form  (Stethomyia).  The 
thora.x  is  scaly  or  hairy,  the  metanotum  alwa}’s  jiude,  the  scutellum 
always  simple  (never  trilobed  as  in  other  Culicida3),  with  scales  or  hairs. 
The  abdomen  is  hairy,  or  scaly,  in  one  genus  (Aldi-ichia)  as  completely 

’ Tt  maybe  pointed  out  here  tliat  tliese  cliaraciter.s  are  adopted  by  all  those  who  have 
worked  .scieiitilieally  at  the  Culieidpe,  such  as  butz,  (loeldi,  I.oicester,  Felt,  Blanchard, 
Daniels,  Ludlow,  (irabham,  Ventrillon.  and  all  the  other  describer.s  of  valid  species.  Two 
medical  observers,  James  and  Liston,  have  disc.arded  it. 
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scaled  as  in  Culicinse,  etc.  The  palpi  of  the  male  are  long  and  clavate, 
in  the  female  long  (usually  as  long  as  the  proboscis),  and  of  more  or  less 
uniform  size  throughout.  With  the  exception  of  Bironella,  the  wings  have 
all  long  fork-cells,  the  first  sub-marginal  longer  than  the  second  posterior 
cell.  The  ungues  of  the  females  always  equal  and  simple,  in  the  males 
the  fore  and  mid  are  unequal,  and  ma}'^  be  uni-,  bi-,  or  tri-dentate. 

Taking  the  scpiamose  structure'  of  the  thorax  and  al)domen,  etc.,  we 
can  tabulate  the  genera  as  follows  ; — 

A.  Fork-cells  long. 

a.  Thorax  au<l  abdomen  with  hair-like  curved  scales. 
a.  Head  with  upright-forked  scales  onh’. 

1.  Wing-scales  large  and  lanceolate,  wing  unspotted,  or  if  spotted 

the  spots  due  to  collections  of  similar  coloured  scales 

Genus  Anopheles  Meig. 

2.  Wing -scales  small,  narrowly  lanceolate,  the  wings  with 

spotting  of  varied  colour  . . Genus  Myzomyia  Bl. 

.3.  Wings  with  patches  of  large  inflated  scales 

Genus  Cycloleppteron  Theo. 
fi.  Median  area  of  head  with  some  flat  scales 

Genus  Stethomyia  Theo. 

h.  Thorax  with  narrow-curved  scales,  abdomen  hairy. 

Wing-scales  small  and  lanceolate  . . Genus  Fyretophorns  Bl. 

c.  Thorax  with  hair-like  curved  scales  and  some  narrow-curved  ones  in 
front ; abdomen  with  apical  lateral  scale-tufts  and  scaly  venter  ; no 
ventral  tuft  ; wing-scales  lanceolate  . . Genus  Arrihalzagia  Theo. 

cl.  Thorax  with  hair-like  curved  scales  ; no  lateral  abdominal  tufts  ; a dis- 
tinct apical  ventral  tuft  and  dense  scaled  palpi  in  the  9 • 

Wings  with  dense,  large,  lanceolate  scales 

Genus  M yzorhynchns  Bl. 

e.  Thorax  with  hair-like  curved  scales  and  some  narrow -curved  lateral 
ones  ; abdomen  hairy,  with  dense  long  hair-like  lateral  apical  scaly 
tufts. 

Wing-scales  short  and  dense,  lanceolate  ; fork -cells  rather  short 

Genus  Christyn  Theo. 

/.  Thorax  witli  very  long  hair-like  curved  scales  ; abdomen  with  hairs 
except  the  last  two  segments,  which  are  scaly  ; dense  scale-tufts  to 
hind  femora. 

Wings  with  broadish,  blunt,  lanceolate  scales 

Genus  Lophoscdomyia  Theo. 

y.  Thorax  and  abdomen  with  scales. 

Thoracic  scales  narrow-curved  or  s])indle-shaped  ; abdominal  scales 
as  lateral  tufts  and  small  dorsal  patches  of  flat  scales 

Genus  Nyssorhynchns  Bl. 
Abdomen  nearly  completely  scaled  with  long  irregular  scales  ami 
with  lateral  scale  tufts  ....  Genus  Cellia  Theo. 
Abdomen  completely  scaled  with  large  flat  scales  as  in  Culex 

Genus  Aldrichia  Theo. 

B.  Fork-cells  very  small,  resembling  those  of  Uranotamia  in  form. 

Body  and  thorax  non-scaly  ....  Genus  Bironella  Theo. 
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Genus  Anoi'HELICS.  Meigen,  N//.s/.  Beschr.  Eur.  ::nrijliig.  Ins.  Dijd. 
vol.  i.  p.  10,  1818. — Tills  genus  is  found  in  Europe,  Northern  Africa,  in 
the  hill  districts  of  India,  in  Australia,  the  West  Indies,  North  America, 
and  one  in  West  Africa.  It  is  essentially  a temperate  region  genus  ; 
those  that  occur  in  warm  climates  mostly  occur  in  hill  regions,  hut  not  all. 
Many  have  jierfectly  clear  wings,  and  so  might  be  mistaken  for  Culicines. 

Fifteen  species  occur  in  the  genus,  the  type  of  which  is  ylnophelesi 
macidipenniK,  common  to  Europe  and  North  America.  There  are  two 
unspotted-winged  European  species,  A.  Ufuveatus  Linn.,  and  A.  mgrijtes 
Staeger  ; closely  related  forms  to  the  first  of  these  occur  in  Africa  {A. 
algeviensU  Theobald)  and  in  Australia  {A.  austmliensis  Theobald) ; the 
type  also  occurs  in  North  America,  where  a variety  (A.  harheri  Coquillett) 
is  evidently  the  same.  Spotted- winged  forms  occur,  but  the  spotting  is 
very  scanty  {A.  crucians  Wiedemann,  A.  gigas  Giles,  etc.). 

Some  of  this  genus,  such  as  A.  maailipennis  and  A.  algeriensis,  are 
proved  carriers  of  the  malarial  Haemamoebidfe.  The  larvai  of  inacuUpennis 
occur  in  pools  and  rain-water  barrels  ; others,  as  hifurcatus,  gigas,  and 
Undsayii,  in  small  natural  collections  of  water. 

They  may,  as  in  A.  Undsayii,  occur  high  up  in  the  hills  in  India.  The 
adults  (inundipennis)  or  larvae  (bifurcatus)  may  hibernate.  Some  are 
domesticated,  others  are  found  in  the  open  country,  and  do  not  enter 
houses  as  a rule.  Probably  all  can  act  as  the  hosts  of  the  malarial 
parasites. 


Genus  INIyzomyia.  Blanchai’d,  C.  r.  Soc.  hiol.  Paris,  vol.  xxiii.  p. 
795,  1902. — Some  twenty-one  species  occur  in  this  genus.  The  wings 
are  all  much  spotted  with  areas  of  different  coloured  scales,  and  have  more 
or  less  definite  marks  along  the  costa.  They  are  mostly  small  mosquitoes. 
The  type  may  be  taken  as  the  Anopheles  fvnesfa  of  Giles,  which  bears  no 
resemblance  to  a true  Anopheles  whatever. 

These  mosquitoes  are  of  varied  habits.  Some  breed  in  pools  and 
artificial  collections  of  water  {M.  rossii),  others  in  rivers  and  streams  (71/. 
listonii  and  71/.  nili  and  d/.  fnnesta).  Five  at  least  ai'e  proved  malaria- 
bearers,  namely,  M.  listonii  Liston  and  71/.  fnnesfa  Giles,  71/.  turkhudii 
Liston,  d/.  cididfacics  Giles,  and  probably  d/.  nili  Theobald.  So  far 
d/.  rossii  Giles  has  been  found  incapable  of  transmitting  the  disease. 
One  species  (d/.  cididfacics  Giles,  5 noii  (^  ^)  rests  in  Culicine  fashion. 
Some  species  are  purely  wild,  such  as  Myzoniyia  lencosphyra  Liinitz  and 
d/.  elegans  James  ; whilst  others,  as  d/.  punchdatc  Diinitz  and  d/.  rossii 
Giles,  come  into  houses.  The  genus  has  representatives  in  Europe  (d/. 
superpicta  Grassi),  in  Africa  {M.  funesla  Giles),  Asia  (d/.  rossii  Giles), 
but  not  in  South  America,  North  America,  the  West  Indies,  or 
Australia 


‘ Giles’  male  of  this  wa.s  a different  species  (.V.  turklnnUi  Liston). 
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The  following  are  the  known  species  : — 

1.  M.  funesta.  Giles,  Mono.  Culicid.  i.  j).  iii.  Central  and  AVestern  Africa, 
Sudan,  Fliilippine  Islands.  (Type.) 

2.  M.  ro.ssii.  Gile-s,  Journ.  Trop.  Med.  1899.  India,  Malay  States, 
Philipiune  Islands. 

3.  M.  ludlowii.  Theobald,  Mon.  Culic.  iii.  p.  42,  1903.  Philippine 
Islands,  Malay. 

4.  M.  rhodesiensis.  Theobald,  ibid.  i.  ]>.  184,  1901.  Central  Africa. 

5.  M.  culicifacies.  Giles  (5)  non  <^),  Ent.  Mon.  M<u/.  p.  197,  1901. 

India,  Central  Provinces,  Berar,  Madra.?. 

G.  M.  listonii.  Liston,  Ind.  Med.  Gaz.  86,  ]>.  12,  1901.  India,  Fed. 
Malay  States. 

7.  M.  longipalpis.  Theobald,  Mon.  Culic.  iii.  p.  37,  1903.  British  Central 
Africa. 

8.  M.  leptoineres.  Theobald,  ibid.  iii.  p.  38,  1 903.  India. 

9.  M.  lutzii.  Theobald,  ibul.  i.  ]>.  177,  1901.  Brazil  and  British  Guiana. 

10.  M turkhiulii.  Liston,  Eid.  Med.  Gaz.  p.  441,  1901.  India. 

11.  M.  hi.spaniola.  Theobald,  Mon.  Culic.  iii.  p.  49,  1903.  Spain, 
Tenerifle. 

12.  M.  elegans.  James  and  Theobald,  ibid.  iii.  p.  51,  1903.  Bombay 
Presidency. 

13.  M.  punctulata.  Ddnitz,  Ins.  Bdrse,  5.  18.  31.  i>.  37,  1901.  Sumatra, 
Borneo,  New  Guinea. 

14.  M.  tessellata.  Theobald,  ilfon.  CaZic.  i.  p.  175,  1901.  Straits  Settlement!?. 

15.  M.  leucosphyra.  Ddnitz,  Li.s.  Bdrse,  5.  p.  37,  1901.  Sumatra,  Borneo, 
New  Guinea. 

16.  M.  albirostris.  Theobald,  Mon.  Culic.  iii.  p.  24,  1903.  Alalay  States. 

1 7.  M.  nili.  Theobald,  First  Rep.  Gord.  Coll.  Well.  Lab.  Sudan,  p.  66, 
1904.  Sudan. 

18.  M.  thorntonii.  Ludloav,  Canad.  Ento.  p.  69,  1904.  Pliilippine  Islands. 

19.  M.  aconita.  Ddnitz,  Beit.  z.  d.  Anop.  p.  70,  1902.  Sumatra,  Java. 

20.  AI.  hebes.  Ddnitz,  ibid.  p.  84,  1902.  Dar-es-Salam,  East  Africa. 

21.  M.  pyretophoroides.  Theobald,  Mono.  Culic.  iv.  p.  48,  1906. 

Genus  Cycloleppteron.  Theobald,  il/ww.  Culk.  vol.  ii.  p.  312, 

1901.  — Only  two  species  occur  in  this  genus — one  (C.  grahhamia,  Theo. 
Mono.  Culic.  i.  p.  28,  and  iii.  p.  56)  from  Jamaica,  the  other  from  Brazil 
{C.  mcdiopunctata,  Theo.  Mono.  Culic.  iii.  p.  60).  The  members  of  this 
genus  can  at  once  be  told  by  the  patches  of  large  inflaied  dark  scales  on 
the  wings. 

Genus  Stethomyia.  Theobald,  Journ.  Trop.  Med.  vol.  v.  p.  181, 

1902.  — This  genus  also  contains  but  two  species — one,  S.  nimba  Theob., 
from  South  America  (Moiio.  Culic.  iii.  p.  62,  1903);  the  other,  S.  fragilis 
Theobald,  from  the  Federated  Malay  States  (The  Enfomo.  p.  257, *1903), 
Tlie  main  distinguishing  feature  is  the  presence  of  Hat  scales  on  the 
middle  line  of  tlie  head  and  hairy  thorax  and  abdomen.  The  former 
species  is  probably  connected  with  bush  malaria  in  South  America,  and 
bites  very  viciously. 
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Genus  Pyrktoiuiokus.  Blanchard,  C.  r.  Soc.  hid.  J'ari.t,  'So.  23, 
p.  795,  1902. — This  is  a large  genus  Avhich  so  far  only  occurs  in  Africa, 
Asia,  and  Australia.  It  comes  near  IMyzomj'ia,  but  can  at  once  l)e  told 
by  having  narrow-curved  thoracic  scales.  They  are  also  much  larger 
species,  and  have  prominently  spotted  wings.  The  larvae  are  found  in 
puddles  and  streams,  and  also  in  flowing  water,  in  rice  fields,  and  in  rock 
pools. 

Three  species  at  least  are  connected  with  malaria,  viz.,  costalis  Loew, 
chimdoyei  Theobald,  and  urdeusis  Theobald,  all  from  Africa.  It  is 
essentially  an  African  genus,  but  it  also  occurs  in  India,  South  America, 
and  Australia.  Eleven  ’ species  arc  known,  as  follows  : — 

1.  P.  costalis.  Loew,  Anf.Zfff.ifer/.  J1.  55,  18GG.  Africa  and  Mauritius.  (Type.) 

2.  P.  marshallii.  Theobald,  Mono.  Cidic.  iii.  j).  77,  1903.  Mashonalaml. 

3.  P.  minimus.  Theobald,  ibid.  i.  p.  186,  1901.  Hong  Kong. 

4.  P.  ardensis.  Theobald,  Journ.  Eton.  Biol.  i.  p.  17,  1905.  Natal. 

5.  P.  cliaudoyei.  Theobald,  Mono.  Culic.  iii.  p.  08,  1903.  Algeria. 

0.  P.  superpictus.  Grassi,  Eea.  Acad.  Line.  (Stud.  Zool.  s.  Malaria),  ji.  78, 
1900.  S.  Europe. 

7.  P.  palestinensis.  Theobald,  Mono.  Culic.  iii.  jd.  71,  1903.  Palestine, 
Cyprus. 

8.  P.  jeypurensis.  Theobald,  ibid.  iii.  p.  66,  1903.  India. 

9.  P.  cinereus.  Theobald,  ibid.  i.  p.  161,  1901.  S.,  W.,  and  Central 

Africa. 

10.  P.  atratipes.  Skuse,  Proc.  Linn.  Soc.  N.  S.  Wales,  iii.  p.  1755.  New 
South  Wales,  Queensland. 

11.  P.  lutzii.  Cruz,  Mosquitos  do  Brasil,  p.  19,  1904. 

Genus  Arrib.vlzagia.  Theobald,  Mono.  Cidic.  iii.  p.  81,  1902. — A 
single  species  only  occurs  in  this  genus  at  present.  It  can  be  told  from  the 
next  genus  bv  having  hair-like  cuived  scales  all  over  the  thorax  and 
abdomen,  except  for  a few  narrow-curved  ones  in  front  of  the  thorax,  and 
with  lateral  abdominal  scale-tufts  and  scaly  venter ; otherwise  it  comes 
very  near  the  next  genus  [Miizorhynclnis).  The  single  species  (A.  macu- 
lipes,  Theobald,  Mono.  Culic.  iii.  p.  81,  1903)  occurs  in  the  Brazils  and  in 
Trinidad,  and  is  said  to  be  a malaria-carrier. 

Genus  Myzorhynchus.  Blanchard,  C.  r.  Soc.  hiol.  v.  23.  p.  795, 
1902. — This  very  marked  genus  can  at  once  be  told  by  its  densely 
scaled  palpi ; tlie  thorax  with  hairs ; alxlomen,  except  the  last  few 
segments,  with  hairs  and  a ventral  apical  scale-tuft.  (There  are  no 
lateral  tufts  as  in  the  former  genus.)  The  proboscis  is  densely  .scaly, 
d'hev  are  mostl}’  large  and  dai'k  species,  but  may  have  much  white 
on  the  legs.  All  known  at  present  are  Avild  insects,  and  l)i'eed,  as  a 
rule,  in  sAvampy  places,  especially  dark  pools  Avith  much  vegetation  and 
Avater  overgrown  Avith  green  weeds.  They  ai'c  vicious  biters,  and  several 
are  probably  connected  Avith  inalaria,  although  nothing  has  been  definitely 
proved  so  far.  The  malarial  parasites  can,  hoAvever,  develoj)  in  them, 

’ Tweiity-si.x  specie.s  are  now  known.  [Vifle  Vol.  lA'.  “Mono.  CnliculK.”) 
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and  it  is  probable  that  they  account  for  malaria  contracted  in  the  open. 
So  far  none  seem  to  occur  in  houses.  All  the  larvpe  ha\e  much  blanched, 
almost  brush-like,  frontal  hairs.  One  species  (d/.  nigerriinm)  has  been 
found  to  prove  an  efficient  host  for  Filarut.  hancroffi.  The  genus  occurs 
in  Africa,  Asia,  S.  Europe,  and  Australia. 

The  following  species  are  known  : — 

1.  M.  barbirostris.  Van  der  Wulp,  Linjd.  Mus.  Notes,  G.  p.  48.  India,  West 
Africa.  (Type.) 

2.  -M.  bimcrofti.  Giles,  Hbk.  Gnats,  2nd  ed.  p.  511,  1902.  Queensland. 

3.  M.  umbrosus.  Theobald,  Mono.  Culic.  iii.  p.  87,  1903.  Malay. 

4.  M.  albotieniatus.  Theobald,  'ibid.  iii.  p.  88,  1903.  Straits  Settlements. 

5.  M.  sinensis.  Wiedemann,  Ausseuro.  Zweit.  his.  p.  547,  1828.  China, 
Formo.sa  ; Federated  IMalay  States. 

(?.  ^1.  vanus.  AValker,  Jourii.  Pro.  Linn.  Soc.  v.  p.  91,  I860.  Malay, 
China. 

7.  M.  annularis.  Van  der  "Wulp,  Le;/d.  Mus.  Notes,  9.  ]>.  249,  1889.  East 
Java,  Malay,  India. 

8.  M.  pseudopictus.  Grassi,  Pea.  Acad.  Line.  {Stud.  Zool.  S.  Malaria,  1 890). 
Italy. 

9.  jM.  ininutus.  Theobald,  Mono.  Culic.  iii.  p.  91,  1903.  India  (Punjab). 

10.  M.  nigerrimus.  Giles,  i/Wc.  Gnats,  p.  161,  1900.  India. 

11.  ]\I.  mauritianus.  Grandpre  and  Ghsxmoy,  Les  Moustiques,  Planters'  Gaz. 
Press,  1900.  Mauritius,  Central  and  Northern  Africa. 

12.  M.  plumiger.  Ddnitz,  Ins.  Bdrse,  Jan.  1901.  Hong  Kong,  East  India. 

13.  1\[.  paludis.  Theobald,  Report  Mai.  Coin.  Poij.  Soc.  p.  75,  1900.  West, 
Central,  and  Northern  Africa. 

14.  M.  pseudobarbirostris.  Ludlow,  Journ.  N.  York  Ent.  Soc.,  Sept.  1902. 
Philippine  Islands. 

15.  M.  coustanii.  Laveran,  Arch.  d.  Parasit.  6.  p.  389,  1902.  Madagascar. 

16.  Strachanii.  Theobald,  Mono.  Culic.  iv.  p.  85,  1906. 

Genus  Christy.v.  Theobald,  “ Rep.  Sleeping  Sickness,”  Royal  Sor. 
vol.  vii.  p.  84,  1903. — A single  species  only  occurs  in  this  genus,  which 
is  allied  to  the  former,  but  can  easily  be  told  by  the  very  long  lateral  apical 
tufts  of  scales  on  the  abdomen.  The  fork-cells  are  rather  short,  ami  the 
thorax  has  hair-like  scales,  with  narrow-curved  ones  laterall)'’,  and  the 
prothoracic  lobes  with  narrow-curved  scales.  The  single  species  {C.  im- 
ple.ra,  Theobald,  “Rep.  Sloc])ing  Sickness,”  Roy.  Soc.  vol.  vii.  p.  S4,  1903) 
comes  from  Uganda. 

Genus  Lophoscelomyia.  Theobald,  The  Enlomologisi,  p.  12,  1904. — 
This  genus  is  so  far  only  known  in  Malaya.  The  head  has  narrow-curved 
as  well  as  upright-forked  scales  ; palpi  densely  scaled.  Thorax  with 
long  curved  hair-like  scales,  prothoracic  lobes  with  a tuft  of  spatulate 
scales.  The  legs  have  dense  tufts  of  outstanding  scales  at  the  apex  of 
the  hind  femora. 

The  larvae  of  the  only  species  {L.  asioiica,  Leicester,  Entoino.  j). 
13,  1904)  live  in  the  water  collected  in  pierced  and  fallen  bamboos  in  the 
Malay  jungles. 


MOSQC^/TOES  OR  CUI.ICID^E 


iSS 


Genus  NYssoHHYNCirus.  Blanchai'd,  C.  r.  Soc.  hid.  vol.  xxiii.  p.  795, 
1902. — A number  of  species  occur  in  tliis  group.  Some  ui'e  malaria- 
bearers,  or  at  least  the  parasites  may  develop  in  them  (A’,  dephensii,  etc.). 
This  is  a very  marked  genus,  but  contains  a few  aberrant  forms. 

The  thorax  has  narrow-curved  and  spindle-shaped  scales.  The 
abdomen  has  scales  on  the  venter  and  dorsal  patches  mostly  on  the  apical 
segments.  Many  have  spotted  legs  and  one  or  more  white  himl  tarsals, 
which  undoubtedly  vary  in  number  at  dift'erent  seasons,  as  also  do  the 
wings  and  palpal  banding.  The  species  are  all  best  distinguished  by 
squamose  charactei’S  which  do  not  vary  in  foim.  The  larviv;  are  mostly 
pot  and  puddle  breeders  ; some,  however,  live  in  marshc.s,  others  in  liill 
streams  in  jungles.  The  adults  occur  both  in  houses  and  huts  and  out  of 
habitations. 

Some  dozen  or  more  species  are  known.  The  following  have  been 
described  : — 


1 . X.  macidatus. 
(Type.) 

2.  X.  theobahlii. 
Hinterlaml. 

3.  X.  stephensii. 
Dec.  1901.  India. 

4.  X.  fuliginosus. 
States. 


Theobald,  Mono.  Chdir.  i.  p.  171,  1901.  India,  Malay. 
Giles,  Ent.  Mon.  Mag.  p.  198,  1901.  India,  Adeiv 
Liston  {=  metaboles  Theob.),  Ind.  Med.  Gaz.  36.  p.  12, 
Giles,  Hhk.  Gnats,  p.  160,  1900.  India,  Fed.  Malay 


5.  Xb  maculipalpis.  Giles,  ibid.  2nd  ed.  p.  297,  1902.  India,  Mauritius, 
and  Mashonaland. 

6.  X.  pretoriensis.  Theobald,  Mono.  Culic.  iii.  p.  99,  1903.  Pretoria; 
X'atal. 

7.  N.  witmorii.  James,  ibid.  iii.  p.  100,  1903.  Kashmir,  Malay. 

8.  X'.  karwarii.  Janies,  ibid.  iii.  p.  102,  1903.  Karwar,  Goa,  and  Malay. 

9.  X.  annulipes.  'Walker,  Ins.  Sfinnd.  i.  p.  433,  1850.  Australia. 

10.  X.  masterii.  Skuse,  Proc.  Linn.  Soc.  iV.  S.  Wa/cs,  p.  1757,  1889. 

Australia. 

11.  X.  nivipes.  Theobald,  The  Entomo.  p.  258,  1903.  Fed.  I\Ialay  States. 

12.  X.  jamesii.  Theobald,  Mono.  Culic.  \.  p.  134,  1901.  South  India  and 
Ceylon. 

13.  X.  philippinensis.  Ludlow,  Journ.  N.  York  Ent.  Soc.  x.  ]>.  128,  1902. 
Philippine  Islambs. 


Genus  Cellia.  Theobald,  Mono.  Culic.  vol.  iii.  p.  107,  190.3. — The 
seven  species  of  this  genus  all  present  similar  characters,  the  most  nuirked 
being  the  more  or  less  densely  scaled  abdomen  with  dense  hiteral  tufts  ; 
the  abdominal  scales  may  be  longish  narrow-curved  ones  or  spindle- 
shaped  ; the  thorax  has  many  flat  spindle-shaped  scales,  and  the  wings  arc 
densely  scaled.  The  dense  irregular  abdominal  scales  are  the  most 
marked  character.  Two  or  three  species  ]>rove  efficient  hosts  for  the 
malarial  parasites  (C.  jdiarocnsis ; C.  argyrotarsis,  and  probtibly  C.  alhimanus). 

The  larvae  live  in  pools  and  water-courses,  canals,  roadside  puddles, 
and  any  open  water.  Some,  as  C.  Jcochii,  arc  most  abundant  in  the 
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vicinity  of  liabitations.  The  adults,  as  seen  in  C.  pharoensis  and  C. 
pulcherrhna,  are  found  in  houses,  barracks,  and  native  huts. 

Tlie  genus  occurs  in  Asia,  Africa,  South  America,  and  the  West  Indies. 
The  following  have  been  described  : — 

1.  C.  pharoensis.  Theohald,  Mon.  Culic.  i.  p.  160,  1901.  Africa  (\^  est, 
East,  Central,  and  Northern).  (Type.) 

2.  C.  pulcberrima.  Theobald,  Proc.  lioy.  Soc.  Land.  Ixix.  p.  3G9,  1902. 
India. 

.3.  C.  squamosa.  Theobald,  Mon.  Culic.  i.  p.  167,  1901.  Africa  generally. 

4.  C.  kochii.  Dbnitz,  Ins.  Boise,  v.  p.  18,  Jan.  31,  1901.  Federated 
Malay  States,  Sumatra,  Java,  Philippine  Islands. 

5.  C.  argyrotarsis.  Robineau-Desvoidy,  E.ssai  sur  les  Cidicid,  p.  411,  1827. 
West  Indies  and  South  America  and  South  of  Noilh  America. 

6.  C.  albimanus.  Wiedemann,  Mon.  Cidic.  i.  p.  125,  1901.  West 
Indies,  British  Guiana,  Brazil. 

7.  C.  bigotii.  Theobald.  Mono.  Culic.  i.  p.  135,  1901. 

Genus  Aldrichlv.  Theobald,  Mono.  Culic.  iii.  p.  353,  1903. — This 
is  the  most  marked  Anopheline  genus,  and  can  at  once  be  told  by  the 
abdomen  being  complete!}^  covered  with  flat  overlapping  scales  as  in 
Culex.  The  thorax  has  narrow-curved,  almost  hair-like  scales,  and  flat 
outstanding  ones  to  the  prothoracic  lobes. 

Nothing  is  known  of  the  single  species  A.  error  (Theobald,  Mon. 
Culicid.  iii.  p.  353,  1903),  Avdnch  was  taken  in  India.  The  species  was 
l')laced  as  one  of  the  tapes  of  Giles’  rossii ! 

Genus  Bironella.  Theobald,  Ann.  Mus.  Xat.  Unrig,  iii.  p.  69,  1905. 
— In  this  genus  the  mesothorax  has  numerous  short  curved  hairs,  abdomen 
nude  and  hairy,  head  with  uj^right-forked  scales  of  two  kinds.  The  first 
fork-cell  in  the  male  is  very  sinall,  Avith  its  stem  at  least  four  times  the 
length  of  the  cell,  the  second  posterior  much  larger  than  the  first  sub- 
marginal cell.  The  most  marked  feature  is  the  Aving  Amnation.  The 
male  only  is  knoAvn,  and  but  a single  species,  B.  gracilis  Theobald  {Ann. 
Mus.  Nat.  Hung.  iii.  p.  69,  1905),  found  in  Ncav  Guinea. 


Genus  uncertain 

Some  nineteen  species  (1)  have  been  desci'ibed  in  such  a Avay  that 
their  generic  lAosition  cannot  be  determined.  Probably  scA'eral  of  these 
are  inA'alid  species  : — 

Anoplieles  marliiiii.  Laveran,  C.  r.  Soc.  hiol.  Paris,  liv.  p.  907,  1902. 

A.  anteimatus.  Becker,  Mid.  ans.  d.  Zool.  Mus.  in  Berlin,  ii.  ]>.  68,  1903. 

brachypus.  Dbnitz,  Zeip.  Hyg.  jt.  52,  1903. 

A.  maculico.stus.  Becker,  M.  a.  d.  Zool.  Mus.  ii.  p.  69,  1903. 

A.  multicolor.  Cambonlin,  C.  P.  Acad,  des  Science,  cxxxau.  p.  704,  1902. 
A.  vincentii.  Laveran,  C.  r.  Soc.  hiol.  Paris,  liii.  p.  993,  1901.  Tonkin. 
A.  farautii.  Laveran,  ibid.  liv.  p.  908,  1902.  Nbav  Hebrides. 

A.  pur.satii.  Laveran,  ihid.  p.  906.  Cambodia. 
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A.  pictus.  Loew,  Dipt.  Beitr.  p.  4,  1845. 

A.  (Xyssorliyuchus  ?)  deceplor.  Dunitz,  Zdtschr.  f.  Hy<j.  xli.  1903. 

A.  (Myzomyia  ?)  impunctus.  Doiiitz,  ibid. 

A.  (I’yretoplioius  ?)  menis.  Donitz,  ibid.  p.  77. 

A.  aiinulinianus.  Van  der  Wulp,  Tijdsch.  v.  Entomo.  x.  p.  130,  1867. 

A.  aunulipalpis.  Arribalzaga,  Naturalista  Argent,  p.  149.  1.  1878. 

A.  (Myzorhynchiis  ?)  ziemannii.  Griinberg,  Zool.  Anzeiger,wv.\).  677,  1902. 

A.  (Anopheles'?)  eisenii.  Coquillett,  K.  F.  Ent.  Soc.  x.  i>.  192,  1902. 

Colonel  Giles  also  describes  a damaged  species  as  A.  ptitchfordii  from 
Zululand  that  is  not  valid  {Eerision  of  A nophelinn’,  p.  34.  4.  1904). 

Culicin'a: 

The  Cnlicinaj  are  those  moscpiitoes  which  have  a straight  proboscis  ; 
short  ]>alpi  in  the  females,  long  in  the  males  ; the  metanotum  is  nude, 
and  they  have  onl}^  six  scaled  longitudinal  veins. 

There  are  thirty-five  very  distinct  genera,  which  can  easily  be  dis- 
tinguished by  the  s<piamose  ornamentation  of  the  head,  thorax,  legs,  and 
wings. 

In  this  important  group  comes  the  yellow-fever  bearei-,  Stegomyia 
fasridta,  and  true  Culex,  which  are  intimately  connected  with  filariasis. 

There  are  several  genera  {Macleaya,  Scufomyia,  etc.)  closely  related  to 
Stegomyia,  but  at  present  none  have  been  found  to  be  connected  with 
disease. 

The  old  genus  Culex  contained  all  manner  of  diverse  forms,  Imt  has 
been  recently  divided  into  many  genera,  squaniose  characters  again  being 
found  to  l)e  the  only  trustworthy  ones.^ 

All  the  larva?  have  long  siphons,  but  there  is  comsiderable  variation 
in  regard  to  general  length  in  many  of  the  genera.  As  a rule  each 
genus  has  sylvan  and  domestic  species.  The  larva?  are  found  in  all 
manner  of  collections  of  water;  several  {Mucidus  spp.,  Culex  marinvs,  etc.) 
can  live  in  the  sea  and  even  brine  pools.  The  most  important  genera 
only  are  mentioned  here,  the  reader  being  referred  to  my  monograph  (20) 
for  further  details. 

Genus  Theobaldia  Neveu-Lemaire. — The  members  of  this  genus 
are  often  confused  with  the  true  Anopheles  because  the  wings  are 
frequently  spotted  with  tlark  groups  of  scales,  which  may  or  may  not  be 
very  pronounced.  The  type  is  T.  aunulata  Schrank,  which  boars  a 
siqierficial  resemblance  to  Anopheles  maculipennis  Meigen,  but  can  at  once 
])e  told  by  its  banded  legs.  The  scales  on  the  head  (except  the  sides)  are 
narrow-curved  and  upi'ight-forked  ones,  those  on  the  scutellum  narrow 
curved.  The  palpi  of  the  males  are  longer  than  the  proboscis  and 
clavate,  those  of  the  female  prominent,  but  much  shorter  than  the 
proboscis.  The  spotted  wings,  clavate  male  palps,  and  large  lanceolate 
vein-scales  render  them  very  distinct  from  other  Culicines.  The  species 

’ Felt  has  made  several  new  good  genera  out  of  Culex  adopting  S genitalic  characters 
chiefly,  and  the.se  are  found  to  agree  with  their  .separation  on  squaniose  characters  alone. 
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belong  to  temperate  climates,  when  they  occur  elsewhere  they  are 
usually  found  in  hill  regions,  but  recently  T.  Hpathipalpia  Rondani  has 
made  its  appearance  at  Ivhartoum  and  the  Gape,  and  is  found  in  abund- 
ance at  Madeira  and  TeneriHe,  and  also  in  Algeria,  Gibraltar,  and 
Morocco.  The  six  species  are  domestic,  and  hence  are  easily  spread 
artificially  by  rail  and  boat.  They  all  bite  very  viciously,  and  frequently 
cause  nasty  wounds  at  night,  Avhen  they  are  most  active.  Two  of  the 
commonest  species,  ainiulata  and  spathipaljns,  are  of  frequent  occurrence  in 
privies. 

The  larvaj  have  a short,  rather  thick  siphon,  and  are  found  in  rain- 
water barrels,  etc.  The  adults  hibernate  during  the  winter  in  cellars, 
outhouses,  and  dark  places.  The  males  die  off  in  the  autumn  after 
having  fertilised  the  females. 

The  following  species  exist : — 

1.  Theobaldia  aiiimlata.  Sclirank,  Beitr.  Natiir.  p.  97.  70,  177G.  Europe, 

India  (Punjab),  North  America,  and  ? Mexico.  (Tyjje.) 

This  is  one  of  the  wor.st  biting  British  Culicines. 

2.  Theobaldia  ficalbii,  Noe,  Ball.  Soc.  Ent.  Ital.  .31,  p.  231,  1890.  Italy. 

3.  Theobaldia  glaphyrojrtera.  Schiner,  Faun.  Austr.  Die  Flieyen.  ii.  p.  628, 

10,  1864.  Austria. 

4.  Theobaldia  incidens.  Thomson,  i>ksn.  p.  443.  California  and 

other  parts  of  the  U.S.A.,  New  Mexico. 

5.  Theobaldia  spathipalpis.  Rondani,  Dipt.  Ital.  Pro.  vol.  i.  1886.  Italy, 

Mediterranean  Islands,  Gibraltar,  Algeria,  Morocco,  IMadeira,  Canary 

Islands,  Cape  Colony,  Sudan  and  Egypt,  and  India. 

A very  vicious  biter,  frequently  found  in  privies. 

6.  Theobaldia  penetran-s.  Deavoidy,  Ess.  Culic.,  1827.  France. 

Genus  Mucious  Theobald. — This  genus  is  very  peculiar,  owing  to 
the  mouldy-looking  appearance  of  the  insects,  which  have  long  twisted 
outstanding  grey  scales  on  the  head,  thorax,  legs,  and  abdomen.  The 
legs  have  dense  outstanding  scales,  and  the  wings  are  mottled  and  have 
broad  pyriform  or  fan -shaped  scales,  which  are  })arti- coloured.  The 
larvre  live  in  both  salt  and  fresh  water,  and  ai-e  carnivorous,  feeding  upon 
the  lan^ae  of  other  Culieids,  even  large  Toxorhynchns,  and  in  turn  are 
preyed  upon  by  them.  They  have  long  and  thick  siphons.  The  pupa?, 
have  short,  broad  air- trumpets,  and  no  caudal  fins.  The  adults  bite 
viciously.  Species  occur  in  Africa  (d/.  africamis  Theobald,  and  M. 
mucidus  Karsch),  in  Australia  (M.  aliernans  Westwood),  and  in  India  and 
the  East  Indies  {M.  laiiifjer  Wiedemann,  and  J\f.  scatophagoides  Theobald). 
80  far  no  human  disease  has  been  connected  with  this  genus. 

Genus  IMansonia  Blanchard. — This  very  marked  genus  can  at  once 
be  told  from  other  Culicinse  l)y  the  broad,  fiat,  asymmetrical  wing-scales, 
which  are  mottled.  The  females  frequently  occur  in  enormous  numbers, 
and  bite  most  viciously,  producing  great  irritation.  Swarms  are  found 
along  the  Nile,  making  life  unbearable  at  twilight  and  at  night.  Representa- 
tives occur  in  Asia,  Africa,  North  and  South  America,  and  Australia,  but 
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the  mimlter  of  species  is  few  (seven).  The  larvae  have  a very  distinct 
siphon,  with  a broad  base  and  the  apex  much  contracted,  and  the  pupa^ 
have  the  air-trumpets  long  and  curved  irregularly.  The  ova  are  laid 
separately,  and  have  long  necks  (piite  unlike  those  of  any  other  Culicine. 

Members  of  the  genus  may  be  connected  with  filarial  diseases.  One 
species  (.1/.  uniformis  Theobald)  occurs  iii  Africa,  India,  and  Australia 
(the  africana  Theobald  and  the  austruliensce  Giles  are  this  species). 

Three  species  occur  in  South  America,  Southern  North  America, 
and  the  AVest  Indies  (J/.  titallans  Walker,  M.  ‘pseudotitillans,  and  M. 
(tiiHizoiiensis  Theobald),  three  in  Africa  (JA  uniformis,  M.  major,  and  iV. 
nigra  Theobald),  and  three  in  Asia  (i)/.  uniformis,  M.  annulifera  Theobald, 
and  M.  unnulipes  AValker). 

Genus  MEL.A.NOCOXION  Theobald. — These  are  all  very  small  black 
mosfjuitoes;  some  of  them  bite  very  viciously,  and  owing  to  their  small 
size  are  able  to  get  through  ordinary  mosquito  curtains.  The  head  and 
scntellum  have  small  narrow-curved  scales.  The  main  difference  from 
Culex  is  that  the  scales  on  the  apical  portions  of  the  wings  are  small, 
short,  dense,  and  broad,  and  also  along  the  upper  costal  border,  which  has 
spine-like  scales  on  the  outer  edge.  The  femora  are  swollen  at  their 
base  and  apex,  and  the  tibioe  at  their  apices. 

They  are  both  domestic  and  sylvan,  the  latter  swarming  in  swamps 
and  forests.  The  type  is  M.  atratus  Theobald,  found  in  the  West  Indies 
and  South  America ; three  species  occur  in  South  America,  three  in  the 
West  Indies  (M.  atratus,  M.  sjnsipes  Theobald,  Mon.  Culic.  iii.  p.  242;  M. 
nigripalpns  Theol)ald,  ibid.  ii.  p.  322).  The  larvse  have  a very  long  thin 
siphon,  and  the  pupte  two  long  thin  air-trumpets. 

The  larvfe  occur  in  permanent  pools,  and  neither  minnows  nor  dragon- 
fl}’  larvse  appear  to  desti’oy  them,  in  spite  of  their  delicate  nature.  They 
feed  on  algte,  and  are  often  green  in  colour. 

Genus  Gr.\bhamia  Theobald. — Many  of  these  are  vicious  biters, 
producing  painful  wounds.  The  head  and  thorax  have  narrow-curved 
scales,  the  former  somewhat  broader  than  in  Culex.  The  wings  have 
rather  thick  median-vein  scales,  and  broadish  short  lateral  ones  on  the 
subcostal  veins  and  on  the  major  areas  of  the  upper  ones  ; the  scales,  being 
black  and  yellow  or  white,  give  the  wings  a j^epper-and-salt  a])pearance, 
the  fork-cells  are  short,  and  the  wings  short  and  stumpy.  The  eggs  are 
deposited  singly,  not  in  rafts,  and  may  be  laid  on  damp  mud  as  well  as 
on  water.  The  larvje  have  short,  thick  siphons,  and  in  one  species  at 
least  {G.  jamaicensis  Tlieobald)  they  lie  pai'allel  with  the  sui'face  of 
the  water,  but  somewhat  bent  in  the  middle. 

At  least  fifteen  species  are  known  ; the  majority  come  fi'om  Europe 
and  North  America,  one  from  Natal,  and  another  from  the  Philippine 
Islands. 

The  t}q)e  is  Grahhamia.  jamaicensis  Theobald  {Mono.  Cidic.  ii.  p.  345, 
1901),  which  occurs  in  North  America  and  Jamaica. 
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Gmbhamia  dorsalis  Meigeii  (Si/sf.  Beschr.  zweifl.  Ins.  iv.  p.  242,  1818) 
is  the  most  abundant  European  species,  and  bites  very  ravenously  at 
night,  especially  along  the  valley  of  the  Thames  and  Medway  and  on  the 
eastern  coast  of  Britain.  The  larvje  breed  in  pools  and  dykes,  and  are 
found  especially  in  those  with  muddy  banks.  The  adults  do  not,  as  a 

ride,  occur  indoors,  but  G. 
spencerii  Theobald  {Mono. 
Culic.  ii.  p.  280)  is  an  indoor 
pest, — a variety  {idahcevsis 
Theobald)  is  so  small  that 
it  readily  crawls 
ordinary  mosquito  nets. 


through 


Fui.  in;.— Ceplialic  and  Scutellar  Cliaracter.s.  A,  Culex  ; I), 
.Vnoplinles ; C,  fStp^omyia  ; D,  Danielsia  ; E,  Marleaya 
/•',  Scutomyia ; (!,  Finlaya ; II,  M imomyia.  A.j,E.j,  and 
C.j,  .side  views  of  A,  B.  and  C. 


Genus  Stkgomyia  Theo- 
bald. After  the  Anophelina? 
the  next  most  important 
group  is  Sfego>n//ia  and  some 
allied  genera. 

This  genus  differs  mark- 
edly from  Culex  in  general 
appearance.  The  species  are 
all  snmll,  dark  insects  with 
silvery  markings,  and  many 
have  their  legs  banded  witli 
white.  They  are  often 
called  Tiger  Mosquitoes. 
The  importiince  of  the  genus 
is  that  it  contains  the  yellow- 
fever  carrier,  Stegoim/iu  fas- 
ciafa,  at  present  the  onl}' 
species  known  to  be  im- 
plicated. There  is,  however, 
no  reason  to  imagine  that 
the  others  are  not  capable  of 
transmitting  the  disease,  so 
that  their  distribution  is  a 
matter  of  importance.  The 


characters  of  the  genus  are  as  follows  : — Head  entirely  covered  Avith 
flat  scales  and  some  upright- forked  ones.  The  palpi  of  the  female 
are  short  .and  small ; in  the  male  they  are  long  and  thick,  Avith 
scanty  haii'-tufts.  The  thorax  has  narroAv- curved,  or  almost  spindle- 
shaped  scales,  except  the  scntelluin,  Avhich  has  always  dense  flat  scales.  The 
combination  of  head  and  scutellar-scale  structure  are  the  main  generic 
features.  The  Avings  have  rather  short  fork -cells,  and  the  scales  are 
broAvn  and  dense,  those  on  the  apices  of  the  veins  especially  so ; they  are 
broader  than  in  a typical  Culex.  The  ornamentation  of  the  thorax  is 
very  variable,  and  most  species  can  be  identified  by  these  markings  alone. 
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Some  are  very  vicious  l)iters,  and  invade  houses  in  great  numbers ; others 
are  mainly  sylvan.  They  bite  both  by  day  and  night.  The  larvas  have 
short  thick  siphons,  and  are  found  in  barrels,  cisterns,  artificial  i)Ools,  and 
even  in  such  small  collections  of  water  as  those  found  in  jam-]iots, 
calabashes,  and  empty  sardine  tins. 

The  ova  are  deposited  singly,  not  in  rafts,  and  are  black  and  oval, 
surrounded  with  a series  of  small  air-chambers.  The  ova  can  withstand 
long  desiccation  ; some  of  S.fasduta  sent  to  me  from  Cuba  hatched  out — 
after  having  been  left  in  a dry  test-tube  for  two  months — when  placed  in 
tejiid  water  in  less  than  twenty-four  hours. 

There  are  at  present  known  to  be  seventeen  species  in  this  genus, 
which  occurs  in  tropical,  subtropical,  and  the  warmer  temperate  regions 
only,  roughly  speaking  to  about  40°  on  each  side  of  the  equator.  Seven 
species  occur  in  Asia,  six  in  Africa,  two  in  Australia,  two  in  North 
America,  and  one  in  the  Philippine  Islands.  The  following  are  the  more 
important  species  : — 

Stegomi/ia  fasnaia  Fabricius. — This  so-called  Tiger  Mosquito — the 
yellow-fever  carrier — has  been  described  under  no  less  than  eighteen 
ditlerent  names.  The  reason  for  this  is  not  always  clear,  as  one  aiithority 
(Walker)  descidbed  it  as  seven  separate  insects.  This  species  can  at  once 
be  told  by  the  thoracic  adornment.  The  thorax  and  the  whole  ground 
colour  of  the  insect  is  deep  blackish-brown ; the  thorax  has  two  median 
parallel  yellow  scaled  lines,  and  on  each  side  of  them  a curved  silver}' 
white  line  ; the  dark  abdomen  has  a basal  white  band  on  each  segment, 
and  the  black  legs  have  basal  white  bands.  Three  distinct  varieties 
occur;  one  (the  C^dex  mosquito  of  Arribalzaga)  has  no  median  parallel 
thoracic  lines  ; the  second  {luciensis  Theobald)  has  the  last  hind  tarsal 
all  white ; and,  thirdly,  queenslandcnsis  Theobald,  in  which  the  abdomen 
has  basal  and  apical  pale  Ijands  and  many  white  scales  OA^er  the  Avhole 
abdominal  surface.  This  insect  Avas  first  described  by  Fabricius  {Syst. 
Anil.  3G.  13.  1805)  as  Culcx  fasciatus.  It  Avas  raised  to  generic  raidc 
owing  to  scale-structure  in  1901  {Mono.  Cnlic.  I.  p.  283). 

It  breeds  in  all  manner  of  places  close  to  and  in  man’s  habitations, 
such  as  rain-Avater  barrels,  cisterns,  tanks  on  steamers,  Avater-jugs  indoors, 
Avater  collected  in  pots  and  pans,  old  sardine  tins  and  calabashes,  and 
Avhen  forced  to  in  pools  and  dykes. 

The  Tiger  Mosquito  bites  chiefly  betAveen  the  hours  of  1 and  3 I’.iU., 
but  also  at  night.  It  is  attracted  to  dark  colours,  choosing  such  to  rest 
upon,  and  attacks  people  dressed  in  dark  clothes  much  more  than  those 
in  pale  garments. 

It  rests  and  shelters  in  curtain  hangings,  dark  clothing,  and  corners 
of  Avails  during  the  early  part  of  the  day.  The  males  have  been  said  to 
bite  (Ficalbi),  but  this  is  not  so.  Both  males  and  females  feed  upon 
bananas  ; and  in  this  Avay,  haAung  been  attracted  1)y  them,  they  are  carried 
during  the  ti-ansit  of  the  fruit  aln-oad. 

The  distrihutiun  is  very  Avide ; the  folloAving  are  localities  from  Avhich 
it  has  been  recorded  : — Europe — Southern  Italy,  Spain,  Portugal,  Greece, 
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Malta.  Asia — Ceylon,  Eastern  Hindoostan,  Malay  Peninsula  (certain 
ports,  but  not  inland),  Siam  (one).  Southern  Japan,  Palestine.  Africa — 
M’’est  Coast,  Senegambia,  Freetown,  Lagos,  Nigeria,  Old  Calabar,  Uganda, 
Sudan,  and  down  the  Nile  into  Egypt  and  along  the  Suez  Canal,  Gibraltar, 
■Vlgeria,  and  Morocco.  Audralia  generally,  abundant  in  the  uplands  of 
Victoria,  and  in  Queensland  ; at  Port  Darwin,  South  Australia.  Eastern 
Archipelago — Java,  Sumatra,  British  New  Guinea.  Soidh  America  — 
British  and  French  Guianas,  down  through  the  Brazils  to  the  Argen- 
tine; Ecuador,  Peru,  Chile.  In  Central  America  at  Panama,  Costa 
Rica,  British  Honduras,  Nicaragua,  Guatemala,  and  in  Mexico.  North 
America  — in  JMissouri,  Indiana,  North  Carolina,  Maryland,  Arizona, 
South  Carolina,  Texas,  Florida,  Georgia,  Alabama,  Mississippi,  Louisiana, 
Arkansas,  Tennessee,  Illinois,  Kentucky,  Virginia.  JFest  Indies — Jamaica, 

St.  Lucia,  Cuba,  Haiti,  Antigua,  Grenadine  Islands,  Montserrat,  Dominica, 
Barbados,  Trinidad,  Caymans,  Nevis,  St.  Kitts,  Bahamas.  Oceanic  Islands 
— Madeira  and  Teneriffe,  Seychelles,  Philippine  Islands,  Fiji,  Samoa, 
Sandwich  Islands,  most  of  the  South  Pacific  Islands  (Pitcairn,  etc.),  St. 
Vincent. 

Stegomyia  fasciata  readily  travels  by  l)oat  and  train,  and  in  this  way 
its  very  wide  distribution  can  be  explained.  Fortunately  its  breeding 
haunts  are  in  and  around  man’s  habitations,  and  hence  the  larvae  can  be 
stamped  out  more  easily  than  in  the  case  of  the  Anophelinte.  The  bene- 
ficial results  of  destroying  this  insect  have  been  seen  in  Havanna,  where 
yellow  fever  has  consequently  ceased  to  bo  a scourge. 

The  Asiatic  Stegomyian  (S.  scutellaris  ^Valker). — This  species  is  very' 
closely  related  to  S.  fasciata,  and  resembles  it  in  general  shape  and  colora- 
tion ; but  it  can  at  once  be  told  by^  having  one  median  silvery  white  line 
on  the  mesothorax.  Its  distribution  is  confined  to  Asia  and  some  Oceanic 
Islands.  The  following  are  localities  where  it  has  been  recoi’ded  ; — 
Ceylon,  Sombalpur,  Central  Provinces,  Calcutta,  Madras,  Naini  Tal, 
Canara  district,  Goa  in  India  ; Penang,  Perak,  Singapore,  Selangor,  Upper 
Burma,  Kwala  Lumpur  in  Malay ; Siam,  Christmas  Island,  Amboina, 
Celebes,  North  Borneo,  British  New  Guinea  in  the  East  Indies;  Hong 
Kong,  Foo  Chow,  and  Shaohyling  in  China ; Formosa,  Japan,  Mauritius, 
Fiji,  Victoria,  Sey-chelles,  Philippine  Islands,  Samoa.  To  these  different 
islands  it  has  probal)ly  travelled  by  boat. 

Strictly  speaking,  this  insect  is  a sylvan  one.  The  larvae  are  found 
in  small  dark  holes,  in  wells,  in  hollow  trees,  in  empty  cocoa-nut  shells, 
and  in  cut  bamboos.  They^  feed  u})on  rotting  leaves,  and  revel  in  the 
dark.  Nevertheless  they  become  domesticated  in  large  numbers,  especi- 
ally where  extensive  growths  of  jungle  and  forest  have  been  cleared  for 
habitations,  and  may  then  be  found  lireeding  in  tubs,  water-jugs,  cisterns, 
inside  houses  as  Avell  as  in  any  receptacles  of  water  inside.  The  bite  is 
most  irritating,  and  when  they^  have  once  found  out  a person  they'-  will 
follow  him  out  of  the  dark  forest  or  jungle  into  the  bi-ight  sunlight.  As 
it  is  so  closely'  related  to  the  yellow-fever  carrier  its  habits  and  dis- 
tribution are  of  great  importance,  for  there  is  no  reason  to  doubt  tha.t 
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it  might  not  play  the  same  rule  if  yellow  fever  were  introduced  into 
Asia. 

The  other  members  of  the  genus  are  not  so  important,  being  neither 
so  abundant  nor  of  such  wide  distribution.  They  are  as  follows : — 

3.  Stegomyia  alricana.  Theobald,  Mon.  CuUc.  i.  p.  304,  1901.  West  and 

Central  Africa. 

4.  Stegomyia  thomsonii.  Theobald,  Genera  Ins.  Culic.  p.  18,  1905. 

X.W.  Provinces,  India. 

5.  Stegomyia  grantii.  Theobald,  Mon.  Culic.  i.  p.  306,  1901.  Sokotra. 

6.  Stegomyia  nigeria.  Theobald,  idem,  i.  p.  303.  Bonny,  A\"est  Africa. 

7.  Stegomyia  crassipes.  Van  der  AVnlp,  Dipt.  Mid.  Sum.  j).  9.  Burma 

and  Soeroelangoen. 

8.  Stegomyia  argenteopunctata.  Theobald,  Mon.  Culic.  v.  j).  316,  1901. 

Ma.shonaland. 

9.  Stegomyia  punctolateralis.  Theobald,  Entomologist,  36,  p.  156,  1903. 

(,)ueensland. 

10.  Stegomyia  signifer.  Cocpiillett,  CVamd.  £?ifo.  xxviii.  p.  43,  1896.  North 

America. 

11.  Stegomyia  amesii.  Ludlow, /oarji.  X.  York  Ent.  Soc.  p.  139,  1903. 

Philippine  Islands. 

12.  Stegomyia  AV-alba.  Theobald,  Ann.  Mas.  Xat.  Hung.  iii.  i>.  74,  1905. 

Imiia. 

13.  Stegomyia  pseiulonivea.  Theobald,  idem,  p.  75.  Singajjore. 

14.  Stegomyia  simpsonii.  Theobald,  Entomologist,  38,  p.  224,  1905. 

Transvaal. 

15.  Stegomyia  powerii.  Theobald,  </o ilro.  i.  p.  19,  1905.  Natal. 

16.  Stegomyia  annulisostris.  Theobald,  Journ.  Bomb.  Xat.  Hist.  Soc.  xvi. 

p.  239,  1905.  Ceylon. 

17.  Stegomyia  mediopunctata.  Theobald,  p.  240.  Ceylon. 

18.  Stegomyia  (1)  brevipalpis.  Gile.s,  Handhk.  Gnats,  2nd  ed.  p.  384. 

N.AV.  Province.s,  India. 

There  are  many  genera  closely  allied  to  Stegomyia  and  at  one  time 
included  in  it,  such  as  Skusea,  Macleaya,  Scutomyiu,  etc.,  but  although 
often  abundant  species  are  found  they  do  not  call  for  any  s])ecial  com- 
ment. The  reader  is  referred  to  works  on  the  Culicidtc  for  full  details. 

Genus  Culex  Linnmus. — Formerly  all  mosquitoes  with  long  male 
palps  and  short  female  palps  were  included  in  this  genus.  A large 
number  have  been  excluded  recently  on  the  grounds  of  their  totally 
different  scale-structure  and  haluts.  Separated  on  scale-structure  alone, 
many  of  the  different  genera  have  been  found  to  have  different  ova, 
larva?,  pupa?,  and  habits  (Stegomyia,  Scutomyia,  Mucidus,  Desvoidea, 
etc.).  Yet  there  still  remain  many  species  in  Culex  that  will  have  to  be 
excluded  on  further  study. 

At  present  about  two  hundred  and  fifty  species  arc  placed  in  Culex. 
Quite  half  of  these  must  be  removed,  and  the  genus  retained  for  those 
species  oidy  that  are  related  to  Culex  pipiens  Linmeus,  u})on  udiich  tlio 
genus  Avas  founded.  The  characters  of  true  Culex  are  as  follows  : — 

Head  clothed  with  narrow-curved  scales  above,  fiat  ones  at  the  sides 
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and  with  upright-forked  scales ; the  male  palpi  are  long  and  end  acumin- 
ately,  those  of  the  female  are  short ; the  thoracic  scpiamce  are  all  either 
narrow-curved  scales,  or  hair-like  curved  scales,  there  being  no  Hat  scales 
except  on  the  pleura3.  The  fork-cells  are  moderately  long,  and  the  lateral 
vviu-scales  are  linear.  The  male  genitalia  have  a leaf-like  lateral  process. 
One  only  has  ornamented  wings  {Culex.  mimeticus  Noe)  Avhich  resembles  a 
Myzomyia  in  general  appearance.  The  genus  is  world-wide.  Some  are 
purely  sylvan,  others  entirely  domesticated.  The  sylvan  species  lay  their 
eggs  in  pools,  streams,  crab  holes,  now  and  again  in  tubs  and  barrels, 
whilst  the  domestic  forms  breed  close  to  and  in  man’s  habitations.  Not 
many  species  of  true  Culex  are,  hoAvever,  domesticated.  The  most 
im])ortant  species  medically  are  the  following  : — 

(1)  The  Tropical  Household  Broion  Mosiputo — Culex  fatigaiis  Wiedemann. 
— -Like  Stegomi/ia  fasciata  this  gnat  has  a very  wide  distribution.  It 
varies  very  much  in  size  and  colour,  and  in  the  relative  lengths  of  the 
fork-cells  of  the  wings.  There  are  several  closely  related  species,  but 
they  can  easily  be  distinguished  by  the  shape  of  the  thoracic  scale.s,  by 
the  thoracic  and  abdominal  ornamentation,  the  leg-banding,  and  the 
ungues  and  male  genitalia. 

Tlie  typical  Culex  fatigans  has  a more  or  less  uniforml}'’  scaled  thorax, 
the  scales  being  various  shades  of  golden  and  golden-l)rown.  Two  more 
or  less  distinct  dark  parallel  median  lines  are  noticeable  on  the  mesonotum, 
and  the  abdomen,  which  is  deep  brown  and  clothed  with  brown  scales, 
has  either  creamy  or  creamy-white  basal  bands  to  all  the  segments  and 
in  addition  basal  white  lateral  spots.  The  legs  are  uniformly  brown,  the 
female  ungues  equal  and  simple,  the  fore  and  mid  male  ungues  vinequal, 
and  both  uniserrate,  whilst  the  hind  are  equal  and  simple.  The  wings 
have  uniform  brown  linear  lateral  scales,  the  first  fork-cell  is  always 
longer  than  the  second,  its  stem  variable  in  length,  but  never  as  short  as 
one-fourth  the  length  of  the  cell. 

The  females  lay  their  eggs  in  masses  or  rafts  in  rain-water  barrels, 
tubs,  tins,  cisterns  indoors,  even  in  water-jugs  and  almost  any  artificial 
receptacles ; they  also  place  them  in  irrigation  canals,  fountains,  cess])ools 
and  wells  near  houses.  As  many  as  two  to  four  hundred  eggs  are  laid 
in  each  I'aft,  and  they  may  take  from  sixteen  to  twenty-four  hours  to 
hatcli.  The  larvre  have  a moderately  long  siphon,  and  may  mature  in 
six  or  seven  days  in  warm  climates.  They  feed  oft'  algm  and  water-plants, 
and  fre(piently  come  to  the  surface  to  breathe.  The  pupal  stage  lasts 
from  twenty  to  fifty  hours.  Man}"  generations  may  occur  in  a year  in 
tropical  climates  and  two  oi’  three  in  subtropical  regions. 

The  distribution  of  Culex  fatigans  is  very  similar  to  that  of  Stegomyia 
fasciata  ; the  following  are  recorded  localities  : — 

Europe. — Soutli  Italy,  Portugal.  Spain,  probably  all  Southern  Europe; 
the  Mediterranean  Islands.  Asia. — Apparently  widely  distriljuted. 

Africa. — General.  North  America. — Up  to  New  York  State.  Souih 
America. — Brazils,  Argentine,  Chile,  Peru.  JFest  Indies. — In  all  the 
islands.  Atistralia. — Abundant  along  the  littoral,  spreading  inland. 
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Most  Oceanic  Maiuls.  Koughly,  it  occurs  between  40°  on  each  side  of 
the  equator,  and  to  a slight  extent  just  outside  this  limit.  None  have 
been  found  in  Northern  Europe  or  in  Canada.  In  northern  latitudes  the 
species  is  represented  by  Culcx  j)ij)ic7is  Linn.,  and  Citlex  niejripes 
Zetterstedt.  The  means  of  dispersal  ai'e,  as  in  the  case  of  Stegomyia,  by 
boats  and  trains.  It  was  noticed  l»y  Skuse  that  Culex  ciliaris  (i.e. 
fatigans)  advanced  into  Australia  with  the  railways.  It  is  well  known 
that  it  is  a passenger  on  board  ship.  The  jircgnant  female  can  I’cmain 
alive  for  some  months,  and  so  may  land  hundreds  of  miles  away  from  its 
original  home  and  start  a colony. 

It  is  Culex  fatigans  that  is  the  main  intermediate  host  of  Filuria 
bancrofti,  etc.,  and  it  also  is  the  sitpposed  distril)uter  of  dengue. 

Ike  Northern  Household  Brown  Chdex. — Ctdex  pipiens  Linnaeus  is  very 
closely  related,  but  is  usually  larger,  and  can  at  once  be  told  by  the  stem 
of  the  first  I'ork-cell  being  rerg  small  and  constant  in  length,  never  more 
than  one-fifth  the  length  of  the  cell.  The  larva  has  also  a much  longer 
siphon  than  in  C.  fatigans. 

Culex  pqnens  is  also  a household  species.  It  breeds  in  similar  places 
to  the  former,  but  unlike  it,  it  is  not  alwaj^s  a Idood-sucker  in  all 
localities.  At  certain  seasons,  in  certain  areas,  it  is  very  vicious,  iu 
other  seasons  or  other  areas  it  will  not  bite  man  at  all.  It  Avill  feed 
upon  other  insects,  fruit,  nectar  of  shallow  flowers.  The  adult  females 
(impregnated)  hibernate  in  cellars,  outhouses,  and  anj'  dark  corners. 

Culex  pipiens  occurs  over  most  of  Europe,  especially  the  northeiai 
countries ; it  is  found  in  Egypt,  Algeria,  Morocco,  Madeira,  Tenerifl'e, 
the  northern  United  States,  Canada,  and  recently  it  has  been  found  in 
Cape  Colonjq  doubtless  carried  in  transports  during  the  Boer  AVar,  with 
Theohaldia  spathipalpis. 

Genus  T/ENIORHYNCHUS  Arribalzaga. — The  only  point  of  importance 
so  far  proved  about  this  marked  genus,  which  is  frequently  mentioned  in 
works  on  mosquitoes  and  disease,  is  that  m.any  are  vicious  biters.  The 
genus  is  very  distinct,  being  easily  separated  from  the  last  by  the  wing- 
scales  being  Iwoadly  elongated  with  truncated  or  semi-acute  apex,  and 
either  of  modei’ate  length  or  very  long ; the  wing-scales  are  always  dense. 
There  are  two  Avell-marked  groups  in  the  genus  (1)  in  which  the  scales 
are  brown  and  white  or  yellow,  giving  the  wings  a mottled  appearance, 
and  (2)  the  other  in  which  they  are  mostly  yellow,  or  rarely  brown  and 
large,  and  the  whole  insect  of  large  dimensions  (J\  anrites,  etc.).  The 
ova  of  the  typical  Ticniorhynchus — T.  fasciolatus — are  deposited  in  long 
strips  side  by  side  as  in  (yulex,  and  are  composed  of  a largo  elongated 
oval  area,  and  a small  round  apical  area.  These  ribbon-like  egg-masses 
are  very  characteristic.  On  the  other  hand,  the  yellow  group  of 
Tseniorhynchus  lay  eggs  as  seen  in  T.  fulvus  in  long  strips,  but  the  ova 
are  placed  diagonally  side  by  side,  forming  rough  diamond-shaped  areas 
along  the  egg-mass,  which  may  break  away  from  one  another  (Goeldi). 
This  is  aiiother  reason  for  separating  them.  (Becently  Goeldi  has  formed 
the  genus  Chrysoconops  for  them.) 
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The  sijjhon  in  true  Tceuiorhyncbus  larvce  is  siinilar  to  Mansoiiia,  that 
is,  it  is  swollen  basally,  and  much  contracted  apically,  and  very  short. 
Species  occur  in  South  America,  Europe  (one),  and  Afi'ica,  and  several  of 
the  yellow  group  ((iutUcs  Theobald,  fuscopemuitus  Theobald)  in  Africa,  also 
a closely  retated  yellow  form  (fulvua  AViedemann)  in  South  America,  and 
others  {bresiccllulus  Theobald)  in  Asia,  and  in  Australia  (ciccr  AA  alker). 

The  only  other  Culicine  genus  of  possible  medical  importance  in  con- 
nexion with  disease  is  the  following : — 

Genus  Acartomyia  Theobald. — This  genus  represented  at  present 
by  a single  species  is  relateil  to  GrabJuimia,  but  differs  in  the  head  scale- 
structure.  The  head  is  clothed  with  irregularly  disposed  flat  scales  with 
patches  of  narrow-curved  ones,  and  numerous  upright-forked  scales,  giving 
the  head  a ragged  appearance.  Otherwise  the  characters  are  much  as  in 
Grabharnia.  The  larvfe  have  short  thick  siphons,  and  are  found  in  the 
salt-pans  along  the  shore  at  Alalta,  especially  in  fever  areas  (Malta 
Fever).  They  are  very  vicious  biters. 

The  single  sj^ecies  is  Acartomyia  zammittii  Theobald,  and  so  far  has 
been  found  only  in  Malta  (vide  Mo7W.  Cnlic.  iii.  p.  201,  1903). 

Heptaphlebomyin.® 

The  general  notion  amongst  medical  men  is  that  a true  mosquito  can 
be  recognised  by  its  six-veined  wings.  This,  however,  is  not  an  absol- 
utely reliable  guide,  because  three  species  are  at  present  described  in  which 
a definite  seventh -scaled  vein  occurs.  Otherwise,  the  species  much 
resemlde  Culex.  They  bite  viciously  in  Madagascar,  where  three  species 
occur  {Heptaphlebomyia  argenteopunctata,  and  H.  monfmii  A^entrillon,  and 
another).  One  species  is  also  abundant  in  AA’est  Africa  {II.  Antplex 
Theobald). 

Aedin^e 

Amongst  the  thirteen  genera  of  Aedime  only  one  need  l)e  mentioned, 
namely,  Uramtcmia.  A few  of  the  others  are  very  vicious  biters  as 
far  as  we  know  at  present.  Tlie  genus  Deinocerites  Theobald  is  limited 
to  the  \A^est  Indies ; the  larvm  live  in  crab-holes,  and  the  adults  are 
peculiar  in  that  the  second  segment  of  the  antennae  is  ver}^  long. 

Genus  Ur.vnot.enia  Arribalzaga.  These  are  all  very  small  mos- 
quitoes, about  2 mm.  long.  The  head  is  clothed  with  flat  scales  and  so 
is  the  scutellum,  but  the  easiest  diagnostic  feature  is  the  extremely  small 
first  fork-cell. 

Some  seventeen  species  are  known,  of  which  eight  occur  in  South 
America  and  the  AA^est  Indies,  three  in  the  East  Indies  and  Malay,  four 
in  Afi'ica,  and  one  in  Australia. 

The  adults  bite  dui'ing  the  day  in  grassy  places  and  near  where  they 
l)reed ; none  are  known  to  be  domesticated.  The  larvae  occur  in  pools 
and  small  water-holes,  and  have  very  short  siphons,  coming  thus  between 
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the  Aiiopheliiub  and  the  Ciilicina) ; they  lie  to  some  extent  in  Anopheline 
fashion  at  tlie  surface,  but  somewhat  obliquely.  Some  are  coloured  red, 
blue,  and  green  {U.  ijeomdnca  Lutz,  ete.),  others  black  {U.  louni  Theobald) 
or  opaque  creamy  white  {U.  pulcherrima  Arribalzaga).  The  adults  have 
fret[uently  beautiful  coloured  scales  on  the  thorax  and  abdomen,  and 
usually  a brilliant  line  of  scales  on  the  base  of  the  wing.  Possibly  some 
marsh  fevers  may  be  traced  to  them,  as  several  ai’e  very  vicious  and 
])ersistent  biters. 

Amongst  the  Metanototriclia;  there  are  no  forms  of  especial  medical 
interest,  as  far  as  is  known  at  present. 

The  section  is  separated  by  the  character  of  the  metanotum,  which  in 
all  other  Culicida!  is  nude,  whilst  in  this  section  it  has  either  scales 
(usually  Hat  ones)  or  distinct  cluetaj  upon  it  (Fig.  97,  A and  />').  This 
at  once  separates  them  from  the  other  mosquitoes.  In  some  this  extra 
scaly  nature  gives  a brilliant  coloration,  and  even  the  chsetse  give  the 
gnat  a veiy  distinct  appearance  There  are  two  groups  of  them,  according 
to  Lutz’s  classification,  (a)  the  Hyloconopinte,  in  Avhich  the  males  have 


Fig.  fi7.— Scutella  ami  .Aletanota  of  U ami  L‘,  .Metanototriclia;;  C,  of  Metanotopsiia'. 

long  palpi  and  the  female  short,  and  (i)  the  Dendromyinte,  in  Avhich  the 
piilpi  arc  short  in  both  sexes. 

All  known  species  and  genera  of  the  former  group  occur  in  the  West 
Indies  and  in  South  America.  They  are  usually  brilliantly  coloured,  and 
:ire  all  sylvan  in  habits. 

The  Dendromyinaj  contain  one  A'ery  quaint  genus — Sabethes  Desvoidy, 
in  which  the  tarsi  of  one  or  more  pairs  of  the  legs  have  the  scales  greatly 
elongated,  forming  distinct  paddle-like  ai'eas.  The  males  and  females  arc 
exactly  alike  except  for  genitalia  and  ungues.  These  large  quaint 
Stihdhes,  are  avoocI -mosquitoes,  but  they  inA^ade  tents  and  native  huts,  and 
bite  quite  viciously. 

•The  other  genera — JFyeomyia  Theobald,  Phoniomyia  Theobald,  Pen- 
dromyia  Theobald — are  small  sylvan  mosquitoes,  Avhich  are  often  veiy 
annoying  to  travellers  in  the  South  American  forests.  The  last  genus 
is  found  in  North  America  (D.  .wiithii  Coquillett),  the  first  in  the  est 
Indies  {IF.  qrayii  Theobald,  and  IF.  perlimins  Williston),  and  in  Ceylon 
{IF.  greenii  Theobald).  They  occui-  in  hill  Avoods  and  forests,  and  bite  very 
A'iciously  ; noAv  and  then  they  come  near  habitations.  W hen  at  rest  they 
throAv  their  hind  legs  right  forAA^ard  over  their  head. 

The  larvte  of  D.  Coquillett,  live  and  pass  the  Avinter  in  pitcher- 

plants.  They  are  not  affected  by  repeated  freezing  and  thaAving. 
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The  eggs  are  laid  on  leaves  singly  or  in  small  groups,  fastened  to  the 
side  or  floating  on  the  surface.  In  the  late  season  the  adults  lay  their 
eggs  on  new  leaves,  even  if  they  are  dry. 

The  genus  Phoniomi/la  occurs  in  South  America  and  West  Indies 
{P.  longirostris  Theobald)  and  in  New  Guinea  {P.  bimaculipes  Theobald) 
and  in  India  {P.  idica  Theobald).  It  can  at  once  be  separated  from  the 
Wyeomyias  by  the  very  long  proboscis. 

The  Dendromyias  occur  in  South  America  and  West  Indies ; they 
differ  from  the  Wyeomyias  in  having  the  wing-scales  large  and  broad 
instead  of  linear. 

Many  of  these  so-called  wood-mosquitoes  breed  in  bromelias  in  Brazil, 
and  are  a great  nuisance  in  the  forests  and  swamps. 

The  genus  LiM.vrus  Theobald  is  very  peculiar,  in  that  the  proboscis 
is  sharply  elbowed.  One  species  only  occurs  which  bites  viciously  iii 
South  America.  The  larvre  figured  by  Goeldi  have  a short  siphon, 
gradually  swelling  basally. 

The  “ Phantom  Larvae  ” Gnats  (Corethrinee)  do  not  bite,  and  although 
previously  included  in  the  Culicidae  they  are  best  separated,  as  they  have 
no  long  piercing  proboscis. 

Fred.  V.  Theobald. 


REFERENCES 

A few  of  the  chief  works  on  Culicidiu. 

1.  AiuubAlz.vga,  F.  L.  Di2Hcrologm  Argentina  — 2.  Blanchard, 

R.  Lcs  Moustiqucs.  Paris,  1905.  — 3.  Buurroul,  G.,  and  Lutz,  A.  “ Mosquitos  do 
Brasil”  {Fac.  d.  Med.  d.  Bahia).  Bahia,  1904. — 4.  Christopher.s,  S.  R.  Proe.  Roy. 
Soc.  .Tuly  6,  1900. — 5.  Cropper,  J.  “Geographical  Distribution  of  Anopheles  and 
Malarial  Fever  in  Upper  Palestine,”  Journ.  Hyg.  II.  No.  1,  1902.— 6.  Daniels  and 
Leicester.  “Culicidie  and  Notes  on  Culicidfe  in  Malay,”  Inst.  Med.  Research, 
1906. — 7.  Felt,  E.  P.  “ Mosquitoes  or  Culicidfe  of  New  York  State,”  Bull.  323,  M.  1". 
State  Mas.  1904. — 8.  Ficalbi,  E.  “ Venti  specie  di  Zanzare  italiane,”  d.  Soc.  cut. 
ital.  \Kxi.  1899.  Firenzi. — 9.  fiii.Es,  6.  M.  Handbook  of  the  Gnats  or  Mosquitoes, 
ed.  ii. — 10.^  Goeldi,  E.  A.  “Os  Mosquitos  no  Para,”  jMein.  d.  Mus.  Goeldi,  iv. 
Brazil,  1905. — 11.  Howard,  L.  0.  Mosquitoes:  how  they  carry  disease  ; It o^o  they  are 
classified]  how  they  are  destroyed.  New  York , 1901. — 12.  K.alm.an,  KERTksE.  Magy. 

7s?ft.  (Culicidfe,  Hungary),  1904. — 13.  Leice.ster.  Vide  Daniels — 14. 
Lutz,  A.,  and  Bourroul,  C.  Vide  Bourroul. — 15.  Macgreoor,  Sui  IV.  Journ. 
Tro]).  Med.  1900,  Oct.  p.  68. — 16.  Nuttall  find  Shipley.  Jour.  Hyg.  vol.  i.  p.  51, 
1901.— 17.  Idem,  vol.  iii.  j>.  166,  1903.— IS.  Skuse,  F.  A.  A.  “ Culicidfe.  of  Australia,” 
Proc.  lAnn.  Soc.  N.S.  JV.  2nd  Ser.  iii.  Sydney,  1889. — 19.  Smith,  J.  B.  Mosquitoes. 
Rept.  N.  .ler.sey  State  Agri.  E\-p.  Sta.  1904.— 20.  Theobald,  F.  Y.  A Monograqdi  of 
the  Culicidee  of  the  JVorld,  vol.  i.  and  ii.  (1901),  vol.  iii.  (1903),  vol.  iv.  (1906),  and 
atlas  of  57  idates.— 21.  Idem.  Genera  Insectorum  (Fani.  Culicidfe).  Brussels,  1905. 
—22.  Idem.  M'ellcome  Laboratories,  Gordon  College,  Khartoum,  First  and  Second 
Reports,  1906  and  1906. — 23.  Idem,  “New  Culicidfe  from  India,  Africa,  British 
Guiana,  and  Australia,”  Journ.  Econom.  Biol.  \.  ]tp.  17  to  36  4-2  plates  (1905).— 24. 
Idem.  ^ “Some  New  Mosquitoes  from  Ceylon,”  Joimi.  Bombay  Nat.  Hist.  Soc.  xvi. 
pp.  237  to  250  (1905).— 25.  Idem.  “Catalogue  of  Culicidfe  in  the  National  Museum  of 
Hungary,”  Mail.  Mas.  Nat.  Hungarici,  iii.  pp.  61  to  120  + 4 plates  (1905).— 26.  Idem 
and  fTRABHAiu.  The  Mosquitoes  or  Culicidee  of  Jamaica,  pp.  40  (lOOSL 


F.  V.  T. 


BLOODSUCKING  AND  OTHER  FLIES 


169 


BLOOD-SUCKING  AND  OTHER  FLIES  KNOWN  OR  LIKELY 
TO  BE  CONCERNED  IN  THE  SPREAD  OF  DISEASE 

By  Euxe.st  E.  Ax’stex,  E.Z.S. 

The  creatures  with  which  xve  are  concerned  in  this  article  are  members 
of  the  Order  Diptera,  or  ^wo-winged  hies,  which  may  briefly  be  defined 
as  insects  with  Imt  one  pair  of  wings,  a thorax  coalesced  into  a single 
mass,  and  mouth-parts  adapted  foi‘  piercing  and  sucking,  or  for  suction 
alone.  The  preliminary  stages  (larva  and  pujja)  are  in  outward  form 
altogether  dissimilar  to  the  adults,  and,  as  in  all  other  insects,  the  jieriod 
of  firoirih  is  confined  to  the  larval  stage.  The  latter  fact  is  worthy  of 
note,  since  many  people  appear  to  lie  under  the  impression  that  hies 
grow,  and  to  believe,  when  they  see  a hy  apparently  belonging  to  a species 
with  which  they  are  acquainted,  but  of  subnormal  size,  that  it  is  a 
“ young  ” specimen.  It  cannot,  therefore,  be  insisted  upon  too  strongly 
that  a hy  on  emerging  from  its  pupa-case  has  attained  its  full  dimen- 
sions, and  that,  thenceforth,  apart  from  the  expansion  of  the  tissues  that 
takes  ])lace  shortly  after  leaving  the  puparium,  and  a possible  subsequent 
distention  of  the  abdomen  due  to  the  ingestion  of  food  (as  in  many 
blood-sucking  hies),  or  the  development  of  ova  in  the  females,  any  increase  of 
bulk  is  oxxt  of  the  question.  Consequently,  on  meeting  xvith  what  apjiears 
to  be  a diminutive  specimen  of  a known  species,  it  is  safe  to  conclude, 
either  that  the  smallness  of  size  is  due  to  local  or  individual  variation,  in 
the  latter  case  usually  the  result  of  a shortage  of  food  in  the  larval  state, 
or  else  that  the  insect  belongs  to  a distinct  species. 

Flies  that  are  already  known  to  be  disseminators  of  disease,  or  that 
may  sooner  or  later  prove  to  be  so,  are  either  blood-sucking  forms,  or 
species  which,  while  incapable  of  sucking  blood,  may  sometimes  act  as 
mechanical  living  vehicles  of  infective  matter.  The  species  falling 
Avithin  the  latter  category  will  be  dealt  with  shortly  in  the  concluding 
portion  of  this  article  ; our  immediate  concern  is  with  the  blood-sucking 
forms. 


Blood-Sucking  Flies 

.\mong  Diptera  as  a whole  the  habit  of  feeding  upon  the  blood  of 
Avarm-blooded  animals  is  highly  exceptional,  although  in  two  families 
(Simulidae  and  Tabanidte)  it  is  universal  in  the  female  sex,  with  the 
possible  exception  of  certain  species  of  Pangonia.  Apart  from  the  Gnats 
or  Mosquitoes  (Culicidse)  [vide  Article,  p.  122],  with  Avhich  we  are  not  here 
concerned,  blood-sucking  species  of  flies  occur,  so  far  as  is  knoAvn  at 
present,  only  in  the  folloAving  families  : — Chironomidae  (midges),  Simulida; 
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(s;ind-Hies),  Psychodidse,  Tabanidie  (liorse-Hies,  serut-flies,  etc.),  LeptidiB, 
Muscida3  (tsetse-dies,  etc.),  and  Hippoboscidfe.^  For  the  special  purposes 
of  this  work  it  is  unnecessary  to  consider  any  flies  but  those  that 
regularl}'  suck  human  blood  as  often  as  they  have  the  opportunity,  or  in 
which  the  blood-sucking  habit,  as  affecting  human  beings,  is  sufficiently 
marked  to  have  attracted  the  attention  of  observers.  Consequently  we 
may  .safely  ignore  the  Hijipolioscidm,  which  are  normally  parasitic  upon 
mammals  and  birds,  and  oidy  occasionally  stray  on  to  human  beings. 
I'he  reddish-brown,  horny  flies  of  the  genus  llippvhosca  are  parasites  of 
horses,  donkeys,  camels,  cattle,  and  dogs,  and  few  if  any  instances  have 
yet  been  recorded  of  their  having  bitten  man  ; but  in  passing  it  may  be 
worthy  of  note  that  in  the  Transvaal  Dr.  Theiler  has  succeeded  experi- 
mentally in  inoculating  cattle  with  Trypanosoma  theileri  by  means  of  the 
common  South  African  Hippobosca  nijqm  von  Offers. 

In  all  blood-sucking  flies  the  organs,  by  means  of  which  the  act  of 
sucking  blood  is  effected,  consist  of  a proboscis,  attached  to  the  under 
side  of  the  head,  with  which  the  wound  is  inflicted,  and  a muscular 
pharynx  contained  within  the  head,  by  means  of  which  the  blood  is 
pumped  into  the  insect’s  alimentary  canal.  In  the  blood-sucking  hluscidm 
(tsetse-Hies  and  their  allies)  the  proboscis  itself,  which  in  these  forms  is 
stiff  and  chitinous,  and  armed  with  a remarkable  scries  of  teeth  at  its 
exti'emity,  is  generally  regarded  as  the  piercing  organ.  In  the  case  of 
all  the  other  families  enumerated  above,  however,  the  actual  proboscis  or 
labium  is  soft  and  fleshy,  and  merely  serves  as  a sheath  to  contain  the 
piercing  chitinous  lancets,  'fhe  full  complement  of  the  latter,  as  seen  in 
a female  horse-fly^,  sand-fly,  or  midge,  and  taken  in  order  fi’om  above,  is 
as  follows : — an  unpaired  chitinous  plate,  termed  the  labrum,  or  labrum- 
epipharyn.x,  which  closes  in  the  basal  portion  of  the  tube  formed  by  the 
labium,  the  distal  portion  of  the  tube  being  constituted  by  the  labium 
itself ; a pair  of  Twoad  lancets,  or  mandibles,  armed  with  a minutely 
serrated  cutting  edge ; a pair  of  more  slender  lancets,  or  maxillae ; and 
lastly,  the  hypopharynx,  a median  unpaired  tube,  the  terminal  portion  of 
the  fused  ducts  of  the  two  salivary  glands,  whose  outlet  is  at  its 
extremity.  In  the  blood-sucking  Muscidae  the  mandibles  and  maxillae 
are  absent,  so  that  in  addition  to  the  proboscis,  or  labium,  we  find  only 
the  labrum  and  hypopharynx.  In  the  phlebotomic  IMuscidac  both  males 
and  females  suck  blood,  and  the  mouth-parts  in  both  sexes  are  alike  ; but 
in  the  case  of  all  the  other  families  Avith  which  Ave  are  here  concerned  the 
blood-sucking  habit  is  confined  to  the  female  sex,  and  the  mouth-j)arts  in 
the  males  are  much  reduced.  In  all  forms  a pair  of  maxillary  palpi  is 
attached  to  the  base  of  the  proboscis,  and  these  structures,  soft  and 
much  swollen  in  manv  horse-flies,  are  in  the  tsetse-flies  firm  and  riald, 

* Tlie  Blepharoceriilaj,  thougli  usually  included  among  the  families  of  Diptera  containing 
hlood-sucking  species,  are  here  omitted,  since  no  memher  of  this  family  has  actually  been 
observed  to  suck  blood.  In  the  case  of  the  siqiposed  phlebotomic  form,  the  Brazilian 
Cunipim  {l‘altosloma)  turrentiwn  F.  Miill.,  suspicion  at  present  simply  rests  upon  Fritz 
Miiller’s  statement  that  a certain  number  of  the  females  possess  mouth -parts  of  the 
blood-sucking  type. 
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forming  a protecting  sheatli  to  the  proboscis,  to  which  in  life  they  are 
applied  so  closely  as  to  conceal  it. 

In  the  act  of  sucking  blood,  the  secretion  of  the  salivary  or  poison- 
glands  is  discharged  into  the  Avound  from  the  orifice  at  the  tip  of  the 
hvpopharynx,  and  the  function  of  the  secretion  would  appear  to  be  to 
keep  the  blood  fluid  and  to  stinndate  its  flow.  Fiom  the  pharynx  of  the 
tl\'  the  blood  passes  into  a large,  thin -Availed  ci’op,  situated  in  the 
anterior  part  of  the  abdomen,  Avhence  it  is  regurgitated  by  sIoav  degrees, 
through  a A'alvular  organ,  knoAvn  as  the  proventriculus,  into  the  mid-gnt, 
Avhere  it  is  gradually  digested.  The  remarkable  discoA’ery,  published  in 
190-f,  that  an  African  Muscid,  Avhich  itself  is  incapable  of  sucking  blood,  has 
an  active  blood-suckinc:  larva  Avill  be  referrecl  to  in  treater  detail  on 
p.  184. 

Before  proceeding  to  give  a l>rief  account  of  Ifiood-sucking  flies, 
grouped  under  the  different  families,  such  as,  Avith  the  help  of  the 
figures,  Avill,  it  is  hoped,  enable  the  reader  to  form  a correct  idea  of  the 
affinities  and  probable  life-history  of  any  species  Avith  Avhich  he  may  come 
into  contact,  it  seems  advisable  to  devote  a feAv  moments  to  the  con- 
sideration of  the  present  state  of  our  knoAvledge  concerning  the  relation 
betAveen  these  insects  and  disease  in  man.  At  the  outset,  then,  it  must 
be  confessed  that  definite  knoAvledge  is  as  yet  very  limited,  and  that,  apart 
from  mosquitoes,  the  only  blood-sucking  flies  that  have  been  proved  to 
ilisseminate  disease  in  man  under  natural  conditions  are  the  tsetse-flies  of 
•the  species  known  as  Glossma  palpalis,  Avhich  has  been  sheAvn  by  the 
researches  of  Colonel  Bruce  and  others  to  convey  the  trypanosome  of  sleep- 
ing sickness  in  Uganda.  The  evidence,  such  as  it  is,  tending  to  sheAv 
that  any  biting-fly  may  occasionally  conA'ey  the  bacillus  of  such  a disease 
as  malignant  pustule  from  an  infected  animal  to  man  has,  Avith  much 
other  matter  bearing  upon  the  relation  betAveen  insects  and  ticks  and 
disease  in  human  beings,  been  Avell  summarised  in  Dr.  Nuttall’s  valuable 
memoir  published  in  1899  (1).  But  the  accidental  direct  transference  of 
Bacillus  anthmeis  or  any  other  pathogenetic  organism  is  veiy  difi'erent 
from  what  takes  place  in  the  case  of  malarial  fever,  yelloAV  fever,  or 
sleeping  sickness,  Avhere  certain  species  of  Diptera  have  become  the  hosts 
and  disseminators  of  certain  species  of  parasites.  Anything  beyond  this, 
hoAvever,  is,  so  far  as  our  present  knoAvledge  goes,  merely  a ^possibility, 
though  in  estimating  possibilities  Ave  cannot  fail  to  be  influenced  by 
recent  discoveries  relating  to  parasitic  diseases  of  domestic  animals, 
Avhich,  in  the  case  of  tiypanosomiases  at  any  rate,  are  caused  by 
hajmatozoa  congeneric  Avith  Trypanosoma  gambiense — the  parasite  of 
“ trypanosoma  fever  ” and  sleeping  sickness.  Thus,  in  November  1905, 
it  Avas  stated  by  Licut.-Colonel  Manders,  E.A.M.C.,  that  in  Mauritius 
surra  in  horses,  mules,  and  cattle,  Avhich  is  caused  by  2'rypanosoma  evansi, 
is  “almost  certainly  ” disseminated  by  a species  of  Siomorys  (2).  Surra 
is  stated  to  have  been  “ introduced  into  Mauritius  from  India  in 
1902-3  ” ; in  the  brief  space  of  time  that  has  since  elapsed  it  has  raA^aged 
the  island,  and  is  apparenth^  conveyed  by  the  bite  of  a local  blood- 
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sucking  Hy  of  the  genus  mentioned.  Tliis,  at  le<ast,  points  to  the  possi- 
bility that  some  species  of  Sloinoxys  may  be  a disease-carrier  in  the  case 
of  man  ; though  it  must  be  noted  that  in  Uganda  recent  attempts  by 
Captain  Greig,  I.M.S.,  and  Lieutenant  Gray,  R.A.M.C.,  to  infect  monkeys 
with  the  parasite  of  “ nagana  ” (tsetse-fly  disease  of  animals),  and  with 
another  species  of  Trypanosoma,  by  means  of  a species  of  Stomoxys  common 
in  Uganda  proved  negative  (3),  as  did  previous  experiments  by  other 
memV)ers  of  the  Sleejung  Sickness  Commission  with  tlie  parasite  of 
sleeping  sickness  and  the  same  fly.  It  is  believed  by  Dr.  Emile  Brumpt, 
who  is  entitled  to  speak  with  some  authority  upon  the  subject,  that 
Trypanosoma  brucei,  the  parasite  of  nagana,  which  in  Zululand  and  other 
parts  of  Africa  is  disseminated  by  Glossina  morsitans  and  Glossina  palliclipes, 
is  carried  in  addition  by  at  least  three  other  species  of  tsetse-flies ; and  in 
Uganda,  Greig  and  Gray  (3)  have  proved  that  this  parasite,  as  also  a third 
species  of  trypanosome,  can  be  conveyed  by  Gl.  yjcilpalis,  the  disseminator 
of  sleeping  sickness.  In  1904  Brumpt’s  studies  led  him  to  believe  that 
sleeping  sickness  may  also  be  transmitted  by  several  species  of  Glossina  (4). 
Should  this  supposition,  which  is  shared  by  Greig  and  Gray,  prove  to  be 
well  founded,  it  would  obviously  be  dangerous  to  allow  cases  of  sleejhng 
sickness  to  be  introduced  into  any  part  of  Africa  previously  free  from 
the  disease,  but  infested  by  any  species  of  tsetse-fly. 

Returning  for  a moment  to  Stomoxys,  we  may  note  that  Noe  has  shewn 
that  Filaria  lahiato-papillosa,  of  the  ox,  develops  in  the  muscles  of  the  head 
of  the  common  European  Stomoxys  calcitrans,  and  is  ti’ansmitted  by  the  fly 
(5).  Both  in  the  case  of  Stomoxys  a,m\  in  that  of  blood-sucking  flies  other 
than  Muscidre,  it  is  highly  desirable  that  an  exhaustive  series  of  experi- 
ments should  be  undertaken  in  all  parts  of  the  world,  for  the  purpose  of 
determining  whether  any  species  acts  as  the  carrier  of  disease  from  man 
to  man  under  natural  comditions,  and  not  merely  when  the  proboscis  of  the 
fly  is  used  experimentally  as  an  “inoculating  needle.” 

Turning  now  to  the  flies  themselves,  and  taking  the  families  men- 
tioned above  in  systematic  order,  Ave  commence  with  the  Chironomidae  or 
Midges.  Midges  abound  in  most  parts  of  the  globe,  but  the  l)lood-suck- 
ing  species  are  confined  to  the  genus  Ceratopoyon,  and  a few  small  genera 
closely  allied  thereto.  Even  in  Ceratopogon,  Avhich  is  universally  dis- 
tributed, and  at  present  includes  more  than  a luindred  described  species, 
the  blood-sucking  habit  is  exceptional.  Although  exceedingly  minute, 
for  the  females  are  seldom  more  than  or  2 mm.  in  length,  midges  are 
among  the  most  irritating  and  blood-thirsty  of  insects,  and,  since  the 
individuals  of  the  blood-sucking  species  usually  occur  in  swarms,  they 
frequently  constitute  a veritable  plague.  Their  very  smallness  renders 
them  additionally  formidable,  since  it  enables  them  to  pass  through  the 
meshes  of  an  ordinary  mosquito  net.  In  general  appearance  many 
tropical  species  of  midges  are  very  similar  to  the  common  European 
Ceratojwgon  pulicaris  Linn.  (Fig.  98),  which  is  often  a pest  in  many  parts 
of  the  British  Islands  in  early  summer.  Although  the  body  is  naturally 
dusky  in  colour,  the  abdomen  in  female  midges  often  appears  rosy  when 
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Fiu.  9S. — Ceratopogon  pulimris  Liima-us. 
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ilistemled  with  blood.  The  legs  are  sometimes  banded,  and  the  wings, 
which  in  the  resting  position  are  carried  flat,  closed  one  over  the  other 
like  the  blades  of  a pair  of  scissors,  are  hairy  in  many  species,  and  fre- 
(piently  mottled  with  brown.  The  larvin  of  the  naked-wigned  species  aie 
nsnally  aquatic,  and  live  among  algie  on 
the  surface  of  stagnant  water ; they  are 
wliitish  Avorm-like  creatures,  Avith  long 
narroAv  lieads.  In  the  case  of  the  hairy- 
Avinged  species,  the  larvae  are  generallv 
terrestrial,  and  are  found  in  decaying 
vegetable  matter  or  in  the  floAving  sap  of 
trees. 

The  midge  knoAvn  as  the  miruim  in 
the  neighbourhood  of  Para,  Brazil,  Avhich 
has  recently  been  described  by  Dr.  E.  A. 
tioeldi  (6)  under  the  name  Hcemuto- 
myidium  paraense,  is  a true  Ceratopogon,  perhaps  identical  Avith  C. 
phlebotomus  Will.,  of  St.  Vincent,  W.I.  According  to  Dr.  Goeldi,  the 
■miruim,  tiie  female  of  Avhich  is  rather  less  than  2 mm.  in  length, 
iiiA'ades  houses,  and  is  a most  troublesome  blood-sucker;  its  bite  is 
painful,  and  a fairly  large  circular  inflamed  zone  always  develops  round 
the  punctured  spot.  The  species  is  diurnal,  and  bites  at  any  hour, 
though  usually  most  abundant  at  the  time  of  Ioav  tide ; from  the  latter 
fact  it  Avould  appear  probable  that  the  mmdm  breeds  on  the  shores 
of  the  Para  River,  perhaps  in  the  pools  of  brackish  AAvater  left  exposed 
when  the  tide  goes  doAvn.  Of  another  species  of  Ceratopogon,  common  in 
many  ])arts  of  Uganda,  Dr.  Christy  Avrites  that  it  “ bites  terribly,  leaving 
an  irritating  Avheal,  Avhich  itches  for  clays.  It  makes  a sharp,  short, 
peeAush  buzz  Avhen  settling,  fully  as  loud  as  a mosquito.  It  attacks  the 
Avrists  chiefly,  but  is  able  to  pass  beneath  a sheet,  and  bite  the  ankles  and 
feet.  Many  AA^ere  frequentl}'^  found  full  of  blood  on  turning  doAvn  the 
bedclothes.  I have  met  Avith  a similar  fly,  Avith  the  same  habits,  at 
Ahmednuggar  (Bombay  Presidency),  India”  (7). 

The  blood-sucking  midge  knoAvn  in  Cuba  as  the  jejen  Avas  described 
by  I’oey  in  1853  under  the  name  Oecacta  furens.  It  does  not  exceed 
2 mm.  in  length,  and  is  broAvnish-black  in  colour,  Avith  reddish  antenna?, 
Avhite  legs  banded  Avith  brown,  and  mottled  Avings.  In  Cuba,  Avhere  it 
is  chiefly  confined  to  Avooded  and  shady  spots  at  the  mouths  of  rivers 
and  in  the  vicinity  of  the  sea,  t\\Q  jejen  is  said  to  be  a scourge  of  man  and 
animals,  its  small  size  enabling  it  to  enter  the  eyes  and  nostrils.  Accor  d- 
ing to  Ellis  (8),  the  species  has  also  been  found  itt  Jamaica,  dur-ing  the 
month  of  NoA'cmber,  in  numbers  on  the  sea-beach  of  the  Palisadocs,  “a 
sandy  strip  of  land  sepai'ating  Kingstorr  harlrour-  from  the  Caribbean  Sea.” 

Simulidse. — (Irr  India  called  “ Fipsa”  or  “Pobi”  flies;  “ Bridots”  of 
the  French  Carradian  trappers  in  British  Columbia;  irr  the  United  States 
knoAvn  as  black  flies,  buftalo-gnats,  arrd  turkey -gnats.)  This  family 
consists  of  the  siitgle  genus  Sinmlium,  comprising  at  pr-esertt  some  seventy 
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described  species,  a certain  number  of  which,  however,  are  doubtless 
synonyms.  The  species  are  extremely  difficult  to  distinguish  one  from 
another,  so  much  so  that  even  the  number  of  British  species  is  as  yet 
completely  uncertain ; in  general  appearance  there  is  usually  a bewilder- 
ing similarity,  coupled  with  a marked  deficiency  of  good  structural 
characters.  This  is  especially  true  of  the  females,  which,  being  the 
blood-suckers,  are  most  commonly  captured  ; moreover,  characters  derived 
from  the  females  alone  are  iirsufficient  for  the  distinction  of  species  in  this 
genus,  in  which  there  is  considerable  sexual  dimorphism,  as  well  as  a 
marked  difference  in  habits  between  the  sexes.  The  genus  Simulium  is 
universally  distributed,  and  besides  being  abundant  in  the  tropics  the 
Hies  occur  in  myriads  in  the  temperate  and  colder  regions  of  the  earth, 
even  so  far  south  as  Tierra  del  Fuego.  The  females  are  excessively 
greedy  of  blood,  and,  besides  persecuting  human  beings,  those  of  certain 
species  are  greatly  dreaded  for  their  attacks  on  stock.  In  appear- 
ance they  are  small  black  or  greyish  flies,  sometimes  orange-coloured  or 
with  a yellowish  base  to  the  abdomen,  varying  in  length  from  H to  4 
mm.  according  to  the  species,  with  a humjied  thorax,  short,  straight 
anteunoe,  delicate  iridescent  wings,  stout  legs,  and  a short  and  incon- 
spicuous, albeit  exceedingly  serviceable,  proboscis.  The  males  are  usually 
darker  than  the  females,  and  frequently  exhibit  silvery  markings  upon 
the  thorax. 

The  preliminary  stages  are  passed  in  running  water,  close  to  the 
edge  of  which  the  eggs  are  deposited  on  stones  or  jdants  in  a compact 
layer  or  gelatinous  mass.  The  larva,  which  in  shape  somewhat  resembles 
a tiny  contracted  leech,  though  capable  of  crawling  in  a looping  fashion, 
is  usually  to  be  found  in  a more  or  less  erect  position  attached  by  a 
posterior  sucker  to  the  stem  of  a water-plant,  stone,  or  other  object 
beneath  the  surface.  When  full-grown  the  larva  spins  a silken  cocoon, 
within  which  the  change  to  the  pupal  state  is  effected,  and  in  which  the 
pupa  remains  motionless,  until,  after  the  lapse  of  about  a Aveek  in  tem- 
perate climates,  though  in  the  tropics  a shorter  period  possibly  suffices, 
the  back  of  the  thorax  splits  to  permit  tlie  escape  of  the  perfect  insect, 
which  ascends  to  the  surface  in  a bubble  of  air.  The  male  flies,  which 
are  incapable  of  sucking  blood,  frequently  swarm  and  dance  at  some 
height  above  the  ground. 

Although  no  attempt  has  yet  been  made  to  suggest  that  the  species 
of  this  genus  are  disease-carriers,  they  would  at  least  appear  to  be 
eminently  qualified  to  act  as  such  by  reason  of  their  pertinacity  as  blood- 
suckers and  almost  incredible  abundance  in  certain  localities ; Avhile  at 
any  rate  their  attacks  frequently  have  an  injurious  effect  upon  native 
populations,  as  well  as  upon  explorers  and  others  Avho  have  occasion  to 
peneti'ate  into  their  haunts.  Thus,  Avith  reference  to  Simulium  damno&nm 
Theobald,  a species  locally  known  to  the  natives  as  mlma,  a correspondent 
in  Uganda  lecently  stated  that  *ffits  bite  is  A'ery  poisonous  and  irrit- 
able, causing  large  SAvellings  Avhich  usually  end  in  sores.  Localities  Avhere 
this  Hy  is  present  are  very  sparsely  inhabited.”  Writing  of  this  species 
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alsit  Avith  reference  to  Uganda,  Ur.  Christy  (9)  says  that  it  occurs  in  a 

‘‘belt”  about  twelve  or  fifteen  miles  in  length,  by  three  or  four  miles  in 

width  on  tlie  right  baidc  of  the  Nile.  “ In  this  area  the  Hies  swarm  at 

certain  seasons  in  millions,”  and  become  such  a pest  that  the  natives  are 

forced  to  leave  their  plantations.  Dr.  Christy  further  states  that  “the 

bite  of  this  small  flv  is  a A'eiy  severe  one,  and  causes  a Avheal  which 

itches  intolerably,  and  is  marked  by  a large  drop  of  blood.”  Several 

species  of  Simulium  are  found  in  India,  where,  under  various  vernacular 

names,  they  are  well-known  pests.  Tlie  female  of  BiimiUmu  indicum 

Becher  (Fig.  99),  found  in  Assam,  is  3 mm.  in  length,  and  deej)  black, 

except  the  base  of  the  abdomen,  which  is  ymlloAv ; the  femora,  except  the 

tips,  are  more  or  less  yellowish,  the  tibioe  Avhite  on  the  basal  half,  and 

the  costal  margin  of  the  wing  is  rather  stout.  Of  this  s]>ecies  Major 

Hall,  I.M.S..  writes  that  it  “infests  the  foot-hills  of  the  Himalavas  in 

»/ 

North  Lakhimpur,  Assam,  where  the  Hies  are  locally  knoAvn  as  ‘Dam 
L)ims’;  they  have  a very  poisonous  bite,  and  interfere  a good  deal  with 


Fio.  99. — Simulium  iuiUcum  Becher.  $ x 10. 
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the  tea-coolies.  They  come  out  in  January,  and  continue  until  March 
and  April.”  Farther  to  the  ivest  along  the  Himalayas  the  local  species 
of  Simulium,  in  some  cases  certainly  distinct  from  S.  indicum,  are  knoAvn 
by  other  A'ernacular  names  such  as  UotCi,”  or  in  Sikkim  as  Pipsa,” 
designations  that  are  doubtless  applied  indiscriminately  to  more  than  one 
species.  Specimens  of  Simulium  recently  received  from  the  Kangra 
Valley  belong  to  two  different  species,  both  distinct  from  S.  indicum. 
Tlie  late  IMr.  Lionel  de  Niceville  gives  the  following  ob.servations  on 
“ Potu,”  from  information  supplied  by  (Mr.  Vincent  A.  IMackinnon  (10) : — 
“At  Mussooree  it  is  very  plentiful  in  the  spring,  but  small  numbers  can 
be  found  at  all  seasons.  In  the  western  Himalayvis  it  occurs  at  Mus- 
soorce,  Chaki’ata,  and  thence  northwards,  as  fai'  as  the  Niti  Valley,  neai- 
the  snows.  The  Balti  people  say  that  it  is  well  known  in  their  country 
(Baltistan).  It  is  found  both  in  foi-ests  and  in  open  gras.s-covercd  downs, 
and  at  all  elevations,  from  3000  to  10,000  feet.  At  the  latter  elevation 
Mr.  IMackinnon  Avas  once  so  badly'  bitten  that  he  ha<l  to  lie  up  from  the 
effects  for  tAvo  days.  The  effects  of  the  bite  vary  greatly'  in  different 
people ; to  some  it  causes  but  little  a}>parent  incoTivenience,  a small  black 
spot  only'  being  A'isible  Avhere  the  insect  has  bitten  ; in  other  people  it 
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causes  intense  irritation,  which,  when  the  itching  places  are  scratched, 
gives  rise  to  large  lumps  beneath  the  skin  ; these  may  be  some  days  before 
they  disappear.  . . . When  the  Chakrata-Saharanpur  road  was  being 
constructed,  numbers  of  the  workpeople  were  reported  as  having  died 
from  the  effects  of  the  bites.  In  the  western  Himalayas  the  Hy  is  called 
PoUi  in  Hindustani,  Fhisniari  in  Pehari,  and  Phisho  in  Balti.”  According 
to  Mr.  E.  C.  Cotes,  who  collected  notes  on  the  PotU  from  forest  otHcers 
in  the  north-west  Himalayas  (11),  “in  the  North-West  Provinces  it  is  said 
sometimes  to  occur  in  such  numbers  that  the  air  seems  to  be  full  of  the 
hies,  but  it  is  less  abundaTit  in  Sikkim,  where  the  climate  is  moister. 
The  worst  months  are  April,  May,  and  June,  i.e.  the  hot  season,  but  the 
hies  are  not  uncommon  in  the  low  valleys  in  February  and  March. 
M'^hen  the  rainy  season  sets  in  they  usually  di.sappear,  and  ai’e  not  seen 
again  until  the  following  spring.  The  insect  hies  noiselessly,  and  its  bite 
in  the  hrst  instance  is  so  painless  that  the  creature  is  seldom  noticed  at 
work  until  its  yellow  and  black  body  is  to  some  extent  coloured  with 
the  blood  it  has  absorbed.  It  is  then  too  late  to  do  much  good  by 
brushing  it  away.  It  leaves  a characteristic  mark  due  to  the  presence  of 
a little  globule  of  blood,  about  the  size  of  a pin’s  head,  beneath  the  skin. 
The  bite  soon  becomes  irritable,  but  the  effects  vary  in  different  indivi- 
duals. Generally  .speaking,  the  irritation  passes  off  in  a few  days,  but 
in  the  case  of  newcomers  and  i)ersons  in  bad  health  it  often  causes 
troublesome  sores  and  ulcers.  . . . The  common  method  of  treatment  is 
to  squeeze  the  blood  out  of  the  wound  immediately,  as  this  alla3's  the 
intolerable  itching,  though  even  then  some  swelling  is  usuall\'  produced. 
Deodar  and  eucalyptus  oil  also  are  freely  used  for  rubbing  over  the  hands 
and  face  to  keep  off  the  insects,  which  are  most  annoying  Avhere  they 
occur.”  The  species  known  and  feared  in  certain  parts  of  the  Amazons 
district,  Brazil,  and  especially  on  the  Rio  Punis,  under  the  name 
lias  recently  been  described  by  Dr.  Goeldi(12)  as  Simulium  amazonicum. 
There  is  reason  to  believe,  however,  that  it  is  identical  with  the  North 
American  S.  venustmn  >Say  {pertiuax  Kollar).  The  Avell -known  and 
dreaded  “Borrachudo”  of  Southern  Brazil  also  belongs  to  the  genus 
Simulium,  and  the  name  is  perhaps  applied  to  more  than  one  species. 

Details  of  remedies  recommended  for  lessening  the  pain  of  the  bites 
of  Simulium  and  preventing  inilammation  have  been  given  by  Brauer  (1.3), 
who  says  that  all  plans  to  diminish  the  number  of  these  insects  have 
hitherto  been  unsuccessful,  .since  the  larvae  cannot  be  attacked,  or  only  to 
a limited  extent.  The  same  writer  adds  that  smoke,  “produced  by 
putting  live  coals  into  heaps  of  dung,  leaves,  hay,”  etc.,  is  a protection 
against  the  hies,  as  is  also  “ an  embrocation  of  tobacco  decoction,  or  of 
kerosene  oil.” 

Psyehodidoe,  genus  Phlehoiomus  (called  sand-flies  iu  the  Sudan  and 
Ceylon). — Although  it  has  hitherto  been  believed  that  the  blood-sucking 
species  of  this  family  are  confined  to  the  genus  Phlehoiomus,  there  is  some 
reason  to  think  that  one  or  two  species  of  the  genus  Si/co7'ax,  one  of  which 
occurs  in  Algeria,  also  suck  blood,  though  it  is  not  known  Avhether  they 
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attack  human  beings.  The  small,  miclge-like,  yellowish-brown  haiiy  Hies 
of  the  genus  Phlebotomus  (Fig.  100)  need  not  detain  us  long,  for  they  have 
not  3’et  been  studied  systematically,  and  practically  nothing  is  known  as  to 
the  halnts  of  the  three  or  four  species 
that  occur  in  the  south  of  Europe,  the 
Mediterranean  sub- region,  the  Anglo- 
Egyptian  Sudan,  Uganda,  and  Ceyloii.  As 
in  the  case  of  the  harmless  species  of  this 
famil}’,  the  body  and  wings  are  densely 
clothed  with  long  hair,  but  Phlehotomu^ 
may  be  recognised  by  the  slender  shape 
of  the  body,  which  measures  from  1^ 
to  2 mm.  in  length,  long  legs,  and  by 
the  prominent  proboscis,  which  projects 
vertically  beneath  the  head.  The  life- 
history  is  practically  unknown,  but  the 
preliminary  stages  are  passed  in  water,  or  in  cesspools  or  other  liquid 
tilth. 

Tabanidje  {horse-flies,  or  breeze  - flies  ■,  sometimes  called  gad-Hies; 
serut-jlies  on  the  Upper  Nile  ; vmngrove- flies  in  West  Africa — a name, 
however,  that  also  includes  tsetse-Hies).  — This  is  a family  of  blood- 
suckei-s,  for,  as  already  stated,  the  habit,  as  in  Simulium,  is  universal  in 
the  female  sex,  with  the  possible  exception  of  certain  species  of  Pav- 
gonia.  The  Tabanid*,  besides  being  world-wide  in  distribution,  are  also 
one  of  the  largest  of  all  the  families  of  Uiptera,  the  number  of  descril,)ed 
species  being  now  little  short  of  1600,  although  this  total  is  certain  to  be 
somewhat  reducetl  when  a much-needed  revision  is  undertaken.  More 
than  half  of  the  species  (over  900)  belong  to  the  genus  Tabanus  (Fig.  105), 
though  the  other  principal  genera,  Heematopota  (Fig.  104),  Pangonia  (Fig. 
102),  and  Chrgsops  (Fig.  101),  are  also  rich  in  species.  In  appearance  the 
Tabanida?,  some  of  which  are  among  the  largest  of  Diptera,  are  bulky- 
bodied  flies,  ranging  in  length  from  about  6 mm.  in  the  case  of  a small 
species  of  Chrgsops,  to  more  than  an  inch  in  that  of  the  largest  species  of 
'Tabanus.  The  head  is  large,  convex  in  front,  and  in  the  male  almost 
wholly  composed  of  the  eyes,  which  meet  together  above  in  that  sex,  but 
are  separate  in  the  female.  The  eyes  in  life  are  extremely  beautiful, 
being  usually  of  a greenish  colour,  generally  marked  with  transverse 
stripes,  wavy  bands,  or  spots  of  purplish-brown  ; the  eyes  in  Chrgsops,  in 
which  the  ground-colour  is  a brilliant  metallic  gold  or  purple,  are 
especially  remarkable.  The  pattern  of  the  markings  varies  with  the 
species,  and  is  consequently  of  value  for  specific  distinction ; but  unfor- 
tunately in  dried  specimens  the  eyes  fade  into  a dull  brown,  and  the 
markings  as  a rule  disappear  entirely,  though  they  can  usually  be 
restored  temporarily  by  damping  the  specimen.  The  antenme,  Avhich 
are  always  prominent,  are  especially  long  and  slender  in  the  genus 
Chrgsops  (see  Fig.  101),  in  which  they  serve  as  a distinctive  character. 
The  proboscis  in  most  genera  is  short  and  stout,  and  protrudes  vertically 
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Fig.  100. — Phtehotomns  sp  9 X 10- 
Ceylon. 
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beneath  the  head,  the  j^iercing  stilets  being  enclosed  in  a fleshy  lower-lip  ; 
in  Fungonid,  however,  it  is  stiff  and  slender,  generally  more  or  less  hori- 
zontal, and  usually  considerably  elongated.  In  the  case  of  certain  species 
such  as  Fangonia  longirostris  Hardw.,  which  is  foujid  in  the  Himalayas, 


Fig.  101. — Chrysojis  dispar  Fabricius.  9 x -iJt- 
ludia  and  Ceylon  to  Uong-Kong. 

and  in  tvhich  the  proboscis  is  many  times  longer  than  the  body,  it  is 
possible  that  the  insects  are  not  blood-suckers  but  feed  on  other  fluids ; 
for,  as  recently  pointed  out  by  Lutz  (14),  should  the  proboscis  be 
very  long,  the  enclosed  piercing  stilets  do  not  reach  the  tip  by  a long 


Fig.  102. — Pangnnin  heclrri  Enzzi.  9x2. 

Somaliland. 

way.  In  species  of  Fangonia  with  a very  much  elongated  proboscis,  great 
individual  difterences  in  the  length  of  the  labium  are  often  noticed,  which 
are  stated  by  Lutz  to  be  due  to  the  fact  that  “in  true  species  of 
Fangonia  the  labium  is  protrusible  and  retractile,  its  basal  portion  being 
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cajnible  of  lieing  rolled  up  spirally  inside  the  posterior  part  of  the  buccal 
cavity.”  In  Paiujoaia  heckeri  Bezzi,  a Somaliland  species  illustrated  in 
Fig.  102,  the  proboscis  is  relatively  short. 

In  coloration  the  majority  of  Tabanidce  are  somewhat  sombre,  the 
prevailing  hue  being  generally  some  shade  of  brown,  though  the  abdomen 


is  often  lighter,  or  prettily  adorned  with  lighter  markings,  which,  being 
due  to  a coating  of  short  hair,  are  easily  rubbed  oft'.  In  the  case  of 
Lt’pidoselac/a  lepidota  Wied.  (Fig.  103),  called  by  Bates  “the  scourge  of  the 
Upper  Amazons,”  and  known  to  the  local  Indians  as  the  “motAca,”  the 


Kig.  104. — Ihematnymta  piiUihrilhorax  An.stp.n.  9 ^ 
.Vnglo-Egyptiiui  Suilan  to  South  Africa. 


bronze-black  body  is  covered  with  a coat  of  minute  greenish  iridescent 
scale-like  hairs.  In  many  species,  as  in  all  those  of  the  gaum  Chrysops 
(Fig.  101)  and  some  species  of  Tabanus  (Ph’g.  105),  the  -wings  are  con- 
spicuously banded  with  blackish-brown,  while  in  ITannatopoia  (Fig.  104) 
they  shew  an  intricate  pattern  of  light  markings  on  a dark  ground. 
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Fio.  105. — Tahanus  fasciatus  Fabricius. 

West  Africa. 
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The  eggs  of  Tabanidje  are  deposited  in  masses  (in  one  flat  tier  in  the 
case  of  Chryso2?s  and  probably  in  that  of  Pangonia  also,  but  in  a sub-conical 

pile  of  sevei'al  layers  in  that  of 
Tabanus)  on  rushes  or  other  smooth 
surfaces  over  water  or  wet  ground 
(15).  The  larvie,  which  in  the 
majority  of  cases  live  in  the  wet 
sand,  mud,  or  vegetable  debris  at  the 
margins  of  liters,  while  othei’s  are 
found  in  earth  or  water,  are  glassy, 
whitish,  cylindrical  grubs,  tapering 
at  each  extremity,  with  a retractile 
chitinous  head.  The  first  seven 
abdominal  segments  {i.e.  all  except 
the  last)  are  each  provided  with  a 
circlet  of  retractile  fleshy  protuber- 
ances, which  assist  in  locomotion. 
Tabanid  larvoe  are  carnivorous,  and 
burrow  actively  in  search  of  food, 
which  consists  of  beetle-larvfe,  snails,  worms,  etc.  The  pupas,  which 
resemble  those  of  Lepidoptera,  but  are  distinguished  by  the  presence  of 
a pair  of  large  ear-shaped  spiracles  on  the  dorsum  of  the  thorax,  are 
generally  found  concealed  in  damp  rubbish  at  the  edge  of  water. 

Female  Tabanidfe  are  among  the  most  persistent  of  blood-sucking 
flies,  although  certain  species  appear  to  attack  man  only  exceptionally. 
The  quietness  with  which  the  species  of  Hcematopota  and  Chrysops  and  the 
smaller  species  of  Tabanus  alight  on  their  victims  is  remarkable,  the  sharp 
prick  of  the  Ihte  being  often  the  first  intimation  of  the  presence  of  the 
fly.  The  species  of  Pangonia,  howe^'er,  and  the  larger  species  of  Tabamts 
betray  their  approach  by  their  loud  hum.  Tabanida3  are  creatures  of 
the  open  country,  woods,  roads  frequented  by  horses  and  cattle,  and 
river-beds ; they  seldom  enter  houses,  and  should  they  do  so  they  appear 
to  recognise  that  they  are  out  of  their  element,  and  shew  no  disposition  to 
bite.  The  biting  powers  of  Tabanidte  are  well  known  to  all  who  have  had 
practical  experience  of  them  : a correspondent  writing  with  reference  to 
species  met  with  in  swampy  localities  near  Gambaga,  West  Africa,  states 
that  “ they  bite  with  ease  through  two  thicknesses  of  clothing,  such 
as  a pair  of  breeches  with  drawers  underneath.”  The  mofuca  (Fig.  103), 
already  alluded  to,  is  found  in  Central  America  as  well  as  in  Equatorial 
Brazil.  With  reference  to  the  swarms  of  this  fly  encountered  near  Serpa 
on  the  Lower  Amazons,  Bates  writes  that  “its  j)uncture  does  not  pro- 
duce much  pain,  but  it  makes  such  a large  gash  in  the  flesh  that  the  blood 
trickles  forth  in  little  streams.  Many  scores  of  them  were  flying  about 
the  canoe  all  day,  and  sometimes  eight  or  ten  would  settle  on  one’s  ankle 
at  the  same  time.  It  is  sluggish  in  its  motions,  and  may  be  easily  killed 
with  the  fingers  when  it  settles  ” (16). 


O . ..  A.,  . 

Many  African  species  of  Tabanus  have  a very  wide  range  ; thus  , 
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Tdhdinis  dfrirdiiii^  (Tniy,  :i  handsome  species  Avith  yellow  bod)",  l>lack  legs, 
and  the  basal  tAvo-thirds  of  the  AA’itigs  prettily  banded  AA'ith  broA\-n,  is 
found  from  Anglo-Egyptian  Sudan  to  Natal,  and  also  occurs  in  the  East 
Africa  Protectorate.  Similarl)'  Tahdnus  serrdfus  Laa'.,  one  of  the  species 
found  in  Uganda,  is  A’ery  Avidely  distributed  upon  Sao  Thome  L,  in 
the  Gulf  of  CTiiinea,  AA'here  it  is  said  to  persecute  human  beings,  especially 
natives,  Avith  peculiar  jtertinacity  (17). 

Under  the  name  seruf -flies”  several  species  of  2'abdmts  are  Avell 
knoAvn  to  British  officers  attached  to  the  Egyptian  Army  as  a scourge  of 
the  Upper  Nile.  One  of  the  commonest  of  these,  in  the  vicinity  of  Kodok 
(Fashoda)  at  any  rate,  is  Tdhimits  socins  Walk.,  a reddish-broAvn  species 
varying  from  rather  less  to  rather  more  than  half  an  inch  in  length,  Avith 
longitudinally  striped  abdomen  and  clear  Avings.  Serut-Hies  do  not  seem 
to  be  found  continuously  along  the  banks  of  the  river,  but  appear  to  be 
confined  to  certain  tracts  recalling  the  “ belts  ” Avell  knoAvn  in  the  case  of 
the  tsetse-hies.  In  a letter  dated  “AVau,  Bahr-el-Ghazal,  Sudan, 
I)ecember  6,  1903,”  the  late  Captain  H.  E.  Haymes,  P.A.M.C.  (attached 
E.A.),  Avrote  as  folloAvs  : “The  first  serut  met  Avith  going  south  is  at  Goz- 
abu-Gooma.  At  Fashoda  they  are  more  numerous,  and  as  the  paityrus  and 
sudd  commence  they  disappear,  i.e.  200  miles  south  of  Fashoda.  They 
appear  again,  but  in  small  numl)ers,  at  Kirro,  a Belgian  post,  and  continue 
to  Kejaf,  also  a Belgian  post.  Then  they  disappear  again  for  1 00  miles,  and 
a])pear  again  at  Dufile,  from  Avhich  post  they  extend  100  miles  south.” 

In  view  of  the  successful  results  that  of  late  years  have  in  some  cases 
attended  the  efforts  of  economic  entomologists  to  reduce  the  numbers  of 
certain  insect  jAests  by  cultivating  their  natural  enemies,  it  may  perhaps  be 
Avorthy  of  note  that  in  the  adult  state  Tabanidae  are  often  preyed  upon  by 
robber-Hies  (Asilida?),  and  by  sand-Avasps  of  the  family  Bembecidae,  Avhile 
their  eggs  are  sometimes  infested  and  destroyed  by  parasitic  Hymenoptera. 

Leptidae. — The  members  of  this  family  are  slenderly  built  flies  of 
moderate  size  (6  mm.  to  13  mm.  in  length),  usually  Avith  a short  pro- 
boscis, and  Avith  the  Avings,  in  Avhich  the  arrangement  of  the  A'eins 

reseml)les  that  seen  in  the  Tabanidae,  often  blotched  Avith  broAvn.  Some 
shade  of  broAvn  or  yelloAvish-broAvn  generally  forms  the  ])revailing  colour 
of  the  body,  and  the  abdomen  usually  tapers  tOAvards  the  tip.  The  pre- 
liminary stages,  SO  far  as  knoAvn,  are  passed  in  vegetable  mould  or  rotten 
Avood.  The  .species  of  the  sub-family  Leptina?,  including  the  genera 
Lepfis  and  Sipnphoromjiia,  have  a short  and  noiseless  flight,  and  are  fond  of 
I’esting  motionless  and  head  doAviiAvards  upon  the  trunks  of  tines  in  shady 

place.s.  Leptidaj  haA'e  rarely  been  knoAvn  to  molest  man,  and  their 

inclusion  among  blood-sucking  forms  at  pre.sent  rests  upon  a feAv  isolated 
obserA'ations.  In  France  two  common  European  species  of  Lepfis  have 
been  observed  to  suck  human  blood,  Avhile  the  same  habit  has  been 
noticed  in  California  and  Arizona  in  the  case  of  a species  of  Sijwphoromyia. 
According  to  Philippi,  Trkhopalpns  ohscurus  Phil.,  a species  Avith  an  elon- 
gated prol.)Oscis,  common  in  the  Province  of  Valdivia,  Chile,  in  December 
and  January,  is  a greedy  blood-sucker. 
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Museidse  (tsetse-flies  and  their  allies). — The  blood-sucking  species 
of  Muscidaj  are  few  in  number,  but,  apart  from  the  mosquitoes,  they  are 
by  fai-  the  most  important  of  all  jdilebotomic  Diptera,  since  they  include 
the  tsetse-flies  (genus  Glosdna),  one  species  of  which  is  now  so  well 
known  as  the  disseminator  of  sleeping  sickness,  Mhile  others  convey 
“nagana”'  or  tsetse-fly  disease,  which  is  equally  fatal  among  domestic 
animals.  With  the  exception  of  those  belonging  to  Sfovioxys,  the  species 
of  other  genera  which  feed  on  blood  seldom  molest  human  beings,  and 
are  of  more  importance  to  the  stock-raiser  and  the  veterinary  surgeon 
than  to  the  medical  inaTi.  The  possible  importance  of  Stomoxijs  to  the 
student  of  tropical  diseases  has  already  been  hinted  at,  and  little  more 
need  be  said  with  regard  to  this  genus,  which,  perhaps  with  the 
exception  of  South  America,  is  universally  distributed.  Not  more  than 
a dozen  species  are  at  present  known,  but  it  is  probable  that  some  of 
these  are  not  really  distinct,  while  a few  others  have  yet  to  be  described. 
Tlie  species  are  all  very  similar  in  appearance,  and,  like  the  tsetse-flies 
themselves,  are  lacking  in  structural  characters  for  their  distinction. 
Though  somewhat  more  stoutly  built,  in  size  and  coloration  they 
present  such  a resemblance  to  their  near  relation  the  house-fly  {Mvsca 

doinestica  L.)  as  to  deceive  the  un- 
initiated, though  the  little  black 
piercing  proboscis,  which  in  life  may 
alwaysbe  seen  projectinghorizontally 
in  front  of  the  head,  affords  an  in- 
fallible means  of  recognition.  The 
grey  or  olive-brown  body  generally 
exhibits  a lighter  median  stripe  on 
the  thorax  and  dark  spots  or  trans- 
verse bands  on  the  abdomen.  The 
larva  is  a white  maggot,  closely 
resembling  that  of  the  house-fly, 
and  is  found  in  horse-droppings  and 
manure  heaps.  The  perfect  insects 
infest  stables  and  cow-sheds,  and  are 
generally  to  be  found  in  the 
vicinity  of  horses  and  cattle.  In 
the  resting  position  the  wings  pro- 
ject at  an  angle  from  the  body,  as  is 
shewn  in  Fig.  106.  The  common  European  Stomoxys  cakiinms  L. 
(Fig.  106)  is  very  widely  distributed,  for  it  abounds  in  the  United 
States,  while  specimens  from  Northern  India  are  indistinguishable  from 
British  examples. 

The  tsetse-flies  (genus  Gloasina  Wiedemann)  ai'C  confined  to  Africa, 
where,  however,  as  shewn  in  my  recent  map  (18),  they  have  a very  wide 
disti  ibution  in  the  tropical  and  (in  S.  Africa)  sub-tropical  zones.  Koughl}' 
speaking,  so  far  as  our  present  knowledge  goes,  the  northern  boundary 
of  the  genus  may  be  represented  by  a line  drawn  from  Cai)c  Verde 
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across  the  middle  of  Lake  Chad  to  the  Mile  just  south  of  the  twelfth 
parallel  of  north  latitude  and  thence  to  the  east  coast  at  4°  N.  ; while 
its  southern  limit  may  be  similarly  shewn  by  tracing  a line  from  the 
mouth  of  the  Cunene  Rivei',  the  southern  boundary  of  Angola,  to  the 
north-east  extremity  of  St.  Lucia  Lake,  in  Zululand.  A\'ithin  this  area 
tsetse-Hies  are  not  found  continuously,  but  are  restricted  to  “ belts  ” or 
“ patches  ” of  forest,  bush,  or  lianana  plantation,  usually  on  the  margins 
of  watercourses,  rivers,  and  lakes,  and  seldom  far  from  water  of  some 
kind.  In  common  language  they  may  be  described  as  “ ordinary- 
looking  sombre  brownish  or  greyish-brown  flies,  varying  in  length  from 
3i  to  4§  lines  (7i  to  10  millimetres)  in  the  case  of  Glossina  morsitans  to 
about  lines  (ll.V  millimetres)  in  that  of  01.  fiisca  or  longijmvnis,  with 
a prominent  proboscis  in  all  species  ” (19).  In  the  resting  attitude  a ready 
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West  ami  Central  Africa. 

means  of  distinction  from  other  blood-sucking  flies,  such  as  Ilcematopota, 
Avhich  might  possibly  be  mistaken  for  them,  is  aflbrded  by  the  position 
of  the  wings,  which  are  carried  flat,  closed  one  over  the  other  like  the 
blades  of  a pair  of  scissors.  The  reproduction  of  tsetse- flies  is 
extremely  remarkable,  for,  instead  of  laying  eggs,  the  pregnant  female 
produces  a single  full-grown  larva,  which  crawls  away  into  some  hiding- 
place  and  immediately  turns  into  a pupa.  This  is  of  extreme  importance, 
since,  as  will  readily  be  seen,  it  renders  any  attempt  to  I'educe  the 
numbers  of  the  flies  by  attacking  the  larvae  absolutely  hopeless. 

In  addition  to  the  eight  recognised  species  of  tsetse-flies  characterised 
in  my  “Revised  Synopsis,”  published  in  1904  (20),  a ninth  species 
(from  Angola)  was  described  in  1905  by  Franca  under  the  name  Glossina 
hocagei  (21).  Only  three  specimens  of  this  form,  however,  have  so  far 
been  discovered,  and  it  is  probable  that  it  will  eventually  prove  to  be 
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merely  a sub-species  of  Gl.  palpalis,  which,  in  any  case,  it  closely 
resembles.  Glossina  palpalis  Rob.-Desv.  (Fig.  107),  the  disseminator  of 
Trijpanoaoina  (jamhiense,  the  parasite  of  sleeping  sickness,  is  about  mm. 
in  length,  and  the  darlced  of  all  the  tsetse-flies.  Its  area  of  distrihution, 
as  shewn  on  my  map,  includes  the  river  systems  of  West  Africa,  from 
Cape  Verde  to  Angola,  the  Congo  valley  and  basin,  the  northern  and 
eastern  shores  of  Lake  Victoria,  the  entire  circumference  of  Lake  Albert, 
and  the  banks  of  the  Nile  from  the  latter  to  Gondokoro.  As  already 
mentioned,  it  is  probable  that  other  species  of  tsetse-flies  are  also  capable  of 
conveying  the  parasite  of  sleeping  sickness,  but  this  has  yet  to  be  proved 
by  experiment.  An  important  paper  on  “ The  Multiplication  of  Trypano- 
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Tropical  and  sub-tropical  Africa  ; N'igeria  to  Xatal. 

soma  gambiense  in  the  Alimentary  Canal  of  Glossina  palpalis  ” has  recently 
been  published  by  Gray  and  Tulloch  (22),  and  the  internal  anatom}'  of  Gl. 
palpalis  itself  has  been  described  and  illustrated  by  Prof.  Minchin  (26). 
Mention  should  also  be  made  of  a paper  on  “ Glossina  palpalis  in  its  relation 
to  Trypanosoma  gambiense  and  other  Trypanosomes,”  which  has  appeared 
while  these  pages  have  been  passing  through  the  press  (27). 

The  blood-sucking  larva  of  Aiichmeromyia  Inteola  Fal»r.  (Fig.  108), 
another  African  Mu.scid,  of  which  the  perfect  insect  is  incapable  of 
sucking  blood,  was  described  and  figured  in  1904  by  I)rs.  Dutton, 
Todd,  and  Christy,  under  the  somewhat  misleading  name  of  “The  Congo 
Floor  Maggot”  (23).  For  this  species  ranges  from  Nigeria  to  Natal, 
and  is  also  found  in  British  East  Africa  and  Uganda.  The  perfect 


PLOOD-SUCA'nxa  AjVD  other  flies 


iSs 


insect,  which  is  about  1 1 mm.  in  length,  is  of  a pale  yellow  colour,  with 
the  distal  half  of  the  alKlomen,  except  the  tip,  bluish-black.  The  larva, 
a dirtv-white  maggot  about  15  mm.  in  length  when  full-groAvn,  lives  in 
the  cracks  in  the  earthen  floor  of  native  huts,  and  crawls  out  by  night 
to  fasten  upon  tlie  limbs  of  sleepers  and  suck  itself  full  of  blood. 
While  certain  Dipterous  larvte  are  subcutaneous  parasites  in  man  and 
otber  animals,  this  free-living,  Idood-sucking  form  is  at  ])resent  entirely 
unique,  and  its  discovery  is  consequently  of  extreme  interest. 


Non-Blood-Sueking  Flies 

Space  forbids  us  to  devote  more  than  a few  lines  here  to  those  flies 
that,  while  incapable  of  sucking  blood,  are  nevertheless,  in  some  instances, 
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important  agents  in  the  dissemination  of  such  diseases  as  cholera  and 
enteric  fever.  In  these  cases  the  flies  act  as  mechanical  carriers  of 
bacilli  or  other  infective  matter,  and  the  effect  is  produced  chiefly  by 
the  contamination  of  food.  Information  on  this  subject  will  be  found  in 
Dr.  Xuttall’s  memoir  (1),  referred  to  above,  and  also  in  recent  papers  by 
Howard  (24)  and  nn^self  (25).  The  species  concerned  are  those  most 
closely  associated  with  man,  and  of  these  the  common  house-fly  (Musca 
clome.^Hca  Linn.)  is  the  most  important. 

Of  the  flies  the  larvm  of  which  are  frequently  found  as  intestinal  or 
other  parasites  of  the  human  body  (Myiasis),  Chrysomyia  macellaria  Fabr. 
(Fig.  109),  the  larva  of  which  is  known  as  the  “screw-worm”  in  the 
United  States,  may  be  taken  as  a type.  This  species,  a near  relation  of 
the  well-known  “green-bottle”  flies  (LurAlin),  has  a very  wide  range  in 
North  and  South  America,  and  is  met  with  as  far  south  as  Argentina ; 
the  larva?  chiefly  infest  sores,  but  are  also  sometimes  found  in  the  nasal 
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and  frontal  sinuses.  Another  Muscid  fly,  of  "which  the  larvae  are  sub- 
cutaneous parasites,  is  the  African  species  Conlijlobut  anthropopluigci 
Blanch.,  which  coincides  in  range  with  A uckmerornyia  luteola  iabr.,  to 
which  it  is  also  very  similar  in  appearance.  JJermatohia  noxudis  Goiidot, 
found  in  Central  and  South  America,  belongs  to  the  Gilstridae  ; its  sub- 
cutaneous lai-va,  which  often  infests  man,  has  a bottle-shaped  body, 
encircled  by  rings  of  Idack  hooks. 

Ernest  E.  Austen. 
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TICKS 

By  R.  I.  PococK,  F.Z.S. 

Intpoduetir'ii. — Records  of  the  dread  Avith  Avhich  certain  ticks  arc 
regarded  by  the  natives  of  the  countries  infested  by  these  parasites  may 
be  found  scattered  through  volumes  of  travel,  and  repeated  or  extended 
in  works  on  the  natural  history  of  this  group  of  blood-sucking  Arachnids. 
Rut  a scepticism  justified  by  the  proneness  of  uneducated  man  to  regard 
as  venomous  all  repulsive-looking  creatures  of  the  insect  kind,  and 
strengthened  by  the  negative  results  of  experiment  and  by  the  knowledge 
that  ticks  have  no  poison-glands  in  the  strict  sense  of  the  word,  led  to 
these  reports  being  regarded  Avith  suspicion,  or  dismissed  unconsidered 
as  mere  travellers’  tales.  In  the  latter  part  of  the  last  century,  hoAvevei’, 
interest  in  the  (piestion  Avas  revived  by  the  discovery  of  the  part  pla}'ed 
by  mosquitoes  in  malarial  infection,  and  by  the  definite  association  of  a 
North  American  tick  Avith  the  cattle  disease  known  as  “ Texas  ” fever. 
Recogrution  of  the  economic  importance  of  the  last-mentioned  discoveiy 
stimulated  investigations  Avhich  soon  established  a causal  connexion 
bctAveen  ticks  and  some  previously  puzzling  maladies  of  domestic  animals 
and  birds  ; and  Avithin  the  last  feAv  years  medical  expeditions  to  tropical 
Africa  have  shcAvn  that  the  l>ite  of  a species  of  tick,  historically  recorded 
as  poisonou.s,  is  indeed  folloAA’ed  in  man  by  the  “relapsing  feA'er”  of  that 
country  (nWe  p.  .‘101). 

It  is  especially  Avorth  bearing  in  mind  that  up  to  the  present  time 
all  the  ticks  knoAvn  to  be  harmfid  to  mankind  belong  to  the  family 
Ai’gasidfe,  the  members  of  Avhich  are  for  the  most  part  parasitic  upon 
domestic  foAvls.  Only  one  species  of  Ixodidm  has  so  far  been  stated  to 
be  pathogenetic  Avith  respect  to  the  human  species ; but  the  claim  is  as 
}’et  unsubstantiated,  and  amounts  to  little  more  than  a suspicion.  Since, 
hoAvever,  it  has  been  defiintely  proved  that  several  species  of  Ixodida? 
transmit  pathogenetic  sporozoa  to  dogs  and  cattle,  Avhich  (lifter  from 
each  other  in  organisation,  habits,  temperament,  and  constitution  as  much 
as  either  differs  from  man,  it  AA^ould  be  uni’easonable  to  suppose  that  man 
is  exempt  from  the  ill  eft'ects  of  similar  or  identical  lumnozoic  inoculation 
bv  ticks  of  this  family.  It  is  therefore  important  that  medical  men 
should  haA^e  some  knoAvledge  of  the  habits  and  classification  of  the.se 
blood-sucking  parasites. 

Most  of  the  genera  and  all  the  species  and  varieties  mentioned  or 
diagnosed  in  the  folloAving  pages  may  be  found  de.scribed  at  length  under 
the  same  or  dift’erent  names  in  the  A'arious  ])apers  l)y  Neumann  (29,  30, 
31,  32,  33).  The  chief  alterations  hei’e  introduced  are  the  resu.scitation 
of  C(I7'L%  the  proposal  of  the  uoav  name  Alecforolnv.^,  and  the  sulxstitution 
of  Margaropits  for  Boophilu$. 
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HOW  TO  DISTINGUISH  TICKS 

Ticks  and  mites,  constituting  the  order  Acari,  are  the  only  parasitic 
members  of  the  class  Ai'achnida.  From  other  parasitic  Arthropoda, 
such  as  insects,  they  may  be  readily  distinguished — (a)  by  the  absence 
of  antennce  ; (/>)  by  the  i)resence  of  only  two  pairs  of  appendages  con- 
nected with  the  mouth  ; (r)  by  the  possession  of  four  pairs  of  walking 
legs ; (rZ)  by  the  absence  of  segmentation  and  of  any  constriction  separat- 
ing the  leg-bearing  anterior  portion  from  the  legless  posterior  portimi 
of  the  l)ody ; (c)  by  the  position  of  the  genital  orifice  in  the  middle  or 
anterior  half  of  the  lower  surface. 

From  other  Acari,  ticks  may  l)e  distinguished — (a)  by  the  presence  of 
a median,  usually  sub-cylindrical  probe,  beset  with  recurved  teeth,  which 
projects  forwards  beneath  the  mouth  and  between  the  palpi ; (h)  by  the 
position  of  a conspicuous  spiracular  area  above  and  usually  behind  the 
base  of  the  last  leg  on  each  side. 


EXTERNAL  ANATOMY 

The  dorsal  surface  is  either  membranous,  leathery  or  thickly  chitinised, 
or  funiished  with  a chitinised  plate  only  in  front.  Like  the  ventral 

surface  it  is  marked  Avith  grooves  or  pits  shewing  the  points  of  attach- 
ment of  muscles.  Ayes,  when  present,  consist  of  simple  lenses.  In  front 
of  the  anterior  legs  there  is  a movable  sclei’ite,  the  capitulum,  which 
beai-s  the  mouth -parts.  These  consist  of  the  median  piercing  probe 
covered  with  recurved  teeth  (hypodoine),  a pair  of  four-jointed  pjaljii  on 
each  side,  and  a ]>air  of  slender  two-jointed  toothed  chrlicna’,  encased 
in  a finely  toothed  membranous  sheath,  above.  The  term  rostrum  is 
sometimes  applied  to  all  these  structures.  It  is  l»y  means  of  the  teeth 
on  the  hypostome  and  cheliceriie  that  the  tick  secures  and  maintains  a 
hold  of  his  host  when  sucking.  Each  leg  consists  of  six  main  segments, 
known  as  coxa,  trochanter,  femur,  patella,  tibia,  tarsus.  The  tarsus, 
bisegmented  except  on  the  first  leg,  bears  apically  a slender  stalk 
which  supports  two  claws,  and  often  a membranous  sucker  beneath  them. 
The  anterior  tarsus  carries  near  its  ajjex  Haller’s  sense  organ.  On  the 
ventral  surface  1)etween  the  legs  lies  the  genital  orifice,  and  behind  the 
last  pair  of  legs  the  valvular  anal  aperture.  Above  and  behind  the  base 
of  the  fourth  leg  is  the  spiracular  area,  upon  which  opens  the  orifice  of 
the  tracheal  system. 


CLASSIFICATION  OF  TICKS 

'Ficks  are  i-efcrable  to  two  very  distinct  families,  the  Ixodida3  and 
Argasid;e,  which  may  be  briefly  diagnosed  as  follows  : — 

a.  Dorsal  shield  absent  ; capituluin  concealed  from  above  . . Argasid;e. 

a'.  Dorsal  shield  present ; capitnlum  exposed  from  aVjove  . . Ixodida’. 
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Family  Argasidse 

Cnpitulnm  concealed  by  an  overlapping  extension  of  the  dorsal  area, 
which  has  no  chitinous  plate.  Integument  fairly  uniformly  granular  or 
coriaceous  al)Ove  and  below.  Palpi  unmodified,  first  and  fourth  segments 
long,  fourth  not  reti’actile,  second  and  third  not  excavated  internally.  No 
sucker  beneath  claws,  at  least  in  adult.  Sexual  dimorphism  slight. 

The  members  of  this  family  might  appropriately  be  termed  House 
Ticks.  They  are  usually  found  in  human  dwellings,  fowl-houses,  dove- 
cots, etc.,  and  are  more  commonly  parasitic  upon  domestic  poultry  than 
upon  cattle  or  other  mammalia.  They  hide  in  crevices  and  dark  corners 
during  the  day,  and  come  out  at  night  to  feed. 

The  genera  may  be  determined  as  follows  : — 

a.  Body  produced  laterally  into  a carinil'orm  edge  differing  in  sculpture  from 
the  rest  of  the  dorsal  and  ventral  surfaces. 

h.  A deep  post-anal  integuniental  groove  ....  Carls, 
h’.  No  post-anal  integumental  groove  .....  Argus, 
a.  Body  not  laterally  carinate  ; sculpturing  of  lateral  area  like  that  of  the 
dorsal  surface. 

c.  No  movable  sclerite  on  each  side  of  the  j^alpi  . . Ornithodoros. 

c.  A movable  sclerite  on  each  side  of  the  palpi  . . Aledorobius. 

Genus  Argas  Latr.  (17) 

Body  flat  or  hollowed  dorsally ; elliptical  or  oval ; its  edges  carinate. 
Horsal  integument  shagreened  or  beset  with  fine  granulations;  the 
margins  grooved  at  right  angles  to  the  edge ; the  muscular  impressions 
forming  radiating  lines.  No  integumental  groove  behind  the  anus. 

Genus  Caris  Latr.  (17) 

( = Argas  of  recent  authors;  see  Neumann  (29),  p.  19) 

Differs  from  Argas  in  having  a conspicuous  transverse  slightly  pro- 
curved  groove  just  behind  the  anus.  The  type  species  C.  vespertilionis 

occurs  parasitically  upon  small  European  bats.  The  body  is  almost  or 

cpiite  as  wide  as  long. 

Genus  Ornithodoro.s  Koch  ; Neumann  (29),  p.  25 

Body  generally  oval,  narrower  in  front  than  behind,  anteriorly  rounded 
or  conically  attenuated.  Integument  unifoimly  and  coarsely  granular 
throughout,  without  carinate  differentiated  lateral  border.  No  movable 
plate  on  each  side  of  the  palpi. 

Genus  Alectorobius  nov. 

Differs  from  Ornithodm'os  in  having  on  each  side  of  the  mouth-parts  an 
elongated  movable  plate  or  integumental  flap  capable  of  being  folded 
beneath  the  adjacent  palpus.  Tyjie  species  A.  talaje  Guerin  (see  infra, 
p.  196). 
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Family  Ixodidse 

Cupitulum  exposed,  projecting  from  the  anterior  end  of  the  body,  and 
articulated  to  an  excision  of  the  anterior  border  of  a firmly  chitinised 
dorsal  shield  which  covers  the  whole  or  a part  of  the  upper  suiface. 
Palpi  modified,  first  segment  usually  short,  second  and  third  longer  and 
nearly  always  excavated  internally,  fourth  minute  and  retractile.  Tarsi 
with  well-developed  sucker  beneath  claws.  .Sexual  dimorjjhism  pro- 
nounced. Male  : tergal  area  practically  covered  by  the  dor.sal  plate ; no 
porous  areas  on  capitulum ; frequently  well-developed  ventral  sclerites ; 
integument  scarcely  distensible.  Female  : dorsal  plate  restricted  to  the 
anterior  end  of  the  body ; a pair  of  porous  areas  on  uppei'  side  of 
capitulum  ; no  ventral  sclerites  ; integument  highly  distensible. 

This  family  is  comj^osed  of  ten  genera  classifiable  in  two  groups,  the 
Ixodaj  and  the  Khipicephalte.  Their  difterential  characters  may  be 
tabulated  as  follows  : — 

A.  J'emales.  Dorsal  surface  with  small  chitinous  plate  at  its  anterior  extremity  ; 

two  porous  areas  uiion  the  capitulum. 

a.  A transverse  recurved  j^re-anal  groove,  the  ends  of  which  may 
surround  the  anus  or  extend  back  to  the  posterior  edge  of  the  body 

I XOD.li. 

Genera  Ixodex,  Escliatocephal as,  Ceratixodes. 

a.  No  recurved  pre-anal  groove,  almost  always  a distinct  procurved 
post-anal  groove  approaching  or  meeting  the  two  long  (jcnital 
(jrooves,  diverging  backwards  from  the  genital  orifice 

EHII’ICEPHALai. 

b.  Palpi  relatively  long  and  slender,  second  segment  usually 
much  longer  than  wide. 

No  eyes  ......  Ajwnomvui. 

c.  Eyes  present  . . . Hyalomma,  Amhlyonnaa. 

h'.  Palpi  relatively  sliort,  second  segment  about  as  wide  as 

long,  or  wider. 

d.  No  eyes  ......  Hanaaiyhysalis. 

d'.  Eyes  present. 

e.  Capitulum  transversely  oblong  . Dennacentor. 

c.  Ca])itulum  hexagonal. 

/.  Spiracular  area  subcircular  ; pre-anal  groove 
obsolete  . . . Mnryaropus. 

/'.  Spiracular  area  comma-shaped  ; pre-anal 
groove  present  . . Phijncephalus. 

B.  Afnles.  Dorsal  integument  thickly  chitini.sed  throughout.  No  porous  areas 

on  capitulum. 

a.  Ventral  surface  strengthened  with  five  or  seven  chitinous  plates; 
grooved  as  in  females  .......  IxoDai. 

b.  Third  segment  of  palp  long,  acuminate  . . Ceratixodcs. 

h’.  Third  segment  of  palp  short,  apically  rounded. 

c.  Palpi  not  excavated  internally  . Eschatocephalus. 
c.  Palpi  excavated  internally  ....  Ixodes. 
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a.  Ventral  surface  soft  or  with  two  or  four  adanal  plates 

Khipicephal^;. 

d.  Ventral  surlace  without  adanal  plates. 

e.  Fourth  coxoi  enormously  enlarged  . . Dermactmtor. 

e.  Fourth  coxm  not  unusually  enlarged. 

/.  Palpi  short,  second  segment  strongly  angular  ex- 
ternally .....  HcemajthysaliK. 
Palpi  long,  second  segment  not  strongly  angular 
externally. 

(j.  No  eyes  ....  Aponumma. 
(j.  Eyes  present  . . . Anibhjomma. 

d . Ventral  surface  with  one  or  two  pairs  of  adanal  plates. 

h.  Palpi  long  and  slender,  second  segment  twice  as  long  as 
broad,  or  more  .....  Hyalomma. 
li.  Palpi  short  and  stout,  second  segment  at  least  as  wide 
as  long. 

i.  Spiracular  area  comma-shaped  ; external  adanal 
plate  when  present  usually  shorter  than 
internal  ....  Fhipice2}halus. 
i'.  Spiracular  area  subcircular ; external  adanal 
plate  as  long  as  the  internal  . Margaropun. 


Genus  Ixodes  Latr.,  Neumann  (31),  p.  108 
{ = Euuodes  Neum.  (34),  p.  445) 

Palpi  of  both  sexes  with  second  and  third  segments  hollowed 
intei’iially  and  ensheathing  the  hypostome ; apex  of  the  third  segment 
rounded  or  blunt,  not  acuminate.  Male  usually  with  seven  ventral  plates, 
a small  pregenital ; a hu’ge  genito-anal  between  the  genital  orifice  and 
the  anus,  an  anal  which  embraces  the  anus  and  extends  posteriorly,  a 
j)airof  adanals  outside  the  latter,  and  usually  a pair  of  epimerals  external 
to  the  others  and  abutting  against  the  coxm  and  spiracular  area ; the 
latter  o\al.  Female  with  three  dorsal  grooves  posteriorly  ; spiracular 
area  oval. 

This  genus  contains  a very  large  number  of  species,  mostly  of  small 
size,  and  parasitic  upon  mammals,  birds,  and  reptiles.  None  known  to 
be  pathogenetic. 


Genus  CERAxrxoDP:s  Neumann  (34),  p.  115 

Female  like  that  of  Ixodes  and  Eschatocephalus.  Male  differing  fi-om 
that  of  these  two  genera  in  having  the  third  segment  of  the  palp  long, 
acuminate,  and  far  surpassing  the  point  of  articulation  of  the  fouilh. 
Further  differing  from  male  of  Ixodes  in  having  the  second  and  third 
segments  of  the  palp  not  hollowed  internally. 

C.  pvtus,  the  only  known  species,  lives  parasitically  on  various  sea- 
birds (Guillemot,  etc.). 
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(ienus  Eschatocephalus  Frauenf.  ; Neumann  (32),  p.  290 
{ = llxmalastor,  Neumann  (31),  j).  16G) 

Female  like  that  of  Ixodes.  Male  diftering  in  that  the  second  and 
third  segments  of  the  palp  are  eonvex  and  not  hollowed  internally.  Legs 
usually  long. 

Several  species  found  in  caves  and  principally  parasitic  on  bats. 

Genus  Amblyomma  Koch;  Neumann  (31),  p.  200 

A pair  of  eyes  on  the  margin  of  the  dorsal  plate.  Mouth-jmrts  long. 
Male  without  adanal  sclerites. 

A very  large  number  of  species,  principally  parasitic  upon  mammalia, 
have  been  described. 

Genus  Aponomma  Neumann  (31),  p.  ISO 

^ ery  closely  related  to  Ambli/omma,  but  distinguishable  by  the  absence 
of  eyes.  Tlie  species,  few  in  number,  are  jjarasitic  for  the  most  part  on 
tro])ical  I’eptiles. 

Genus  Hyalomma  Koch  ; Neumann  (31),  p.  283 


Female  practicall}^  indistinguishable  from  that  of  AmUyomma,  males 
distinguishable  by  the  presence  of  two  pairs  of  adanal  plates. 

B 


Tlie  small  number  of  known  species  are  parasitic  upon  mammalia 
(cattle,  etc.)  and  tortoises.  None  has  been  recorded  as  pathogenetic. 
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r^eims  H.kmaphysalis  Koch ; Neumann  (30),  p.  32G 

No  eyes.  Capitnlum  transversely  oblong,  about  twice  as  wide  as 
long.  Palpi  conical ; second  segment  externally  j)roduced  into  a strong 
angular  or  spiniform  process.  Spiracular  area  circular  or  comma-shaped. 
Coxa  of  first  leg  not  bifid  in  either  sex.  Male  without  adanal  plates, 
atid  with  coxa  of  fourth  leg  of  normal  size. 

Genus  Deu.macentok  Koch ; Xeumann  (30),  p.  360 

Eyes  present.  CaiDitidum  wider  than  long,  transversely  oblong 
dorsally  ; palpi  sliort  and  thick,  the  second  and  third  segments  hardly, 
if  at  all,  longer  than  wide.  Spiracular  area  comma-shaped.  Coxa  of 
first  leg  bisjiinate  in  both  sexes.  Male  without  adanal  plates,  but  with 
coxa  of  fourth  leg  greatly  enlarged. 

Genus  PHirrcEPii.VLUS  Koch 
( = EurJii])ia’phalas  Neumann  (34),  p.  448) 

Eyes  present.  Capitulum  he.xagonal.  Palpi  and  hypostome  short, 
third  segment  of  pal])  armed  below  with  a backwardly  directed  spine, 
secoTid  and  third  segments  not  thicker  in  the  middle  of  their  length. 
Anal  groove  and  festoons  present,  co.xa  of  first  leg  bidentate.  Spiracular 
area  oval,  with  ])ointed  process.  Male  with  one  or  two  pairs  of  adanal 
))lates. 

A very  large  number  of  species,  principally  African,  have  been 
diescribcd.  A few  of  them  have  been  discovered  to  be  pathogenetic. 

Genus  Margaropus  Karsch  (13),  p.  96 

(=Boophilu.s  Curtice;  Marx;  Neumann  (34),  ]).  448;  Jihipkephahia 

Neumann  (30),  p.  407) 

Differs  from  Bhipiccphalns  in  having  the  external  margin  of  the 
second  and  third  segments  of  the  })alpi  thicker  towards  the  middle. 
Anal  grooves  and  festoons  obsolete.  >S])iracular  area  sid)circular,  without 
pointed  process. 

The  one  known  species,  described  below,  is  the  cause  of  “Texas”  or 
“Redwater  fever  ” infection  in  domestic  cattle.  It  is  widely  distributed 
in  temj)erate  and  tropical  countries,  ami  is  represented  by  several  more 
or  less  geographical  varieties. 


DESCRIPTIONS  OF  THE  BEST-KNOWN  PATHOGENETIC  SPECIES 

Brmifi  prrsicus  Fischer;  Neumann  (29),  p.  7 ; (32),  p.  255 

Body  oval  in  outline,  much  longer  than  wide,  narrower  in  front  than 
behind;  vellowish,  greyish,  or  reddish  in  colour.  Donsal  surface  convex, 
fiat,  or  excavated  above  ; rugose  and  shagreened,  the  maiginal  scul])turing 
VOL.  ir. — PT.  TF  o 
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fonned  of  irregularly  oblong  areas  imjrressed  with  a circular  pit,  and  radially 
arranged  mth  regard  to  the  centre  of  the  dorsum.  Anteriorly  there  are 
two  recurved  series  of  eight  or  ten  foveae,  and  posteriorly  a longer  median 
series  e.xtending  from  near  the  centre  to  the  posterior  margin,  and  five 
or  si.x  shorter  radiating  series  on  each  side.  Smaller  fovem  at  the  anterior 
and  posterior  ends  exhibit  a serial  arrangement  near  the  margin.  Ventral 
surface  with  a median  row  of  foveae  behind  the  anus,  and  from  nine  to 
twelve  shorter  radiating  rows  on  each  side.  Marginallj^  the  fovem  form 
two  or  three  series.  In  addition  to  these  there  are  numerous  scattered 
foveie,  especially  anteriorl}-  and  posteriorly.  Integument  Ijetween  the 
foveae  wrinkled.  Spiracidar  areas  semilunar  transverse. 

'riie  fertilised  and  distended measures  ixp  to  10  mm.  long  by  6 
inm.  broad,  with  a dorso-ventral  thickness  equal  to  about  half  the  width. 
In  the  undistended  state  the  rows  of  foveas  are  represented  Ixy  grooves. 
The  male  is  about  half  the  size  of  the  female,  and  is  flat  dorsally,  Avith 
the  integument  grooved  as  in  the  undistended  female.  The  niimph 
resembles  the  male  in  general  ajApearance.  The  newly  hatched  larva  is 
a little  more  than  0'5  mm.  in  length,  and  about  as  Avide  as  long.  This 
species  occurs  in  the  southern  and  eastern  countries  of  the  ^Mediterranean 
area  (Algeria,  Syria,  Persia) ; also  in  Russia,  Turkestan,  China,  and  Cape 
Colony.  It  attacks  both  poultry  and  human  Ixeings.  In  Persia  the  belief 
in  the  venom  of  its  bite  is  prevalent  and  historical. 

Argas  miniatus  Koch;  Neumann  (29),  pp.  9,  16  ; (32),  p.  255 

This  species  is  very  nearly  related  to  Argas  giersicm,  the  only  difference 
that  Neumann  [(32),  p.  339]  mentions  being  the  less  scattered  arrange- 
ment of  the  granules  toAvanls  the  margins  of  the  dorsal  surface.  The 
two  resemble  each  other,  and  differ  from  the  remaining  forms  of  the 
genus  in  that  the  sculpturing  of  the  margin  takes  the  form  of  more 
regularly  rectangular  or  oblong  areas. 

It  occurs  in  Central  America,  the  V est  Indies,  the  Southern  States 
of  North  America,  and  also  in  Ncav  South  Wales.  It  is  said  to  have 
been  taken  on  cattle,  but  appears  most  commonly  to  attack  poxdtry, 
infecting  them  Avith  spirillosis,  Avhich  frequently  proves  fatal  (see  Insect 
Life,  V.  pp.  267  and  348,  1893  ; vii.  p.  417,  1895). 

Ornithodoros  mouhata  Murray  ; Pocock  in  Sainbon  (41),  p.  222 
{ = 0.  savignyi  Amr.  cceca  Neumann  (32),  p.  256) 

Body  ovate,  a little  Avider  behind  than  in  front,  its  anterior  and 
posterior  borders  vciy  Avidely  rounded,  Avith  a lateral  constriction  behind 
the  level  of  the  third  leg;  yelloAvish-broAvn  in  colour  Avhen  young, 
greenish-brown  Avhen  adult,  tundng  to  blackish  or  reddish -lirown  hi 
alcohol.  Integument  studded  Avith  mammilliform  tubercles,  crenulatcd  at 
the  base.  Dorsal  surface  exhilhtiiig  three  pairs  of  longitudinal  grooves, 
each  arising  from  a fovea,  and  rumung  obliquely  imvards  and  bacWards ; 
also  Avitli  tAvo  short  transverse  grooves,  one  in  front  of  the  other,  towards 
the  posterior  end.  Above  the  base  of  the  legs  a longitudinal  supracoxal 
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groove.  Ventral  surface  with  a deep  pre-anal  groove  joining  the  siipra- 
coxal  grooves,  and  behind  it  three  pairs  of  longitudinal  depressions. 

Xo  eyes.  Spiracular  area  semilunar  in  front,  above  the  supracoxal 
groove.  Legs  strongish,  granular  above ; fourth  leg  half  as  long  again 
as  the  first ; tibia)  and  tarsi  of  first  three  pairs  with  three  teeth  on  the 
upper  side,  a proximal,  a submedian,  and  a chital,  the  chital  tooth 
conical,  the  others  rounded  apically  ; fifth  leg  similarly  toothed,  but  the 
teeth  smaller,  the  distal  tooth  of  the  tibia  absent,  and  the  second  or  the 
tarsus  very  small,  and  in  the  proximal  half  of  the  segment.  Length  of 
distended  specimen  about  8 mm.,  width  G oi'  7 mm. 

d'his  species  is  widely  distributed  in  Africa  from  Uganda  and  German 
Ea.st  Africa  in  the  east,  and  Congo  and  Angola  in  the  west,  to  Namaqualand 
and  the  Transvaal  in  the  south.  From  the  earlier  descril)ed  form,  0. 
sarifiin/i,  which  has  been  recorded  from  Somaliland,  Ab}^ssinia,  German 


Fig.  1 II. — Oru  ilhodoron  motthnta.  A,  dorsal  surface  of  female.  B,  ventral  surface  of  female. 


Ea.st  Africa,  and  the  Congo,  0.  moubata  differs  in  the  absence  of  eyes.  In 
0.  saviijnyi  these  organs  are  placed  two  on  each  side,  one  just  above  the 
base  of  the  first  leg,  the  other  opposite  the  interval  between  those  of 
the  second  and  third  ]>airs.  0.  monhata,  called  Idho  in  [Iganda, 
iiwubnfa  in  Angola,  and  tampan  on  the  Lowei-  Zambesi,  is  much 
dreaded  by  the  natives  of  these  countries.  Its  bite  is  now  known 
to  be  the  cause  of  tick  fever  or  relapsing  fever  in  man  in  trojiical  Africa. 
In  view  of  the  close  structural  similarity  between  0.  moubata  and  0. 
savigin/i  and  the  overlap  of  their  geographical  range,  it  seems  jirobable 
that  the  latter  species  will  also  prove  to  be  instrumental  in  causing  human 
spirillosis  infection. 

In  Mexico,  Florida,  and  Texas  there  is  an  allied  specie.s,  0.  turicata, 
ithe  bite  of  which  proA'es  fatal  to  fowls  and  harmful  to  human  beings. 
Anteriorly  the  body  is  narrowed  to  a rounded  point,  the  tibiae  and  tar.si 
of  the  legs  are  furnished  above  with  three  tubercles  each,  much  smaller 
than  those  of  0.  moubata,  and  there  are  no  eyes.  Another  tick 
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Alrdurohiiis  ialaje,  resembling  0.  furicafa  in  general  form,  is  regarded  as  a 
great  pest  to  mankind  in  Mexico  and  in  Columbia,  where  it  is  known  as 
the  ‘-ehiiiche.”  It  also  occurs  in  Venezuela  and  Chile,  and  is  represented 
in  South  Kurope  by  A.  conice'ps  and  in  South  Africa  by  A.  ccipctisis,  which 
only  difler  from  the  typical  form  in  points  of  minor  importance. 


iJermacentor  reticidatus  YAhricms,  ■,  Neumann  (.30),  p.  360 
Male : dorsal  surface  variegated  brown  and  white,  sometimes  one 
colour,  sometimes  the  other  predominating ; the  anterior  elliptical  area 
representing  the  dorsal  plate  of  the  female  has  a white  edge  and  two 
brown  stri[>es  over  the  cervical  grooves  and  one  or  more  spots  between 
them ; the  posterior  area  is  marked  with  nine  large  brown  blotches  forni- 


Fio.  112. — ilDrsal  Knvfncf-  of  ]>nmii:enlor  rcHculct n.') : I!,  ilnrsal  siirlaci'  of  IVmale  (uinUsti'Tiiii'ri). 

C,  cai)itiihuii  oi'  I'l’vnwcvntnr  reticiihilin^,  from  above.  1),  capitiilum  of  Umiuijihysalis  Itachi,  mail', 
from  above,  .showing  the  stroiigl.v  angiilate  second  segment  of  llie  lialp. 


ing  two  procurvcd  transverse  rows  and  a central  longer  stripe  ; festoons 
brown  and  white;  the  white  areas  between  the  brown  blotches  speckled 
with  brown  over  the  punctures.  The  entire  surface  marked  with  fine 
and  coarse  punctures,  the  latter  esiiecially  numerous  at  the  sides ; a 
marginal  groove  ; jialpi  longer  than  hypostome  ; second  segment  expanded 
distally  and  curved  above  with  a backwardly  directed  spike.  Coxa  of  first 
leg  strongly  liidentate,  the  others  with  a single  spine  ; coxa  of  fourth  leg 
twice  or  thrice  as  large  as  that  of  the  third.  Length  about  5 mm.  : 
width  about  2 ‘5. 

Female:  distended  as  much  as  16  mm.  long  by  10  wide,  with  a 
shallow  lateral  constriction  ; dorsal  plate  speckled  with  white.  Newly 
emerged  female  depressed,  about  as  large  as  the  male ; dorsal  plate 
similarly  punctured  ; elliptical,  extending  back  as  far  as  the  third  ]>air  of 
legs,  coloured  like  the  anterior  portion  of  the  dorsal  plate  of  the  neck ; 
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eyes  in  the  :uiterior  lialf  of  its  lateral  border.  Posterior  area  with  a 
marginal  groove,  three  longitndinal  grooves  and  festooned  edge.  A 
membranous  tooth  on  the  dorsal  side  of  the  second  segment  of  the 
palp.  Coxa?  spined  as  in  the  male. 

Widely  distributed  in  Euro])e,  Asia,  and  America.  It  is  the  carrier 
of  I’iropin.vna  canis  in  Europe  (Nocard  and  JMotas),  and  has  been  thought 
to  be  responsible  for  the  spotted  or  tick  fever  in  man  in  the;  Rocky 
.Mountains  (Wilson  and  Chowning). 


Jlcemaphi/salis  learhi  Audonin  ; Neumann  (30),  p.  347 

Male : dorsal  plate  yellowish-red,  half  as  wide  as  long,  narrowed 
anteriorly,  covered  with  many  fine  punctuations  ; a marginal  groove  and 
eleven  posterior  festoons.  I’alpi  longer  than  hypostome,  as  wide  as  long, 
triangnlai',  external  angle  of  the  second  segment  very  prominent,  with 
two  })rocesses ; inferior  edge  of  third  with  a backwanlly  directed  spike. 
Coxse  of  all  four  legs  with  a short  spine.  Length,  3 mm. ; width,  1 ‘b. 

Female  : \Vhen  distended,  oval  in  shape  ; when  recentlj^  emerged, 
de])ressed  and  much  the  same  size  and  shape  as  in  the  male  ; the  dorsal 
scute  o\  al,  much  longer  tlian  wide.  Pal])  with  second  segment  strongh/ 
produced,  and  spiniform  e.xteinally  at  the  process  with  a single  back- 
wardly  directed  sj)ike.  Coxa?  of  legs  spined  as  in  the  male,  but  less 
strongly.  Ijength  of  distended  $ about  9 mm.  ; width  about  5 mm. 

This  species  is  especially  abundant  in  tropical  and  South  Africa,  but 
lias  also  been  i-ecorded  from  Algeria,  Egypt,  Sumatra,  and  N.  S.  "Wales. 
It  is  commonly  jiarasitic  U])on  large  carnivora,  and,  according  to  Louns- 
bury  (20),  conveys  the  hsematozoon  of  biliary  fever  {P.  canis)  to  dogs  in 
South  Africa. 


A mhl/ioinma  JiAjra’tnn  Koch 

{ = helmeum  S + hassalU^  'Senmtmn  (31),  pp.  2GC  and  271) 

Male : dorsal  plate  white,  variegated  with  brown,  a pair  of  short 
longitudinal  stripes  in  front,  .sometimes  meeting  the  ends  of  a median 
transvei'se  procurved  crescent ; on  each  side  of  the  latter  an  outwardly 
curved  stri])e,  and  behind  it  three  strij)es,  a median  long  one  and  a 
latei'al  short  running  forwards  from  the  posterior  submarginal  groove. 
Legs  brown,  with  white  distal  spot  on  all  segments  except  first  and  last. 
Dorsal  plate  finely  and  equally  punctured,  with  marginal  groove  con- 
tinued })osteriorly.  Eyes  fiat.  Coxa  of  first  leg  with  two  sj)ines,  the 
external  longer ; of  fourth  leg  with  one  spine,  shorter  than  the  segment. 
Length  and  width  of  dorsal  plate  about  5 mm. 

Female  : with  dorsal  j)Iate  brown  or  white,  with  brown  covering  the 
cervical  groove  and  the  ocular  area  as  in  the  male,  l)ors^d  plate  almost 
as  lojig  as  wide  (3  mm.),  subtriangular  rounded  behind,  the  postei’o- 
lateral  borders  nearly  straight,  sparsely  and  finely  ])unctured  except  on 
the  latei'al  area,  where  the  punctuations  are  numerous  and  deep.  Eyes 
towards  the  anterior  fourth  of  the  plate,  fiat.  Spines  on  coxa  of  first  leg 
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aljout  as  wide  as  long.  IjCngth  of  distended  female  up  to  :24  mm.;  width, 
15;  newly  emerged  female  a little  longer  than  male.  : broAvn, 

like  young  female;  2 mm.  long.  Larva,  '7  mm.  long. 

Widely  distributed  throughout  tropical  and  South  Africa.  It  trams- 
mits  “ heart-water  disease  ” in  sheep  and  goats  in  Cape  Colony  (Lounsbury 
(23)),  where  it  is  called  the  “Bout  or  Variegated  Tick.” 

Rhipicephalus  appendkulatns  Neumann  (32),  pp.  270  and  336 

Male  differs  from  that  of  R.  hurm  principally  in  the  following 
particulars  : — 1 )orsal  scute  not  quite  covering  the  lateral  i)ortions  of  the 
body  and  leaving  punctures  of  two  kinds,  some  minute  ami  numerous, 
mostly  anterior  and  continuing  the  marginal  grooves ; festoons  narrower, 
mostly  twice  as  wide  as  long,  the  median  continued  into  a conical 
caudal  process,  twice  as  long  as  wide.  In  front  of  the  festoons  three 
vdde,  short,  longitudinal  grooves.  Ventral  surface  iiearly  hairless  ; no 
external  adanai  s[)iniform  scleidte.  Length,  4 mm.;  width,  2-G  mm. 

Female  differing  from  that  of  R.  bursa  in  the  nature  of  the  punctua- 
tion of  the  dorsal  ])late,  which  is  more  regularl}'  oval ; eyes  larger  and 
more  ]:>osterior ; 2)orous  areas  of  capitulum  smaller.  Occurs  upon 
domestic  cattle  and  buffaloes  in  South  Africa,  and  infects  the  former  with 
the  spoi'ozoon  of  African  “coast  fev^er”  (Lounsbuiy  (24)).  In  South 
Africa  it  is  known  as  the  “Brown  Tick.” 

Rhijncephalus  bursa  Can.  and  Fanz.  ; Neumann  (30),  ]).  391 

Male : dorsal  plate  half  as  long  again  as  wide,  narrowed  anteriorly, 
reddish-l)rown,  covered  with  many  small,  equal,  and  close-set  punctures, 
with  eleven  festoons,  marginal  groove,  a short  median  groove,  and  two 
depressions  on  each  side  of  it.  Eyes  al>ove  the  posterior  border  of  the 
co.xa  of  the  second  leg.  Palj)i  with  postero- external  edges  of  second 
ami  third  segments  angular ; outer  border  of  first  segment  concave, 
gi\'ing  a constricted  appearance  to  the  palpi.  Lower  surface  beset  with 
fine  hails.  Adanai  plate  triangular,  with  equal  sides,  with  transverse 
posterior  border  and  anterior  apex  remote  from  the  last  coxa ; external 
to  it  a beak  spine.  Coxa)  of  last  three  jiairs  with  two  spines.  Length, 
4-5  mm.  ; width,  3 mm. 

Female  : distended,  ovoid,  nearly  equally  wide  at  the  two  extremities. 
Newly  emerged  oval,  hat.  Dorsal  jhate  oval,  with  sinuous  margins 
almost  as  wide  as  long ; eyes  near  the  middle  of  the  margin ; covered 
with  many  punctures  of  equal  size ; dorsal  integument  with  marginal 
groo\  e ; three  longitudinal  grooves  and  posteriorly  festooned  ; sometimes 
two  additional  grooves  in  front.  Spiracular  area  oval,  with  postero- 
external ])rolongation.  Coxm  of  last  three  paii’s  of  legs  with  a small 
antero-external  spine  and  a small  blunt  posterior  process.  Length  of 
distemled  female  up  to  17  mm. ; width,  9 ; newly  emerged  female  4 711111. 
long  by  2 mm.  wide. 

This  species  is  distributed  all  over  .\frica,  in  S.  Europe,  the  West 
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Indies,  ;uul  the  Malayan  Arcliipelago.  It  has  been  taken  off  horses, 
cattle,  shee[),  deer,  and  dogs.  In  Europe  it  conveys  Piroplasma  oru,  the 
cause  of  “heart-water”  in  sheep  (Motas  (28)). 

Jihipicephalvs  simus  Koch  ; Neumann  (30),  p.  394 

Male  : dorsal  plate  nearly  twice  as  long  as  wide,  slightly  convex, 
shining,  brown,  a deep,  strongly  lumctnrcd  marginal  gvooxo,  and  four 
longitudinal  series  of  coarse  punctures  ; lateral  border  and  festoons  un- 
punctured. Eyes  Hat.  Lower  surface  finely  {)unctui'ed  with  scattered 
hairs  ; adanal  plate  tiiangular,  its  inner  edge  excavated,  outer  edge 
slightly  convex,  posterior  edge  oblicjue ; a longish  external  spiniform 
process.  Coxm  of  last  three  pair  of  legs  with  two  spines.  Length,  4 
to  ()  mm.,  width  2'2  to  3'5  mm. 

Female  : uniforndy  brown,  dorsal  plate  scarcely  or  not  longer  than 
wide,  with  numerous  punctuations  unequal  in  size,  the  finer  not  con- 
spicuous ; eyes  Hat,  a little  behind  the  middle  of  the  border.  Space 
between  the  i>orous  areas  of  the  capitulum  eqmd  to  their  diameter. 
Length  of  newly  emerged  female  G mm.,  width  3 mm.,  distended  12 
mm.  long,  S'o  wide.  This,  like  other  members  of  the  genus,  is  originally 
African.  It  is  met  with  on  large  carnivora  and  herbivora,  and,  like 
A’.  appeniHcnhdu.%  infects  cattle  with  “coast  fever”  in  South  Africa,  Avhere 
it  is  commonly  called  the  “Black-pitted  Tick.” 

Marffaropns  annnlatus  Say;  Neumann  (30),  p.  407 

Male : dorsal  })late  oval,  narrowed  anteriorly,  widest  opposite  the 
stigmata,  reddish-l)rown  ; beset  with  relative!}'  large  punctures  ; marked 
posteriorly  with  three  grooves  ; festoons  scarcely  marked.  Eyes  often 
inconspicuous.  Ventral  .surface  hairy ; furnished  with  two  very  large 
subequal,  suKsimilar  adanal  plates,  on  each  side  extending  from  the 
])Osterior  cox;e  far  behind  the  anus.  Coxm  of  fii.st  leg  with  a blunt 
antei'ior  process  and  posterioily  biHd  ; remaining  coxa?  with  weak  anterior 
spine.  Length,  about  2‘25  ; width,  L25  mm. 

Female  : elliptical,  as  wide  in  front  as  behind,  uniformly  coloured, 
with  three  integumental  gi-ooves.  Doi’.sal  plate  small,  longer  than  wide, 
rounded  behind,  its  edges  parallel  anteriorly.  Eyes  small  in  the  anterior 
third  of  the  lateral  margin.  (Tenital  orifice  small,  between  the  anterior 
cox;e  and  in  front  of  the  genital  grooves.  Length  iqi  to  about  13  mm., 
width  7 ‘5  mm. 

This  species  is  widely  distributed  south  of  about  the  40th  parallel  of 
north  latitude.  It  is  parasitic  in  its  adult  stages  upon  large  mammalia, 
principally  domestic  cattle. 

The  following  vaileties,  differing  fiom  the  type  in  characters  of 
relatively  small  impoitance,  have  been  described: — (1)  Typical  form 
from  N.  America  and  Mexico;  (2)  var.  xointhcinis,  Mexico,  W.  Indies, 
and  8.  America;  (3)  var.  arrientinus,  Buenos  Ayres;  (4)  var.  decoJorafus 
(Blue  Tick),  8.  Africa;  (5)  var.  australis,  Australia;  (G)  var.  caudntus. 
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Japan;  {1 ) \cii\  adcarat us,  8.  Europe,  N.  Africa.  Firoplasrm  bic/endimiu, 
the  sporozoon  carried  by  this  tick,  ju'odnces  the  disease  known  amongst 
English-speaking  j)eople  as  “Texas”  or  “red- water  fever,”  and  cis  “la 
Tristeza  ” in  8.  America. 

LIFE-HISTORY  OF  TICKS 

The  habits  and  development  of  llhipicephalus  appendiculutus  have  been 
worked  out  in  detail  (see,  for  example,  Theiler  (44-)),  and  will  serve  to 
illustrate  the  life-history  characteristic  of  many  species  of  Exodida^. 

E(i(is  and  Oviposition. — The  gorged  and  fertilised  female  falls  from  her 
host  to  the  soil,  and  after  a short  delay  begins  to  la}"  her  eggs  in  a 
sheltered  spot.  At  the  end  of  this  operation,  which  may  last  .several 
weeks,  she  dies.  The  eggs,  numbering  several  thousands,  are  oval  in 
shape  and  adherent.  Development  lasts  al)Out  sixty  days  or  less,  accoi’ding 
to  conditions.  The  newly  hatched  and  minute  young,  known  as  the  larra, 
has  only  three  pairs  of  legs  and  is  without  genital  and  s[>iraculai-  orifices. 
W ith  the  hardening  of  the  integument  the  larva  gains  strength  and 
activity,  and,  climbing  on  to  the  herbage,  waits,  with  outstretched  leg.s, 
for  passing  cattle.  Having  found  a host,  he  becomes  engorged  in  abmit 
•si.x  <lays,  then  drops  to  the  ground,  and  lies  doi'inant  foi'  about  four 
weeks  to  prepare  for  moulting.  The  larval  skin  is  then  cast  and  the 
ni/mph,  with  four  pairs  of  legs  and  spii-acular  orifices  but  no  genital 
aperture,  emerges.  Its  behaviour  is  like  that  of  the  larva ; having 
secured  a host  in  the  same  way,  it  becomes  distended  with  blood  in  a 
week  or  ten  days,  then  falls,  and  hides  away  for  about  one  month,  while 
the  metamorphosis  into  the  adult  is  being  completed.  The  nymjJial  .skin 
is  then  shed,  and  the  mature  tick  appears  with  genital  orifice  and 
secondary  sexual  characters  typical  of  the  male  or  female.  Both  larva 
and  nymph  have  the  dorsal  plate  relatively  larger  than  in  the  female, 
but  smaller  than  in  the  male. 

The  mode  gf  securing  a host  by  the  adnlt  is  a repetition  of  that  of  the 
larva  or  nymph.  After  feeding  for  a day  or  two  the  sexes  ])air,  the  male 
for  that  purpo.se  quitting  his  hold  of  the  host  to  insert  his  month-parts 
(?  containing  spermatophors)  into  the  genital  orifice  of  the  female,  who 
remains  the  while  with  her  hypostome  and  chelicerm  fiianly  embedded. 
Lhe  male  alters  but  little  in  aj)pearance  from  feeding,  but  the  female 
becomes  enormously  swollen  before  dropping  to  the  ground,  usually  af'tei- 
about  five  days  of  gorging,  to  commence  laying  her  eggs.  The*  males 
may  i-emain  on  the  host  for  several  months  after  the  females  have  left. 

rims  in  nppnidicuhtns  each  individual  in  the  course  of  its  existence 
must  find^a  host  three  times,  namely,  in  its  larval,  nym])hal,  and  adult 
stages,  d his  appears  to  1)e  true  of  the  majority  of  species.  It  is  true, 
for  instance,  of  R.  dmiis,  of  Ilxmaphiisalis  leachi,  and  very  probably  of 
nmimrmtnr  r(dicnlatns  \ but  not  of  ail.  In  R.  humc  for'e.xample,  the 
transformation  of  the  larva  into  the  nymph  takes  place  upon  the  host, 
the  larva  remaining  adherent  Avhile  the  moult  is  effected.  The  nymph’ 
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however,  falls  to  the  ground  to  uiulei-go  its  hiial  metamorjihosis  (Motas). 
This  tick,  therefore,  must  secure  a host  twice ; first  as  a larva,  second  as 
an  adult.  From  this  we  pass  to  Murgaropw<  tinmdafu!<,  in  which  the 
transformations  both  of  larva  into  nymph  and  of  nymph  into  adult  occur 
upon  the  same  beast.  Once  only,  therefore,  namely  in  its  larval  stage, 
has  this  species  to  find  a host.  Thus,  a complete  gi'adation  illustrating 
the  progressive  evolution  of  parasitism  may  be  traced  backwards  from 
M.  atmulafus,  in  which  both  moults  are  eflected  upon  the  host,  through  J!. 
bur.-^a,  in  which  the  first  moult  takes  place  upon  the  host  and  the  second 
upon  the  ground,  to  B.  appendiculatu.-^,  in  which  both  moults  occui'  on  the 
ground.  A further  stage  is  exemplified  l)y  llyalomma  (fgifftimn,  a common 
cattle  tick,  but  one  as  yet  free  from  suspicion  of  being  ])athogenetic, 
which  is  alleged  to  be  parasitic  only  in  its  mature  condition.  Finally, 
there  is  the  case  of  Ornithodoros  moubata,  in  Avhich  the  larval  stage  is 
pa.ssed  within  the  egg-shell.  The  rupture  of  the  shell  and  the  larval 
moult  take  ])lace  at  the  same  time,  so  that  the  nymph  in  reality  emei-ges 
from  the  shell  (Dutton  and  Todd). 

rUality  and  Lonyerity. — Ixoilida?  are  intolerant  of  dryness  and  soon 
die  if  kept  without  moisture,  which  is  probably  essential  for  respiration. 
On  damp  soil,  however,  they  may  survive  a considerable  time  without 
feeding.  Jiaiwm  and  nymphs  of  Ivodrs  ricinus,  the  English  sheep  tick, 
have  been  kept  alive  in  damp  moss  for  eighteen  and  nineteen  months 
respectively.  Some  distended  nymph.s,  after  twelve  months'  confine- 
ment, moulted  into  the  adult  stage  and  lived  thereafter  fifteen  months, 
thus  proving  their  capacity  to  exist  without  a fresh  supply  of  food  for 
two  years  and  three  months  (Wheler  -15).  Similar  experiments  upon 
tropical  species  have  shewn  that  larvai,  nymj)hs,  and  adults  may  be  kejit 
alive  unfed  for  several  months  in  a damp  environment.  Megniii,  indeed, 
had  in  his  possession  examples  of  Argus  persicus  which  were  still  alive 
after  four  years’  starvation.  From  these  data  it  is  evident  that  there  is 
no  pressing  necessity  to  secure  a host  by  ticks  living  in  their  natural 
surroundings,  except  in  so  far  as  they  are  saved  thereby  fi’om  destruction 
by  insectivorous  enemies  or  inimical  climatic  conditions.  Feeding,  how- 
ever, at  least  in  a great  Tuajority  of  cases,  appears  to  be  essential  for 
growth  and  exuviation. 

Strongly  contrasted  with  the  longevity  which  accompanies  starvation 
and  arrest  of  growth  is  the  brief  diiration  of  life  when  feeding  and 
growth  are  unhindered.  In  the  case  of  JL  appendimhdus  it  appears 
that  the  total  length  of  life  from  the  hatching  of  the  larva  to  the 
commencement  of  oviposition,  after  which  the  female  dies,  averages 
about  eleven  weeks,  a period  probably  not  longer  than  that  for 
which  a larva  or  nymph  might  .survive  unfed  under  favourable  con- 
ditions. Very  much  shorter- lived  is  the  South  African  variety  of  M. 

annulntus,  which  passes  its  whole  life  upon  the  same  host,  oidy  three 
Aveeks  being  required  from  the  hatching  of  the  egg  to  arrival  at  maturity 
(Di.xon  and  Spreull). 

Fertility. — Ixodidae  are  extraordinarily  fertile.  The  number  of  eggs 
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produced  by  ;i  female  at  a single  laying  has  been  variously  computed  at 
from  several  to  twenty  thousand  [Barber  (1)].  Since  fertility  is  a 
measure  of  mortality,  the  two  varying  directly,  it  is  evident  that  the 
destruction  of  these  ticks  at  some  period  of  their  life-history  must  be 
enormous ; and  since  it  is  probable  that  comparative  safety  is  secured 
when  a host  has  been  found,  it  may  be  inferred  that  the  dangers  to 
which  they  are  sul)jected  fall  upon  them  pi  incipally  during  development 
in  the  egg  or  during  the  quiescent  stages  preceding  exuviation. 

A marked  exception  in  the  matter  of  fertility  is  Ondthodm-os  mouhata, 
which,  according  to  Dutton  and  Todd,  lays  at  most  only  about  one 
hundred  and  forty  eggs.  This  relatively  low  grade  of  fecundity  is 
correlated  with  a mode  of  life  and  environment  very  different  from  those 
characteristic  of  the  Ixodidse.  This  animal  lives  in  native  huts  in 
tropical  Africa.  It  hides  during  the  day  in  the  dust  and  straw  on 
the  boor  or  in  crevices  in  the  muddy  walls,  and  comes  out  at  night  to 
suck  the  blood  of  sleeping  inmates.  It  does  not  appear  to  differ  greatly 
in  its  habits  from  the  common  bed-bug  (Ciinex  lectularim).  By  the 
nature  of  its  habitat  it  is  no  doubt  saved  from  a large  percentage  of  the 
destructive  agencies  to  which  field  ticks  succumb. 

Stai/es  of  Groivth  and  Infection. — The  stages  of  growth  at  which  ticks 
are  capable  of  giving  rise  to  spirillosis  or  piroplasmosis  vaiy  in  different 
cases  according  to  the  specific  nature  of  the  pathogenetic  organism.  In 
j\I.  anmdatus  it  has  been  proved  experimentally  and  independently  by 
Smith  and  Kilborne  in  North  America,  by  Lignieres  in  the  Argentine,  and 
by  Koch  in  Africa,  that  when  larvae  hatched  from  eggs  of  females  fed  on 
infected  cattle  are  placed  on  healthy  bea.sts,  “Texas”  or  “ red-water 
fever”  appears  in  due  course.  On  the  other  hand,  in  Iihijncephalus 
bursa  both  larvic  and  nymphs  hatched  from  eggs  laid  by  females  gorged 
on  the  blood  of  diseased  sheep  are  incapable  of  infecting  members  of  a 
healthy  flock.  Only  the  sexually  mature  individual  is  capable  of  conveying 
the  malady.  In  this  instance,  as  in  that  of  M.  annulatns,  the  sporozoa  pass 
from  the  mother  tick  into  her  eggs,  and  thence  to  the  larvm  ; but  whereas 
in  M.  anmdatus  they  are  transmitted  by  the  larva  into  the  blood  of 
cattle,  in  R.  bursa  and  H.  lenchi  they  remain  quiescent  and  harndess 
through  the  larval  and  nymphal  stages,  oidy  becoming  pathogenetically 
active  wlmn  the  sexually  mature  condition  is  reached. 

B.  I.  PococK. 
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TRYPANOSOMIASIS 

By  J.  \X.  XV.  Stei'HENs,  M.D. 

The  first  case  of  human  trypanosomiasis  or  trypanosome  fever  in  a 
Kuropeaii  was  that  described  by  Dutton.  The  peculiar  symjjtoms 
exhibited  by  this  case  were — (1)  Irregular  patches  of  a congested  or 
cyanosed  character  appearing  on  tlifferent  parts  of  the  body,  the  colour 
slowly  I'eturuing  after  pressure ; (2)  an  mdematous  condition  most 

marked  on  the  face  below  the  eyes,  varying  in  degree  from  a scarcely 
noticeable  swelling  to  well-marked  pufhness ; (3)  an  increase  in  the 
respirations  to  twenty  or  thirty,  periodical  accelerations  occurring  cpiite 
independently  of  any  rise  in  temperature ; (4)  an  increase  in  the  pulse- 
rate  from  seventy  to  one  hundred  and  twenty,  the  increase  shewing  no 
relation  to  the  temperature ; (5)  an  irregular  intermittent  temperature, 
with  a few  days  of  normal  and  subnormal  temperature.  To  this  list 
of  sym])toms  must  be  added,  in  the  light  of  subsequent  investigation, 
enlarged  glands.  Though  not  noticeably  enlarged  in  this  classical  case, 
yet  in  enlarged  glands  we  have  perhaps  the  most  valuable  means  of 
making  a certain  diagnosis  in  the  early  stages  at  least,  for  later  they 
appear  to  diminish  again.  For  many,  if  not  all,  of  the  above  S3’mptonis 
Tuay  be  absent,  and  we  may  be  confronted  with  an  illness  in  which 
pi’actically  the  only  definite  .sign  is  an  evening  rise  of  tem])eralure. 
Trypanosome  fever  is  caused  In'  T.  gamhiense,  and  naturally,  in  making  a 
diagnosis,  one  would  turn  to  the  Idood  examiimtion.  But  here  we  are 
met  with  the  difficultv',  that  for  long  periods  the  trypanosome  may 
evade  detection.  It  would  appear  from  the  observations  of  Thomas 
and  Breinl  that  the  trypanosomes,  at  least  in  natives,  have  a periodicity, 
i.e.  they  are  absent  for  perhaps  months,  and  then  appear  in  tlie  blood, 
perhaps  only  in  scanty  numbers  foi‘  a day  or  more,  to  disappear  again 
subsequentlv. 

Erdarged  glands  are  perhaps  one  of  the  earliest  signs  of  the  disease, 
and  from  the  observations  of  Greig  and  Gray,  Dutton  and  Todd,  it 
appears  that  by  puncture  with  a hypodermic  needle  the  try])anosomes 
can  almost  invariably  be  found  in  the  glands.  In  some  cases  certain  of 
the  symptoms  of  sleeping  sickness  are  observed,  e.g.  apathj',  feeble 
memory,  somnolence,  and  pruritus.  The  disease  is  transmitted  by  one  of 
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tlie  tsetse-flies,  viz.  Glossina  jialjiults  {ride  jj.  183) ; but  other  s^Decies  also, 
at  present  unknown,  are  carriers. 

Diagnosis. — The  question  will  at  first  arise  whether  the  case  is  one 
of  an  irregular  temperature  due  to  malaria.  The  absence  of  malaria 
paiasites  (provided  no  quinine  is  being  taken),  and  the  failure  to  control 
the  temperature  by  quinine  will  negative  this  cause.  In  case  trypano- 
somes cannot  be  found  even  in  centrifugalised  citrated  blood,  recoui-se 
shoidd  be  had  to  gland  puncture,  e.g.  the  posterior  cervical  lymphatic 
glands. 

Prognosis. — This  is  gi-ave  in  the  European,  though  ai)parently 
recovery  may  occur.  The  disease  may  terminate  in  sleeping  sickness,  oi- 
by  intercurrent  disease. 

Treatment. — 'The  only  drugs  that  have  been  found  to  be  of  value  ai  e 
arsenic  and  an  aniline  body  called  by  Ehrlich  “ trypanred.”  Thomas 
recommends  a meta-aniline  arsenic  compound  called  “atoxyl,”  or  the  com- 
bined use  of  this  and  trypanred.  The  dosage  of  atoxyl  for  man  is  not 
as  yet  accurately  determined ; but  Thomas  recommends  5 c.c.  of  a 5 
per  cent  solution  to  be  administered  twice  a week,  intravenously  if 
possible.  The  dose  should  be  increased  gradually  so  long  as  no  bad 
.symptoms,  e.g.  headache  and  nausea,  appear ; and  in  all  cases  must  be 
given  in  as  high  a dose  as  possible,  and  over  extended  periods,  j^robably 
of  a year  or  more.  Trypanred  may  be  given  in  the  form  of  a pill  (of 
f)  grains).  The  success  of  both  these  di'Ugs,  so  far  used  oidy  in  the  treat- 
ment of  animal  trypanosomiasis,  is  moreover  only  a partial  one,  but  they 
are  the  oidy  ones  at  our  disposal.  Trypanred,  moreover,  stains  the  tissues 
(of  animals)  during  life,  and  the  physician  must  decide  between  this 
olqectionable  ])roperty  and  the  possibility  of  recovery  in  an  otherwise 
almost  certainly  fatal  disease.  (For  a further  account  of  trypanosomiasis 
viile  under  Sleeping  Sickness,  and  for  a description  of  trypanosomes,  ]).  20.) 

J.  W.  W.  Stephens. 
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SLEEPING  SICKNESS 

By  G.  C.  Low,  M.B. 

Synonyi\[S. — Native  names: — In  Uganda,  Mongofa  {I'd  nod)  \ on  the 
Congo  as  Tela  Kwa  Tula,  Mammgina,  Lalangolo,  N’lan.d,  or 
N’fola  ■,  Ndavane  (of  the  AVolofs) ; Jhdane  (of  the  Serei'es) ; 
J 01  uahebue  (of  the  IMendehs).  Eui'opean  names: — Sleeping  dropsij, 
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neip'o  lethariii/,  African  letharcjij,  ulfrican  meningitb,  ]\[aladic  dii 
Somincil,  Maladie  dcs  Doriimirs,  die  Schlafkranl'heit  der  Keger,  Malattia 
del  Soituo,  Doenca  de  Somno,  Eiifermedad  del  SiieFio. 

Definition.  — An  endemic  disease  of  difterent  parts  of  eciuatorial 
Africa,  character'':ed  by  a gradually  increasing  lethargy,  mental  and 
physical  degeneration,  elevated  evening  temperatures,  rapid  pulse,  pro- 
gressive emaciation,  tremors  ; after  running  an  acute  or  chronic  course 
ic  almost  invariably  terminates  fatally. 

History. — The  first  recorded  account  of  this  disease  was  published  by 
Winterbottom  in  1803  in  a papei'  entitled  “An  Account  of  native  Africans 
in  the  neighboui'hood  of  Sierra  Leone.”  Later  in  1868  Dumontier  and 
Santelli  independently  wrote  on  the  subject,  and  in  the  following  year 
Guerin  described  cases  seen  in  the  West  Indies  among  imported  slaves. 
Corre,  who  personally  investigated  sleeping  sickness  in  parts  of  Sene- 
gambia  in  the  seventies,  Avas  the  first  to  give  a fairly  accurate  and  com- 
plete account  of  the  malady,  but  as  his  investigations  took  place  before 
the  more  recent  and  important  advances  in  neurology  were  made,  his 
account  of  many  of  the  symptoms  is  necessarily  imperfect. 

In  1891  Sir  S.  Mackenzie  published  the  recorcl  of  a case  Avhich  Avas 
under  his  care  in  the  London  Hospital,  and  in  1900  Sir  P.  Manson  (24) 
gave  complete  descriptions  of  tAvo  cases  in  Charing  Cross  Hospital,  sent 
from  the  Congo  by  Dr.  Grattan  Guinness.  The  pathology  of  these  latter 
cases  AA^as  very  thoroughly  Avorked  out  l)y  Di\  Mott,  Avho  first  accurately 
described  the  pathological  histology,  and  pointed  out  that  the  lesion  Avas 
one  of  the  nature  of  a meningo-encephalitis. 

IMore  recently  a severe  outbreak  of  sleeping  sickness  in  Uganda  has 
again  attracted  much  attention  to  the  subject,  and  many  observers  have 
lately  advanced  our  knoAvledge  of  the  symptoms  and  etiology  of  the 
disease  very  considerably. 

In  Senegaml)ia  IMarchoux  and  Dantec,  in  Portuguese  M^est  Africa 
Cagigal  and  Lepierre,  and  a Portuguese  Commission  have  all  paid 
special  attention  to  the  etiology.  Brodin  on  the  Congo,  Cook,  Mofl'at, 
and  Hodges  in  LTganda  have  also  contributed  papers  on  the  subject, 
chiefly  dealing  Avith  the  pre\'alence  and  distribution  of  the  disease  in 
those  parts. 

In  1902  the  Koval  Society,  in  conjunction  Avith  the  Foreign  Office, 
sent  out  a special  commission  to  Uganda  to  investigate  the  cause  of  the 
disease,  and  subsequent  ones  have  folloAved  this  first  one  to  continue  the 
investigations  and  conduct  further  research  on  the  spot.  In  1903  the 
Liverpool  School  of  Tropical  Medicine  sent  out  an  expedition  for  similar 
2Jurposes  to  the  Congo,  and  their  report  A\'as  published  in  1906. 

Geographical  Distribution. — The  endemic  area  of  sleejnng  sickness 
is  limited  to  parts  of  equatorial  Africa,  and  it  has  never  been  knoAvn  to 
affect  any  one  who  has'not  atone  time  or  another  been  resident  Avithin 
this  area. 

The  scanty  information  formerly  available  referred  jArincipally  to 
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places  near  the  coast,  but  lately  Sir  P.  Maiison,  from  information  from 
the  Congo,  has  narrated  accounts  of  the  epidemic  prevalence  of 
sleeping  sickness  far  in  the  interior  of  the  continent.  He  says  it  is 

especially  prevalent  in  the  districts  of  Baol  and  Sin  on  the  Senegambia 
coast,  and  is  also  found  on  the  Kio  Grande,  at  Sieri’a  Leone,  at  Cape 
Mesurado  in  Liberia,  on  the  Spice  Coast,  the  Ivory  Coast,  the  Gold  Coast, 
at  Fernando  Po  and  other  islands  in  the  Bight  of  Biafra,  in  the  Gaboon 
region,  along  the  valley  of  the  Ogooub,  in  the  Canieroons,  in  the  F'rench 
Congo,  and  at  St.  Paul  de  Loanda,  and  other  parts  of  Portuguese  AVest 
Africa.  It  ajijiears  to  l>e  rare  at  the  mouth  of  the  Congo,  but  is  e.xtremely 
prevalent  at  many  places  on  the  lower  reaches,  particularly  on  the  south 
side  of  the  river,  at  Mbanza  Alanteka  and  Mukimlmngu,  for  example ; 
and  also  somewhat  farther  south,  at  San  Salvador  in  Portuguese  territory. 
It  occurs  intermittently  as  one  advances  up  the  river,  and  at  Lukolula, 
300  miles  above  Stanley  Pool,  it  is  said  to  be  much  dreaded  by  the 
natives,  Glave  remarking  of  this  district  that  the  bitterest  malediction 
one  negro  can  pronounce  on  another  is  Oim  na  n’iolo — “May  you  die  of 
sleeping  sickness.”  Recently  Dr.  Todd  has  shewn  that  the  opening  uj)  of 
the  counci-y  has  caused  an  alarming  spread  of  the  disease  towards  the 
upper  reaches  of  the  river. 

In  1900  Cook  first  discovered  that  sleeping  sickness  existed  in 
Uganda,  and  since  that  date  the  disease  has  spread  widel}^,  keeping,  how- 
ever, more  or  less  limited  to  the  north  shore  of  the  Victoria  Nyanza  Lake. 
The  epidemic  apparently  started  in  Usoga,  and  from  this  centre  has 
sjDread  to  the  north  of  Buddu  in  the  west,  and  down  to  Kisumu,  the 
rail -head  in  the  east.  Northwards,  Cook  has  recorded  cases  from 
Iviadondo,  but  it  does  not  seem  to  have  spread  much  in  this  direction, 
as  it  is  unknown  in  some  of  the  northern  ])i-ovinces,  and  in  Unyoro. 
But  (juite  recently  it  has  spread  from  Uganda  to  the  districts  about  the 
Albert  Lake.  .Southwards,  in  1902  it  had  not  crossed  the  Katonga  rivei' 
in  tlie  west,  but  had  crossed  Kavirondo  Bay  and  extended  down  almost  to 
the  Kuya  river  in  the  east.  Its  centre  of  virulence  has  been  in  LIsoga,  in 
Chagwe,  around  Entcl)be,  the  seat  of  the  government,  and  also  in  all  the 
islands  adjoining  the  mainland,  from  the  Sese  group  in  the  Avest  to  the 
Kavirondo  islands  in  the  east,  .some  of  tho.se  latter  areas  having  been 
decimated  by  this  scourge.  So  far  it  has  not  been  reported  in  German 
East  Africa,  and  it  is  unknown  among  the  Nandi  and  Masai  tribes  who 
inliabit  the  territories  of  British  East  Africa  east  of  Kisumu.  The  limits 
of  the  area  of  sleeping  sickness  extend,  therefore,  from  Senegal  in  the 
north  to  San  Paolo  de  Loando  or  even  beyond  in  the  south,  the  Congo 
river  and  Uganda  also  being  affected.  It  Avoidd  seem  jn'obable,  there- 
fore, that  as  our  knowledge  of  Africa  extends,  this  disease  Avill  be  found 
endenuc  here  and  there  throughout  the  basins  of  the  Senegal,  the  Niger, 
tlm  iSile,  the  Congo,  their  affluents,  and  in  the  hinterlands  of  most  of  the 
A\  est  Coast  areas  contained  between  the  above  mentioned  limits.  Its  dis- 
tribution ill  the  endemic  area  is  sometimes  capricious.  On  the  Avest  coast 
of  Afiica  and  the  Congo  it  appears  to  pick  out  a A'illage  here  and  there, 
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(.lecimating  the  inhabitants,  whilst  neighbouring  villages  niciy  be  absolutely 
or  relatively  immune.  Corre  mentions  that  the  garrisons  of  Joal  and 
Portudal  in  Senegambia  are  e.xceedingly  liable  to  the  disease,  and  that 
when  it  breaks  out  in  the  neighbouring  districts  the  villagers  abandon 
their  homes — so  great  are  its  ravages,  and  so  much  is  it  dreaded.  The 
late  Dr.  AValfrideson  stated  that  in  M’ukimbungu,  a small  village,  several 
deaths  sometimes  occur  in  a week,  and  that  few  weeks  pass  without  a 
death  from  this  cause,  whereas  in  other  villages  not  very  far  away,  the 
disease  is  known  only  by  hearsay.  There  are  also  very  large  districts 
within  the  endemic  limits  where  it  rarely  if  ever  occurs,  for  example,  the 
Niger,  parts  of  the  Gold  Coast,  and  Lagos. 

In  the  days  of  the  slave-trade  a considerable  proportion  of  the  mor- 
tality among  the  slaves  during  the  voyage  across  the  Atlantic  was  said 
to  be  due  to  sleeping  sickness.  Aloreover,  we  have  evidence  that  the 
liability  to  the  disease  persisted  after  the  slaves  had  landed  in  America ; 
remaining  dormant,  as  it  were,  to  shew  itself  later,  perhaps  not  until 
after  several  years  of  good  health.  Such  a case,  according  to  Sir  P. 
Manson,  occurred  some  years  ago  in  England.  A negro  boy  from  the 
Congo  died  of  the  disease  at  a training  school  at  Colwyn  Bay,  North 
AA'ales,  although  he  had  resided  for  three  years  in  this  coui\try  in  good 
heidth  before  the  symptoms  declared  themselves.  Recently  white 
people  have  died  of  sleeping  sickness  in  England  and  Belgium,  but  in 
every  case  only  after  having  lived  for  some  period  in  an  endemic  area. 
The  same  applies  to  the  negroes  imported  to  the  AA^est  Indies  in  the  old 
days ; only  those  who  had  lived  in  Africa  acquired  the  disease,  nor  did 
it  spread  to  the  indigenous  native ; in  Martinique,  according  to  Guerin 
who  studied  the  complaint  there,  it  did  not  occur  in  negroes  who  had 
been  resident  on  the  island  for  more  than  ten  years. 

Loral  iJidribulioH.  — AValfrideson,  writing  of  the  disease  as  seen 
on  the  Congo,  states  that  several  cases  may  occur  in  the  same  families 
and  among  brothers  and  sisters,  that  a father  and  mother  may  die  from 
the  disease,  and  subsequently  some  of  the  children  develop  it  after  an 
interval.  On  the  other  hand,  it  may  happen  that  the  children  suffer 
while  the  parents  do  not,  but  the  commonest  sequence  of  events  is  for 
individuals  to  be  picked  out  singly  in  families  exposed  to  the  same  con- 
ditions. Corre’s  testimony  is  to  the  same  effect,  and  the  same  holds 
good  for  Uganda. 

Predisposing  Causes. — Age,  sex,  and  occupation  have  little  influence, 
either  as  regards  liability  or  immunity.  According  to  AValfrideson 
the  age-incidence  is  mainly  between  five  and  fifteen,  veiy  old  people- — 
that  is,  above  forty — appearing  to  l)e  exemj)t.  CDire  places  the  period 
•of  greatest  liability  from  the  twelfth  to  the  nineteenth  year.  In  Uganda 
the  disease  is  frequent  in  young  children  and  middle-aged  individuals. 
It  is  also  seen,  however,  in  natives  well  over  forty.  No  age  seemed  to 
be  exempt.  liace  is  now  known  not  to  play  an  important  part.  Any 
one  is  liable  to  accpiire  sleeping  sickness,  but  as  the  negro  is  moio  ex- 
posed to  the  cause,  he  gets  it  much  oftener  than  the  European,  who 
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rlresses  in  clothes  and  lives  a more  hygienic  life  in  better  surroundings. 
In  the  older  days  Corre  heard  of  a case  in  the  person  of  a European,  and 
he  saw  it  in  a Moor.  Chassaniol  refers  to  a case  occun-ing  in  the  person 
of  a mulatto.  Recently  many  cases  have  been  reported  in  Europeans, 
notably  one  of  an  English  lady  at  the  London  School  of  Tropical 
Medicine,  several  from  Uganda,  including  Lieut.  Forbes  Tulloch,  who  is 
supposed  to  have  inoculated  himself  while  performing  an  autopsy  on  a 
trypanosome-infected  rat,  a few  in  Belgium,  and  in  1905  a Frenchman 
in  Paris. 

Etiology. — ]\Iany  different  hypotheses  have  been  brought  forward  to 
explain  the  genesis  of  sleeping  sickjiess.  The  first  observers  believed 
that  it  might  oi'iginate  from  emotional  distress  connected  Avith  negro 
slavery,  Avhile  others  considered  it  only  a form  of  sunstroke  or  a variety 
of  beri-beri,  malaria,  or  scrofula.  More  recent  opinions  haA'e  connected 
it  with  an  intoxication  of  food,  animal  parasites,  bacteria,  and  protozoa. 

Food  Intoxication. — Some  Portuguese  investigators,  and  more  recently 
Ziemaun,  have  regarded  sleeping  sickness  as  a sort  of  intoxication — the 
latter  considering  it  a manioc  intoxication  comparable  to  pellagra,  a 
disease  usually  referred  to  the  ingestion  of  diseased  maize.  There  is 
little  to  be  said  in  favour  of  this  idea. 

Animal  Parasites — Fdaria  perstans. — Sir  P.  Manson  (23),  remarking 
the  singular  correspondence  between  the  distribution  of  the  disease  and 
that  of  Filaria perstans,  suggested  that  this  nematode  parasite  might  in  some 
way  be  responsible  as  an  etiological  factor.  More  extended  obseiu'ations 
have  shewn  that  this  is  not  so.  Areas  such  as  British  Guiana,  Avhere 
Filaria  p>erstans  is  very  common,  have  no  sleeping  sickness,  while,  con- 
versely, areas  where  sleeping  sickness  is  abundant  may  shew  no  Filariae. 

Stronghjnides  stercoralis. — The  embryo  of  this  worm  was  considered 
by  Forbes  as  the  cause  of  sleeping  sickness ; the  parasite,  according  to 
Tessier,  penetrated  the  mucous  membrane  of  the  intestines,  and  thus 
reached  the  general  circulation,  where  it  was  retained  in  the  cerebral 
vessels. 

Anki/lostoma  duodenale.  — Ferguson,  on  very  insufficient  grounds,  be- 
lieved that  this  parasite  might  be  responsible  for  the  disease. 

Bacteria. — Cagigal  and  Lepierre  announced  in  1897  that  they  had 
isolated  from  the  blood  of  a patient  suffeiing  from  sleeping  sickness  a 
bacillus  which,  Avhen  injected  into  animals,  reproduced  the  disease ; this, 
however,  Avas  not  confirmed  later  by  Brault  and  Lapin.  Subsequently, 
Marchoux  stated  that  Friinkel’s  diplococcus  was  the  responsible  agent, 
basing  this  vieAv  on  the  facts  that  at  a post-mortem  examination  of  a 
case  of  sleeping  .sickness,  complicated  Avith  pericarditis,  the  diplococcus 
AAms  present  in  the  exudate,  and  that  in  a second  case,  complicated  by 
chronic  rhinitis,  the  same  micro-organism  AA\as  present.  More  recently 
Brodin,  of  the  Bacteriological  Laboratory  at  Leopoldville,  described  a 
bacillus  as  the  cause.  This  organism  AV’as  constantly  present  in  the 
blood  of  all  his  patients,  but  aa^s  not  agglutinated  by  the  blood  of 
patients  suffering  from  the  disease. 
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Following  on  this  observution  a Portuguese  commission,  sent  out  to 
Africa  to  study  the  disease,  found  a diplo-streptococous  constantly  ]>resent 
after  death,  in  the  cerebrospinal  fluid.  This  could  also  be  found  during 
life  in  the  cerebrospinal  fluid  removed  by  lumbar  puncture,  and  was  con- 
sidered to  be  the  cause  of  the  disease.  According  to  cultural  methods 
the  organism  io  different  from  the  ordinary  streptococcus,  the  chief  points 
of  distinction  being  its  slower  growth  on  gelatin  and  the  other  usual 
media.  In  the  following  year  Castellani  in  Uganda  found  the  same 
organism.  Out  of  39  cases  he  grew  it  from  the  blood  of  the  heart  in 
32,  and  from  the  licpiid  of  the  lateral  ventricles  of  the  brain  in  30. 
During  life,  however,  he  found  the  germ  more  rarely,  and  stated  that  it 
was  usually  only  present  during  the  later  stages ; on  this  point  he 
differed  from  the  Portuguese  commission. 

rroto'oa. — In  Xovember  1902  Castellani,  on  examining  the  cerebro- 
spinal fluid  of  cases  of  sleeping  sickness  for  organisms,  detected  the 
presence  of  ti-ypanosomes  in  this  fluid.  Further  examinations  of  different 
cases  shewed  the  same  parasite,  and  its  presence  was  also  detected  in 
the  blood.  Col.  Bruce,  Drs.  Xalmrro  and  Greig,  who  formed  the  lioyal 
Society’s  second  commission  for  the  study  of  sleeping  sickness  to  Uganda, 
confirmed  this  discoveiy,  and,  working  on  the  subject  in  detail,  shewed  that 
in  every  case  of  sleeping  sickness,  if  properly  examined,  this  parasite  may 
be  demonstrated.  Further,  they  suggested  that  the  trypanosoma  of  sleep- 
ing sickness  was  the  same  as  the  trypanosoma  found  by  Drs.  Forde  and 
Dutton  in  the  blood  of  a Eiu’opean  on  the  Gambia,  and  that  the  disease 
which  this  latter  gave  rise  to,  namely  trypanosomiasis  fever,  was  really 
the  first  stage  of  sleeping  sickness  (cf.  p.  32).  More  extended  observa- 
tions shewed  that  the  distribution  of  sleeping  sickness  and  the  trypano- 
soma coincided  absolutely  for  Uganda,  and  a species  of  tsetse-fly,  the 
Glossirui  palpalis,  was  found  to  be  present  abundantly  in  the  affected  areas, 
namely,  the  regions  round  the  lake  (cf.  pp.  172,  183). 

There  is  little  doubt  now  that  the  specific  cause  of  sleeping  sickness 
and  the  agency  by  which  it  is  spread  have  been  discovered,  though  some 
minor  points  still  remain  to  be  settled.  The  trypanosoma  explains 
perfectly  the  peculiar  endemicity  of  the  disease,  the  long  incubation- 
periods  that  have  been  described,  people  leaving  the  endemic  area 
apparently  healthy  and  afterwards  developing  the  disease ; and  also  the 
observation  that  the  complaint  did  not  spread  amongst  the  slaves  in  the 
"West  Indies. 

Pathological  Anatomy. — The  chief  pathological  changes  of  sleeping 
sickness  are  found  i?i  the  nervous  system,  and,  as  first  i)ointcd  out  by 
Dr.  i\lott,  are  essentially  those  of  chronic  meningo-encephalitis  and  nieningo- 
myelitis.  Macroscopically  the  brain  shews  but  slight  alteration.  The 
calvarium  is  not  thickened ; the  dura  mater  is  practically  normal,  and 
though  seldom  adherent  to  the  skull  may  be  united  to  the  subjacent 
arachnoid.  On  removing  the  dura  mater  the  pia-arachnoid,  often  clear, 
is  perhaps  more  usually  somewhat  opacjue  and  slightly  thickened,  re- 
sembling ground  glass ; it  may  be  adherent  in  places  to  the  subjacent 
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brain,  and  on  l)eing  stripped  off  brings  some  of  the  bi-ain  substance  -with 
it,  while  its  vessels  shew  slight  congestion.  The  subarachnoid  fluid  is 
usuall}’  of  a pale  straw  colour,  and  is  often  increased  in  amount.  In 
some  cases  it  is  slightly  turbid — very  rarely  piirulent,  especially  over  the 
sulci  and  round  the  vessels  in  the  membranes.  On  section  the  substance 
of  the  brain  is  moderately  firm,  and  shews  nothing  abnormal,  with  the 
exception  sometimes  of  excess  of  fluid  in,  and  dilatation  of,  the  lateral 
ventricles.  The  pituitary  body,  the  pons,  cerebellum,  and  medulla  shew 
no  gross  lesions.  The  membranes  covering  the  spinal  cord  are  similar  in 
appearance  to  those  of  the  brain,  and  no  lesions  can  be  detected  in  maci'o- 
scopical  sections  at  difl'erent  levels.  The  other  organs  also  shew  little 
morbid  alteration.  The  heart  is  usually  flabby,  somewhat  pale  in  colour, 
and  there  may  be  myocardial  changes.  Congestion  and  rjedema  of  the  lungs 
are  almost  constant.  Patches  of  bronchopneumonia  are  common,  and 
lobar  pneumonia  may  be  present.  The  liver  and  spleen  do  not  present 
any  gross  changes  attributable  to  sleeping  sickness,  though  in  malarial 
districts  they  are  often  enlarged,  and  shew  the  characteristic  ])igmentation 
of  that  disease.  The  kidneys,  suprarenals,  and  pancreas  are  normal. 
The  enlarged  glands  are  a striking  feature  post-mortem.  In  the  super- 
ficial areas  their  size  generally  varies  from  a bean  to  an  almond,  while  the 
deep  ones,  especially  the  retro-peritoneal,  are  much  larger,  and  are  some- 
times as  big  as  a walnut.  They  are  firm  in  consistence,  but  occasionally 
pus,  the  result  of  bacterial  invasion,  may  Ije  seen  in  those  draining  the 
area  of  the  mouth. 

Miowcopically,  definite  and  characteristic  changes  are  always  present 
in  the  nervous  and  other  systems.  Throughout  the  whole  central 
nervous  system,  but  especially  at  the  base  of  the  brain  over  the  medulla 
and  cerebellum,  the  pia-ai'achuoid  is  infiltrated  with  mononuclear  leuco- 
cytes, a similar  change  spreading  along  the  septa  and  affecting  in  varying 
degrees  the  perivascular  spaces  around  the  blood-vessels  in  the  substance. 
The  degree  of  perivascular  infiltration  varies  considerably,  and  does  not 
correspond  to  the  symptoms ; it  is  generally  best  seen  in  the  pons, 
medulla,  and  cetebellum.  The  nerve-cells  shew  frecpient  pathological 
changes,  the  columns  of  ]\Ieynert,  according  to  Dr.  Mott,  in  some  cases 
being  disoi'ganised,  the  outline  of  a great  many  of  the  pyramidal  cells, 
large  as  well  as  small,  being  altered  and  ii’regular,  indicating  disorganisation 
and  destruction.  In  another  case  descrilied  by  the  same  author,  in  which 
hypei-pyrexia  was  present  before  death,  the  Nissl  bodies  were  neither 
visible  in  the  cells  nor  in  the  processes,  the  whole  neuron  being  unifoi'inly 
stained  by  the  dye  instead  of  shewing  the  normal  differentiation  into 
achromatic  and  chromatic  substances.  The  tangential  and  supraradial 
association  fibres  arc  usually  diminished  in  numliei’,  and  many  are  greatly 
atrophied.  A diffuse  sclerosis  may  be  present  in  the  cord,  the  axis- 
cylinders  and  medullary  sheaths  of  the  nerves  shcAving  a well-marked 
degeneration  in  many  of  the  cases.  The  arteries  of  the  brain  and  cord  do 
not  exhibit  endarteritis ; the  peripheral  nerves  are  not  degenerated ; 
occasionally  dejAosits  of  fat  are  present  in  the  epineurium  and  endo- 
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nourium.  As  regards  the  other  oi-gaus  of  the  body  similar  leucocytic 
infiltrations  round  the  vessels  may  be  noted,  the  change  being  often  best 
marked  in  the  heart.  Secondaiy  changes  such  as  occur  in  infectious 
diseases  may  also  be  seen,  namely,  cloudy  swelling  of  the  liver-cells  and 
degenerative  changes  in  the  myocardium.  The  enlarged  lymphatic- 
glands  shew  a proliferation  of  lymphocytes,  and  the  duodenum  also  shews 
a proliferation  of  the  same  elements  with  increase  in  the  size  of  the 
lymphoid  nodules.  Sections  of  the  brain  and  other  oi'gans  stained  by 
LoeHler’s  and  (Train’s  methods  often  reveal  the  presence  of  cocci.  In 
equatorial  regions  the  liver  and  spleen  are  usually  infiltrated  with  old  or 
recent  malarial  pigment,  and  in  other  instances  the  peculiar  cirrhosis  due 
to  bilharzial  infection  of  the  liver  is  met  Avith.  These,  of  course,  are 
only  concomitant  changes,  and  liaA'e  nothing  to  do  Avith  sleeping  sickness. 

Pathology. — Tloth  the  clinical  history  and  the  morbid  appeai-ances  of 
sleeping  sickness  point  to  a chronic  process,  due,  according  to  Die  Mott, 
to  a poison  of  micro-parasitic  or  other  source,  Avhich  aflects  specially  the 
lymphatic  system,  and  in  particular  that  portion  of  if  pertaining  to  the 
central  nervous  system.  He  believes  that  the  lethargy  can  be  explained 
either  by  the  action  of  a toxic  agent,  circulating  in  the  cerebrospinal 
fluid,  upon  the  vital  activities  of  the  neurons ; or  simply  by  the  accumu- 
lation of  lymphocytes  around  all  the  blood-vessels  interfering  Avith  the 
met;d)olic  exchanges  between  the  blood  and  the  nervous  elements ; 
although  the  existence  in  such  abundance  of  mononuclear  leucocytes 
AvoAild  rather  indicate  the  existence  and  pi-olonged  action  of  a noxious 
agent  Avhich  itself  Avould  be  capable  of  damaging  the  nervous  elements. 

The  question  noAv  arises,  can  the  trypanosome  produce  such  a poison  ? 
So  far  e.xperimeuts  have  failed  to  obtain  a toxin  from  it,  and  a compara- 
tive study  of  the  brains  of  animals  dying  from  the  effects  of  infections  of 
different  species  of  trypanosomes  do  not  reveal  similar  lesions.^  In  these 
animals  microscopic  sections  sheAv  the  dilated  vessels  packed  Avith 
trypanosomes,  Avhereas  in  the  human  cases  it  is  almost  impossible  to  find 
a single  parasite.  A chronic  poi.soning  might  account  for  the  lesions,  l>ut 
Avhy  on  the  other  hand  should  the  acute  cases,  Avhich  die  in  a feAv  Aveeks, 
have  similar  lesions  I The  general  trend  of  opinion  as  regards  the 
streptococci  so  frequently  found  in  the  cases  is  that  the}'^  appear  only  as 
a terminal  infection.  It  is  open  to  doubt  Avhether  they  ai-e  always 
terminal ; moreover,  the  character  of  the  infilti-ations,  if  due  to  them, 
AA'oidd  certaiidy  be  polymorphonuclear  and  not,  as  it  is,  inononuclear. 

More  research  on  the  subject  is  required,  but  as  far  as  our  present 
knoAvledge  goes  the  tr3’])anosome  must  be  regarded  as  an  essential  factor 
in  the  disease,  although  hoAv  it  acts  in  producing  the  pathological  changes 
is  yet  unknoAAm. 

Symptoms  and  Clinical  Features. — The  .symptoms  of  sleeping  sick- 
ness begin  A'ery  insidiously ; the  pi'odromal  period  is  often  greatly 

1 Recently  Plimnier  states  that  the  brains  of  r.-its  that  have  been  inoculated  with  the 
human  trypanosomes  have  shewn  the  peculiar  perivascular  infiltration,  and  the  brain  of  a 
monkey  also  inoculated  Avith  the  human  .species  is  said  to  have  e.xhibited  similar  changes. 
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prolonged,  it  ma)'’  continue  for  months  or  even  for  one  or  two  years — some 
say  even  longei'.  Such  a sequence  of  events  has  heen  noted  in  Europeans 
with  trypanosomiasis  fevei-,  definite  symptoms  of  sleeping  sickness  only 
coming  on  at  the  end  of  a year  or  more.  At  this  stage  the  diagnosis  may 
not  always  be  easy  to  the  uninitiated.  The  natives,  however,  readily 
recognise  the  oncoming  of  the  disease,  changes  in  the  former  mental 
attitude  of  the  patient  being  quickly  noticed  by  his  relatives.  Quite 
early  there  may  be  slight  putifiness  of  the  face,  a drooping  of  the  upper 
eyelids,  and  a gradually  increasing  change  in  the  facial  aspect ; a 
previously  happy  and  intelligent  looking  negro  becoming  sad,  apathetic, 
and  morose.  Next  appeal’s  a disinclination  to  work,  with  a desire  to 
sit  about  and  rest  more  than  usual,  and  at  this  time  headaches  and  other 
transient  pains,  especially  in  the  upper  part  of  the  chest,  may  be  com- 
plained of.  A tendency  to  fall  asleep  at  unusual  times,  even  in  spite  of 
strong  efforts  to  keep  awake,  and  a desire  to  lie  and  doze  in  the  sun  may 
also  be  noticed. 

It  is  about  this  time,  during  these  preliminary  symiptoms,  that  the 
patients  are  brought  by  their  friends  to  see  the  doctor,  and  an  ordinary 
casual  inspection  of  such  a case  will  reveal  the  following  points.  The 
appearance  of  the  face  is  dull,  heavy,  and  stupid  looking.  Questions  are 
answered  but  slowly,  the  speech,  when  it  does  come,  often  being  mumbling, 
slow,  and  thick.  The  gait  is  peculiar,  the  patient  instead  of  lifting 
his  feet  in  the  ordinary'  manner  pushes  them  along  the  ffoor  as  he 
advances.  On  asking  the  individual  to  put  out  his  tongue  a very'  fine 
fibrillary  tremor  is  generally  observed,  and  in  some  instances  this  may' 
also  be  detected  in  the  muscles  of  the  hands.  Glandular  enlargements 
may'  be  so  prominent  as  not  to  require  palpation  to  determine  them  ; 
but  in  other  cases  they  are  smaller  and  less  noticeable.  A rough  and 
dry  skin  is  sometimes  seen  now,  but  by  no  means  constantly'.  The  most 
important  aid,  however,  to  the  diagnosis  of  the  disease  in  this  stage  is  the 
careful  study  of  the  temperature  aiid  pulse,  examination  of  which  should 
never  be  omitted.  The  temperature  is  irregular,  rising  in  the  evenings 
to  101°,  102°  F.,  or  even  higher,  and  falling  in  the  morning  to  normal  or 
e^'e^  siibnormal,  the  range  often  extending  over  4°  or  more.  The  pulse 
is  of  a very  low  tension,  with  a moderate  volume ; the  rate  is  accelerated, 
running  up  to  L30  or  140  beats  per  minute,  and  vary'ing  between  this 
and  90.  A combination  of  those  two  phenomena  in  a patient  in  a 
sleeping  sickness  area  should  at  once  arouse  suspicion.  If  the  examina- 
tion of  a patient  with  those  symiptoms  be  interrupted,  a careful  observer 
may  notice  that  his  head  nods,  his  eyes  close ; that  he  will  proltably'  sit 
down,  and  unless  disturbed  will  remain  in  this  state  of  absolute  lethargy 
for  a considerable  time. 

A\  hen  once  these  well-defined  symptoms  appear  the  disease  runs  an 
acute  or  chronic  course,  progressing,  however,  towards  its  ultimate  fatal 
issue.  ’\^  ithout  treatment  or  careful  attention,  as  of  course  is  the  case 
with  the  vast  majority'  of  those  affected,  the  cases  usually  become  rapidly 
worse.  Often  the  healthy  inhabitants  of  the  villages  or  groups  of  huts 
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reiiiove  the  sick  to  the  bush,  ])laciiig  them  there  in  small  reed-huts,  and 
then,  except  for  providing  them  Avith  food  daily,  leave  them  alone. 
Here  they  lie  absolutely  indifl'erent  to  everything  around,  asleep  or 
apparently  asleep,  with  eyes  shut  or  half  shut.  AVhen  spoken  to  and 
roused  they  mumble  in  reply,  but  soon  they  merge  again  into  their 
former  sUite  of  lethargy.  The  further  course  of  the  disease  may  be  more 
accurately  studied  if  the  cases  be  taken  into  hosj)ital,  properly  looked 
after,  and  fed.  For  the  first  few  da}'s  or  weeks  a distinct  improvement 
may  be  noted ; the  patient  gets  up  fi-om  his  Ijcd  daily,  sits  al»out  the 
doors  of  the  hospital,  sometimes  even  walks  about  a little  outside  and 
takes  more  interest  in  life,  especially  at  meal-times.  Soon,  however,  the 
patient  gets  worse,  he  stays  in  bed  more,  muscular  weakness  and  wasting 
become  pronounced,  tremors  of  a fine  degree,  most  marked  in  the  muscles 
of  the  tongue  and  arms,  appear,  and  the  drowsiness  and  lethargy  increase. 
Later  he  remains  in  bed,  and  the  symptoms  of  the  final  stages  may  then 
be  observed — the  skin  may  lose  its  lustre,  becoming  dry  and  coarse, 
papular  eruptions  may  come  out,  often  accompanied  with  great  itching, 
bed-sores  commoidy  form,  the  motions  are  passed  involuntarily,  and 
saliva  dribbles  from  the  mouth.  The  knee-jerks  which  were  at  first 
exaggerated  become  diminished,  the  tremors  may  become  so  excessive  as 
to  shake  the  bed  on  which  the  patient  rests,  choreiform  movements  or 
even  epileptiform  seizures  are  sometimes  seen,  and  rigidity  of  the  muscles 
of  the  .iieck  often  with  Hexor  contractions  of  the  legs  on  the  thighs  and  of 
the  thighs  on  the  abdomen  render  the  patient’s  condition  a miserable  one. 
The  drowsiness  which  has  been  gradually  deepening  now  passes  into 
coma,  from  which  eventually  the  patient  cannot  be  roused,  the  tempera- 
ture falls  to  subnormal,  the  body  and  extremities  become  cold  and 
.clammy,  and  the  patient  dies  in  a state  of  complete  coma,  convulsions  in 
rare  instances  ushering  in  the  fatal  termination. 

This  is  the  usual  course  of  an  ordinary  acute  case  of  the  disease,  the 
different  changes  taking  about  a month  or  six  weeks  for  completion.  In 
the  chronic  cases  the  symptoms  develop  more  slowly,  periods  of  deceptive 
improvement  or  even  apparent  cessation  of  the  disease  alternating  with 
}ieriods  of  advance  till  at  last  the  final  symj)toms  appear  and  cai'iy  the 
patient  off. 

The  Symptoms  in  DetaiH — The  Temperafure.  llefiuhir  Course. — The 
course  of  the  temperature  is  marked  in  typical  cases  by  an  evening  rise  and 
a morning  fall,  the  range  often  extending  over  4°  or  more.  The  evening 
temperature  varies  from  100°  to  104°  F.,  and  the  morning  temperature 
is  generally  about  normal,  or  in  some  cases  even  lower.  {I'ide  Charts.) 

This  regular  type  of  temperature  may  go  on  for  weeks,  sometimes 
after  this  beeoming  distinctly  irregular,  and  again  keeping  almost  normal, 
with  the  exception  of  an  occasional  slight  evening  rise.  This  condition 
may  persist  for  variable  periods  of  time,  often  again  to  be  followed  by 

1 The  description  of  the  symptom.s  i.s  largely  taken  from  the  “ Report  on  Sleeping 
Sickness  from  its  Clinical  Aspects,”  by  George  C.  Low  ami  Aldo  Castellani. — Royal  Society, 
Reports  of  the  Commission  on  the  Sleeping  Sickne.ss,  No.  II.,  1903. 
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the  regular  evening  elevation  and  morning  fall.  A Aveek  or  so  before 
death  the  temperature  almost  always  becomes  subnormal,  remains  so 
dui'ing  the  whole  day ; this  shews  that  the  end  is  near.  The  rise  of 
tempei'ature  is  not  accompanied  by  any  special  symptoms,  there  is  no 
rigor,  and  no  sweating,  in  fact,  it  is  not  uncommon  to  find  a patient 
with  a temperature  of  103°  F.  walking  about  and  apparently  none  the 
Avorse. 

^'ariations  fi-om  the  typical  temperature  curves  arc  from  time  to 
time  met  Avith,  some  charts,  Avith  the  exception  of  one  or  tAvo  CA'cning 
elevations,  sheAving  a practically  subnormal  temperature  throughout  the 
course  of  the  disease.  Such  cases  may,  hoAvever,  be  acute,  and  death 
may  (piickly  supervene.  In  other  instances  the  temperature  may 
remain  high  for  several  days  Avithout  sheAving  any  marked  morning 
remission.  As  a rule,  hoAvever,  after  a few  days,  it  reverts  to  the  usual 
type.  Careful  study  of  any  individual  case  of  sleeping  sickness  Avill 
shcAV  pyrexia  at  some  time  or  other  in  the  course  of  the  disease.  The 
ordinary  temperature  curve  may  be  modified  by  intercurrent  diseases, 
the  most  frequent  being  malarial  fever ; here  the  maximum  is  umrsually 
high,  often  reaching  104°  F.  or  higher,  and  the  remissions  are  slight, 
sometimes  never  coming  beloAv  100°  F.  Parasites  may  then  be  demon- 
strated in  the  blood,  and  after  the  administration  of  quinine  the  tem- 
perature again  reverts  to  its  ordinary  course. 

The  Cirmlatmj  Si/stem. — The  study  of  the  pulse  is  very  important, 
especially  in  the  early  diagnosis  of  the  disease.  The  frequency  is  very 
rarely  beloAv  normal ; it  is  usually  someAvhere  betAveen  90  to  1 30  beats 
per  minute,  but  there  may  be  great  A'ariations  at  different  times  of  the 
day.  The  ratio  to  the  temperature  is  inconstant,  a very  high  frequency  ' 
often  being  associated  AAuth  a Ioav  temperature ; but  in  the  last  stages  a i 
loAv  frequency  associated  Avith  the  subnormal  temperature  is  the  rule.  \ 
The  rhythm  is  almost  alAA'ays  regular  in  time  and  equal  in  force  till  the  j 
last  stages,  Avhen  some  of  the  beats  may  be  Aveaker  than  others  ; just 
before  death,  or  eA'en  in  some  instances  tAA’o  days  before,  the  pulse 
becomes  imperceptible  at  the  Avrist.  Dicrotism  is  uncommon,  but  may 
be  present  Avhen  the  feA^er  is  high.  The  volume  is  ahvays  small,  and  is 
associated  Avith  a remarkably  Ioav  tension,  the  vessel-Avall  exhibiting  no 
thickening  or  other  abnormalities  in  uncomplicated  cases.  There  are  no 
cardiac  symptoms,  palpitation,  cardiac  pain,  dyspnma,  and  giddiness  all 
Iteing  absent.  Physical  examination  reveals  little  except  the  rapid  rate, 
and  in  some  instances  an  increase  in  the  transverse  diameter  and  functional 
murmurs.  Endocarditis  and  pericarditis  Avere  not  met  with  in  a long 
series  of  cases. 


The  Besjiiraior;/  Si/fttem. — The  respirations,  regular  in  time  and  equal 
in  force,  are  ahvays  rapid,  more  especially  in  the  evenings ; they 
correspond  fairly  closely  to  the  increased  pulse-rate,  and  their  number 
per  minute  is  generally  betAA^een  20  and  30.  In  the  last  stages 

of  the  disease  Chejme  - Stokes  breathing  is  common.  The  physical 
examination  of  the  respiratory  system  in  the  first  stages  reveals  nothing. 
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In  the  later  stages  some  engorgement  and  (vdema  of  the  bases  of  the 
Inngs,  due  no  doubt  to  the  recumbent  position  in  bed,  are  commonly 
met  ■with,  and  pneumonia  or  bronchopneumonic  patches  maj'  appear. 

Alimmfarii  Si/siein. — In  the  early  cases  there  is  little  to  notice.  In 
some  patients  the  appetite  appears  to  be  slightly  increased,  and  even  in 
the  advanced  and  completely  bed-ridden  cases  nourishment  is  still  taken 
readily.  Dyspeptic  symptoms  are  as  a rule  absent,  and  vomiting  is 
never  seen.  The  bowels  are  veiy  often  obstinately  constipated.  Labial 
herpes  does  not  occur,  but  ulcerative  stomatitis,  usually  slight,  may  lie 
present,  and  in  rare  instances  the  gums  become  swollen  and  spongy. 
The  tongue  is  flabby  and  usually  covered  with  a dirty  white  fur ; the 
papilla!  on  the  dorsum  may  be  prominent,  and,  in  the  last  days  of  life, 
sordes  accumulate  in  the  mouth,  saliva  dribbles  from  it,  and  the  breath 
is  very  offensive.  Inspection  of  the  abdomen  often  reveals  a certain 
degree  of  bulging ; the  stomach  is  generally  confined  to  its  normal 
limits,  though  a certain  amount  of  dilatation,  due  no  doubt  to  the  bulky 
vegetable  diet,  may  be  present.  The  spleen  is  enlarged,  hard  in  con- 
sistence, though  not  tender,  possibly  from  antecedent  malaria.  The 
liver  is  generally  slightly  enlarged,  probably  due  in  many  instances  to 
old  malarial  hepatitis.  True  dysentery  and  pseudo-dysentery,  due  to 
the  presence  of  bilharzia  in  the  rectum,  are  common  in  countries  where 
those  diseases  exist ; they  are  only  complications,  and  play  no  part  in 
pure  cases  of  the  disease. 

Interiumentary  System. — Roughness  of  the  skin,  which  has  been  con- 
sidered one  of  the  diagnostic  features  of  this  disease,  is  not  by  any 
means  constant ; in  many  cases,  especially  the  acute  ones,  the  skin  is 
perfectly  smooth  up  to  the  day  of  their  death.  The  same  must  be  said 
of  eruptions  which  are  not  specially  common,  and  when  existing  resemble 
those  seen  amongst  the  healthy  natives  of  the  district.  The  commonest 
eruption  is  a papulo-pustular  one,  and  is  most  frequently  seen  on  the 
donsum  of  the  hands,  extensor  aspect  of  foreaians,  and  on  the  back,  the 
individual  pustules  remaining  isolated  and  shewing  no  tendency  to 
coalesce.  Pruritus  is  often  present,  and,  as  in  other  marasmic  conditions, 
the  skin  may,  especially  in  the  chronic  cases,  become  rough,  scaly,  and 
lustreless.  The  circular  erythematous  rings  seen  on  the  white  skins  of 
Europeans  suffering  from  trypanosomiasis  are  not  visible  on  the  black 
skins  of  natives.  Forms  of  eczema  and  ordinary  scabies  arc  sometimes 
seen,  especially  in  Uganda. 

Lymphatic  System. — A general  enlargement  of  the  lymjihatic  glands 
throughout  the  body  is  a constant  feature  in  sleeping  sickness,  consider- 
able variations  in  size  existing,  however,  in  different  individuals.  The 
superficial  chains  can  easily  be  felt  in  the  anterior  and  posterior  triangles 
of  the  neck,  in  the  submental  and  submaxillary  regions,  in  Scarpa’s 
triangle,  and  in  the  groins.  In  emaciated  individuals  the  deep  al)dominal 
glands  are  also  palpable.  Their  size  varies  fi'om  a small  bean  to  a hazel 
nut,  or  even  larger;  they  are  somewhat  hard  and  firm  in  consistence, 
and  do  not  become  adherent  to,  or  cause  ulceration  of,  the  adjacent  skin. 
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In  rare  instances  suppuration  may  attaek  single  glands  or  groups  of 
glands,  those  situated  in  the  vicinity  of  the  mouth  being  specially  liable. 
In  some  localities  the  natives  regard  those  swellings  as  the  cause  of  the 
disease,  and  excise  the  glands  both  by  way  of  cure  and  prevention. 
Kecentl}^  acting  on  Dr.  ]\Iott’s  suggestion,  Drs.  Greig  and  Gray  in 
Uganda  have  shewn  that  trypanosomes  can  readily  be  found  in  the  juice 
withdrawn  from  these  glands  by  a hypodermic  syringe,  and  they  advocate 
this  as  an  easy  means  of  diagnosis  in  early  suspected  cases.  Dr.  Todd, 
following  up  this  line  of  work,  considers  that  every  native  living  in  an 
infected  district  with  general  glandular  enlargement  not  due  to  any 
manifest  cause,  such  as  syphilis,  tuberculosis,  yaws,  skin  or  scalj)  affec- 
tions, due  to  cuts  and  wounds,  lice,  or  seborrhoea,  is  almost  certainly  the 
subject  of  trypanosomiasis,  even  though  apparently  health)'-.  Before 
coming  to  such  a diagnosis  it  is  safer  to  explore  the  gland  and  demonstrate 
the  presence  of  the  trypanosomes,  as  general  glandular  enlargements — 
viz.  palpable  glands  the  size  of  an  almond  or  upwards  in  the  super- 
ficial areas — due  to  )io  apparent  cause,  are  frequently  met  with  in  natives 
of  India  and  other  areas  where  trypanosomiasis  and  sleeping  sickness  are 
known  not  to  exist. 

Nervous  System. — The  dull  apathetic  look  is  one  of  the  most  char- 
acteristic points  of  the  disease.  The  expression  is  heavy,  and  shews  very 
little  emotion.  There  seems  to  be  a slight  loss  of  intelligence,  but 
memory  is  not  impaired.  When  spcken  to,  a considerable  interval 
generally  elapses  before  the  reply  to  the  question  is  given.  Speech 
is  not,  however,  specially  affected,  there  being  no  stammering  nor  slurring 
in  the  production  of  the  individual  syllables.  Sleep,  which  has  given  its 
name  to  the  disease,  is  in  many  cases  not  such  a predominant  factor  as  is 
generally  supposed.  It  is  perhaps  questionable  whether  the  amount  of 
proper  or  physiological  sleep  is  much  in  excess  of  that  seen  in  an  ordinary 
healthy  native.  A patient,  if  left  alone  and  watched,  is  often  seen  to  nod 
his  head  and  close  his  eyes,  but  the  slightest  touch,  such  as  stroking,  or 
any  noise,  Avill  make  him  open  his  eyes  at  once.  Though  the  total 
amount  of  sleep  in  some  individuals  may  be  above  the  average,  the  usual 
condition  may  be  better  described  as  one  of  lethargy,  indifference,  and 
drowsiness ; but  it  should  be  remembered  that  even  this  lethargic  state 
may  not  be  well  marked  in  some  cases,  and  that  it  may  be  entirely  absent 
in  others.  The  drowsiness  in  the  later  sbiges  of  the  disease  passes  into 
coma,  which  grad\ially  deepens  till  the  patients  can  no  longer  be  roused, 
and  in  this  condition  they  die.  Maniacal  attacks  sometimes  usher  in  the 
onset  of  the  disease.  Headache,  chiefly  occipital,  indefinite  pains  in  the 
chest  and  sometimes  in  the  joints,  especially  in  the  knees  and  ankles,  arc 
.sometimes  complained  of. 

Sensory  Functions. — These  are  at  first  normal,  though  even  early  there 
may  be  some  hypertesthesia  of  the  trigeminal  points.  Touching  or 
moving  the  patient,  especially  in  those  cases  where  flexor  contraction  or 
rigidity  of  the  muscles  of  the  neck  are  marked,  causes  pain,  as  is  shewn 
by  the  patient  crying  out.  General  or  local  ana?sthesias  are  not  met  with. 
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The  temperature  sense  is  unimpaired,  and  the  same  may  be  said  of  the 
muscular  sense. 

^[otor  Functions. — Especially  towards  the  end  of  the  illness,  when 
emaciation  ma}'  be  marked,  the  muscles  frequently  become  wasted  and 
dabby,  though  in  the  acute  cases  death  often  occurs  Avithout  much  loss  of 
ihe  muscular  nutrition.  The  motor  power  diminishes  towards  the  end. 
In  many  cases  a certain  degree  of  inco-ordination  is  distinct,  and  in  a 
few  instances  Rombei’g’s  sign  is  present.  Walfrideson  described  a 
case  in  Avhich  a staggering  gait,  with  a tendency  to  fall  forAvard,  AA-as  a 
prominent  symptom,  AA'hile  at  the  .same  time  there  AAas  Avcll-marked  lateral 
nystagmus  on  looking  to  the  left.  The  gait  is  characteristic,  and  is  most 
aptly  described  as  “shuffling,”  the  feet  not  been  raised  from  the  ground, 
but  being  pushed  fonA'ard. 

Abnormal  muscular  moA’ements  are  perhaps  the  most  striking  featui'e 
of  the  disease ; fine  tremor  in  the  tongue  is  A'ery  constant,  and  a some- 
AA’hat  coarser  tremor  is  also  usiAal  in  the  hands  and  arms,  any  purposeful 
moA'ements,  as  lifting  a cup  to  the  lips,  often  increasing  it.  In  a feAA^ 
instances  tremor  is  found  in  the  legs  and  muscles  of  the  trunk  as  aaxII, 
sometimes  so  excessive  as  to  cause  shakiri"  of  the  bed  on  Avhich  the 

O 

patient  lies.  In  one  or  tAvo  patients  in  Uganda,  who  Avere  ultimately 
proved  at  the  necropsy  to  have  had  sleeping  sickness,  no  tremors  Avere 
visible  during  the  Avhole  course  of  the  disease,  but  this  is  very  unusual. 

In  the  "last  stages  rigidity  is  common  in  the  muscles  of  the  neck, 
and  contractions  of  the  legs  on  the  thighs,  and  the  thighs  on  the 
abdomen  may  at  this  time  be  extreme.  Fits  of  an  epileptic  nature  some- 
times occur,  either  general  or  localised  to  a group  of  muscles.  Paralysis 
is  rare  ; it  may,  hoAvever,  occur,  one  case  sheAAung  paralysis  of  the  right 
•side  of  the  face,  another  that  of  one  arm.  Hemiplegia,  or  paraplegia 

■ Avere  never  seen  in  the  Uganda  cases,  nor  Avere  choreic  movements  evei- 

I o])sei'A'ed.  * 

lleflej-  Functions. — The  superficial  reflexes  are  generally  normal.  The 
deep,  exaggerated  at  first,  aftei’Avards  become  lost.  There  is  never  clonus. 
The  organic  reflexes  are  normal  at  first,  but  during  the  last  weeks  the 
imotions  are  passed  iiiA'oluntarily,  this,  no  doubt,  depending  on  the  Aveak- 

■ ness  and  inability  to  get  out  of  bed  rather  than  on  any  definite  paralysis. 
IBabinski’s  sign  is  not  present. 

Lumbar  Pvneiure. — On  performing  this  operation  the  cerebrospinal 
ffluid  escapes  generally  AAuth  increased  pressure,  though  in  some  cases,  fcAv 
in  number,  the  pressure  is  normal  or  even  decreased.  The  fluid  appears 
.as  a rule  clear  and  colourless;  in  some  instances  it  is  slightly  turbid. 
i'Albumin  is  found  in  traces,  and  the  liquid  usually  reduces  Fehling’s 
[•solution.  The  leucocyte  formula  is  mononuclear.  Trypanosomes  are 
[.always  present,  the  best  procedui'e  for  demonstrating  them  being  to  take 
1 10  c.c.  of  the  fluid,  and  after  centrifuging  this,  to  examine  the  deposit 
carefully. 

Special  Senses. — Eyes. — The  pupils  are  equal  and  as  a rule  moderately 
[dilated.  They  contract  to  light  and  during  accommodation,  the  reactions 
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in  some  instances  being  sluggish.  Nystagmus  has  been  noted,  but  is  very 
rare.  Ocular  jiaralysis  is  not  seen,  and  the  fundus  and  retina  are  in  the 
vast  majority  of  cases  norm.al.  Diffuse  choroiditis  has  been  noted  in  a 
Kuroj)ean  case  of  trypanosomiasis,  Avho  eventually  died  of  sleeping  sickness. 
The  hearing,  taste,  and  smell  are  unimpaired. 

Urinari/  S;/sfein. — Weakness  of  the  sphincter  vesicse  and  consequent 
dribbling  of  urine  may  come  on  in  the  last  stages.  The  amount  of  urine 
voided  during  the  twenty-four  hours  is  at  first  normal,  later  it  may  be  in- 
creased. When  freshly  passed  it  is  clear,  of  a pale  colour,  with  a low  s]3ecific 
gravity,  and  has  no  special  odour.  In  vegetable-feeding  races  the  reaction 
is  alkaline,  with  abundant  deposits  of  carbonates  and  ti'iple  phosphates. 
The  excretion  of  urea  is  below  the  average,  sugar  is  absent,  and  with 
the  exception  of  a slight  trace  when  the  pyrexia  is  high  there  is  no 
albuminuria. 

Sexual  System. — At  first  sexual  desire  is  api>arently  not  decreased, 
later,  as  the  general  nervous  debility  advances,  it  is  lost.  The  same  holds 
good  as  regards  menstruation. 

Feeces. — Constipation,  as  already  mentioned,  is  very  frequent.  The 
stools  of  natives  are  generall}^  hard,  of  gi-eenish  colour,  and  almost  free 
from  odour.  Portions  of  undigested  food,  large  shreds  of  vegetable 
tissues,  and  long  fibres,  are  common  in  vegetable -feeding  races.  Micro- 
scopically, there  are  the  usual  innumerable  micro-organisms,  epithelial 
cells,  crystals  of  triple  phosphates,  oxalate  of  lime,  and  occasionally 
Charcot’s  crystals.  Ova  of  different  parasites — Ankylostomes,  Ascaris 
lumhricoides,  Trichocephahts  trichiurus,  Stroncjyloidcs  sfercoralis,  and  Schisto- 
somum  lueimtohium — are  very  common  in  the  Uganda  cases.  Amongst 
protozoan  parasites  Trichomonas  intestinalis  is  also  very  frequently  met  with. 

TIcemopoietk  System. — Anaemia  in  varying  degree  is  constant ; the 
average  number  of  the  red  blood- corpuscles  per  c.mm.  being  about 
3,500,000.  So  many  other  haemolytic  factors  are  usually  present,  such 
as  malai'ia  and  ankylostomiasis,  that  the  count  may  be  considerably 
complicated.  When  cyanosis  exists  just  leefore  death  there  may  be  an 
abnormal  increase  in  the  red  blood -corpuscles,  an  estimation  of  such  a 
case  giving  6,200,000  per  c.mm.  on  the  day  of  death.  Commoner  than 
this,  however,  is  a gradual  fall  to  2,000,000  or  under.  The  luemoglobin 
is  generally  reduced  in  relation  to  the  amount  of  the  anmmia,  the  blood 
shewing  all  the  characteristics  of  a well-marked  secondary  amemia.  The 
leucocyte  count  shews  no  absolute  increase  from  the  normal  until  just 
before  death,  when  a certain  number  of  the  cases  get  a well-marked 
terminal  polymorphonuclear  leucocytosis.  The  large  mononuclear 
elements  are  relatively  increased.  In  areas  where  helminthiasis  is  common 
the  blood  of  young  subjects  often  shews  a relative  increase  in  the  number 
of  the  eosinophil  leucocytes. 

Complications. — Bed-sores,  when  emaciation  is  extreme,  are  common, 
but  in  hosi)ital  ])ractice  they  may  be  usually  a^•oided  with  ordinary  care, 
'fhey  occur  more  frequently  in  chronic  cases.  Pemphigoid  eruptions, 
boils,  and  othei'  skin  eruptions  are  not  uncommon.  In  chigger- 
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infested  cuuntries  the  ulcerations,  due  to  the  neglect  of  treating  this 
parasite,  are  very  often  seen.  Epistaxis  is  rare,  difl'erent  forms  of 
laryngitis  are  met  with,  and  acute  oedema  of  the  glottis  has  heen  seen. 
Kes^jiratory  diseases,  such  as  bronchitis,  broncho-  and  lobar  pneumonias, 
frequently  precipitate  the  fatal  termination.  Malaria,  true  dysentery, 
psuedo-dysenteiy  due  to  Bilharzia  hccmatohia,  and  various  animal  paia- 
sites,  all  abound  in  Equatorial  Africa,  and  at  the  necropsies  their  ])resence 
or  the  pathological  lesions  resulting  from  them  are  easily  demonstrated. 

Course  of  the  Disease. — The  incubation-period  is  uncertain  ; if  the 
first  manifestations  of  trypanosomes  in  the  individual  are  taken  as  the 
starting-point  of  the  disease,  it  lasts  for  years.  In  natives  this  is  often 
difficult  to  determine,  but  in  at  least  two  Europeans  the  iinasion  of 
trypanosomes  has  been  accurately  noted,  and  in  one  of  these  definite 
sym2)toms  of  sleeping  sickness  did  not  develop  until  two  years  later. 
The  rapid  spread  of  the  disorder  in  new  regions  would  seem  to  shew 
that  the  incubation-period  for  natives  may  be  shorter ; but  here  again 
the  difficulty  of  determiiung  when  the  trypanosome  first  appeared 
amongst  the  tribe,  and  how  long  after  that  definite  signs  of  sleeping 
sickness  shewed  themselves,  must  be  considered.  The  period  of  in- 
cubation is  probably  variable ; treatment  and  good  hygiene  retarding 
it.  After  the  stage  of  incid)ation  is  over  the  symptoms  begin  insidiously. 


and  the  course  of  the  disease  is  again  variable. 


In  Uganda  the  average 


duration  seemed  to  be  from  four  to  eight  months,  but,  not  infrequently,  in 
a case  with  practically  no  definite  signs  sleeping  sickness  would  suddeidy 
make  its  appearance  and  the  patient  die  within  six  weeks  of  the  first 
observation.  Chronic  cases  seem,  according  to  Dr.  Todd,  to  be  fai]’!}^ 
frequent  at  the  mouth  of  the  Congo,  and  also  occur  in  Uganda,  the 
disease  running  a course  of  a year  or  more. 

Keniembcring,  then,  that  sleeping  sickness  may  run  an  acute  or  chronic 
course,  we  may,  for  clinical  convenience,  recognise  three  stages.  The 
symptoms  of  these  are  moi'e  or  less  definite,  but  merge  insensibly  into 
each  other.  The  first  stage  is  characterised  bj'  somewhat  indefinite 
symptoms,  vague  pains,  feelings  of  indisposition,  slight  degi'ees  of 
drowsiness,  and  evening  fever  (an  important  point).  The  second  stage 
may  be  designated  as  the  stage  of  tremor,  in  which,  with  an  increase 
of  the  early  manifestations,  tremors  accompanied  by  other  nervous 
phenomena  appear.  The  thiixl  stage  is  characterised  l>y  emaciation 
and  intense  weakness.  The  patients  become  bedridden,  lose  conti'ol  of 
their  sphincters,  emaciation  becomes  c.xti-eme,  gradually  deepening  coma 
appears,  the  temperature  falls  to  subnormal,  and  finally  death  supervenes. 

Diagnosis.^ — The  diagnosis  from  the  clinical  aspect  alone  may  be 
difficult  in  the  early  stages,  as  the  characteristic  features  of  the  disease 
(tremons,  etc.)  are  genei’ally  absent.  The  most  ini[)ortant  point  at  this 
time  is  the  evening  rise  of  temperature  and  the  increased  pulse- rate. 
Eater,  when  the  definite  symptoms  apj>ear,  there  is  little  difficult}'. 
Trypanosomes  may  be  demonstrated  by  e.xamining  the  blood  or  cerebro- 
spinal Huid,  but  Drs.  Greig  and  Gray’s  procedure  of  puncturing  one 
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of  the  eiilarj^ed  glands  offers  an  easier  and  quite  as  accurate  a method. 
The  trypanosomes  may  be  so  scanty  in  the  blood  that  they  may  easily 
be  missed,  and  it  is  usual,  therefore,  to  centrifuge  a large  quantity  ot 

blood  or  cerebrospinal  fluid.  . , , ■ , i • 

J)itjhrntial  Diaijnosis. — There  are  few  diseases  with  which  sleeping 

sickness  may  be  confused,  but  some  have  from  time  to  time  been 

mentioned  as  resembling  it.  . • i • i 

Ben-bcri. — This  disease  is  a peripheral  neuritis  which  comes  on 

rapidly.  In  the  wet  form  there  is  marked  oedema,  in  the  dry  form, 
wasting  of  the  muscles.  In  both  forms  the  knee-jerk  is  abolished,  and 
hyperiesthesia  of  the  muscles  is  a prominent  feature.  In  sleeping  sick- 
ness these  symptoms  are  absent,  and  the  tremor,  pyrexia,  and  lethargy 

at  once  distinguish  the  two  diseases.  • i v -r 

Intmcranial  Siiphilis  and  Tumours. — Some  cases  of  intracranial  syphilis  ■ 
and  tumours  of  the  brain  have  been  described,  with  a curious  tendency  to  • 
somnolence,  the  person  dropping  oft'  to  sleep  while  at  work.  Such  cases, . 
if  occurring  in  the  endemic  area,  might  present  difficulties,  Imt  in  the  ■ 
former  other  evidences  of  syphilis  would  be  present,  and  in  the  latterr 
the  usual  definite  symptoms  of  a cerebral  tumour  would  be  found.  The  - 
evening  temperature  which  is  so  constant  in  sleeping  sickness  wouldl 

help  to  settle  the  diagnosis.  j 

Chronic  Nephritis. — Chronic  nephritis  with  unemic  symptoms  mayili 
present  some  superficial  resemblance  to  sleeping  sickness.  Such  cases-4 
have  been  sent  into  hospitals  with  the  diagnosis  of  sleeping  sickness d 
but  examination  shewed  that  the  patient’s  urine  was  loaded  with  albumim; 
and  that  albuminuric  retinitis  was  also  present. 

Tabes  and  General  Paralysis  of  the  Insane. — In  some  rare  cases  tli  i -r 
pupils  may  react  to  light  very  sluggishly,  and  in  the  presence  c.i 
Komberff’s  sign  and  the  absence  of  the  knee-jerk  the  question  of  taben 
dorsal  is '’must  bo  considered.  Strangely  enough,  though  syphilis  i 
common  in  Uganda,  parasyphilitic  manifestations  are  very  rare.  Th’ 
tremor  and  evening  pyrexia  would  help  in  the  diagnosis,  though  it 
(piite  possible  both  diseases  might  exist  together.  Perhaps  the  disea  n 
most  closely  resembling  sleeping  sickness  is  general  paralysis  of  tli 
insane,  since  symptoms  of  insanity  are  frequent  in  sleeping  sicknef 
The  temperature  should  help  in  a differentiation,  and  a search  for  ti 
trypanosome  would  settle  the  matter  in  this  as  in  the  cases  of  t’ 
diseases  already  mentioned. 

Prognosis. — The  prognosis  is  always  a grave  one,  and  the  diser. 
almost  invariably  terminates  fatally.  Reported  cures  have  general 
proved  to  he  oidy  temporary  ameliorations,  but  lately  some  cases  hi 
definitely  been  stated  to  have  ended  in  recovery.  This  is  possible  in 
early  case  of  trypanosomiasis,  but  it  is  doubtful  whether  recovery  ' i 
ever  occur  after  undeniable  symptoms  of  sleeping  sickness  have  m. 
their  appearance. 

Treatment. — Many  drugs  have  been  tried,  but  without  any  defi!:i 
results.  Iron,  arsenic,  and  quinine,  especially  in  the  cases  complicci 
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with  malaria,  jjrodiice  a distinct  but  temporary  improvement.  Free 
purgation  with  magnesium  sulphate  or  castor  oil  in  order  to  counteract 
the  persistent  constipation  gives  considerable  relief.  The  thermo-cautery 
and  blistering  the  head  with  iodine  have  been  tried,  but  with  no  appre- 
ciable l)enefit.  Ar-senic  in  increasing  doses,  cleanliness,  good  feeding, 
and  proper  attention  may  prolong  life  considerably,  but  a fatal  termina- 
tion conies  sooner  or  later.  Recently  encouraging  results  have  been 
obtained  by  Ehrlich  and  Laveran  in  the  treatment  of  rats  suffering  fi'om 
“ nagana,”  by  large  injections  of  arsenic  and  trypanred,  an  aniline  dye, 
and  by  Dr.  Todd  in  Liverpool  with  atoxyl.  The  success  of  these  experi- 
ments has  prompted  the  trial  of  those  drugs  in  human  cases,  and  recently 
several  cases  in  Brussels  have  been  said  to  have  been  cured  by  them. 
Such  a statement  is  of  cour.se  premature,  as  years  must  elapse  before  the 
question  can  be  definitely  decided ; it  is  much  more  probable  that  the 
cases  mentioned  are  only  shewing  temporary  improvement,  and  will 
relapse  again  later,  but  still  the  observation  is  interesting  as  it  is  in  all 
probability  along  these  lines  that  a cure  will  come  (cf.  p.  208). 

G.  C.  Low. 
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KALA  AZAR 

By  Lieut. -Col.  W.  B.  Leishmax,  R.A.M.C. 

Synonyms. — Kakt  Dukh,  Kola  Jwar,  iJiun-Dum  Fever  (Leishman),  Non- 
malarkil  liemitteiit  Fever  (Crombie),  Tropical  Splenoniegaly,  Cachectic 
Fever  (Rogers). 

Definition.  — Kala  azar  is  a chronic  and  extremely  fatal  fever,  of  ana 
irregularly  remittent  type,  which  occurs  in  epidemic  form  in  Assam,  and 
in  endemic  form  in  other  parts  of  India  and  the  tropics.  It  is  charac- 
terised by  great  wasting,  a progressive  enlargement  of  the  spleen,  and  a.i 
tendency  to  Inemorrhages  and  dropsical  effusions.  It  is  associated  witlii 
the  presence  in  the  spleen,  liver,  and  other  situations  of  a protozoan; 
parasite,  the  biological  position  of  which  has  not  yet  been  definitehi 
determined. 

History. — Kala  azar  has  existed  in  the  Assam  district  of  India  fo 
many  years,  certainly  since  18G9,  probably  for  long  before  that  date.  AV' 
all  events  in  the  early  seventies  it  attained  epidemic  proportions,  anao 
gave  rise  to  such  a heavy  mortality  among  the  natives  that  villages  wer: 
depopulated  and  whole  disti-icts  thrown  out  of  cultivation.  Startinjii 
apparently,  in  the  district  of  the  Garo  Hills,  the  disease  spread  slowly  ui 
the  river  Brahmaputra,  following  the  usual  lines  of  communication  an; 
trade  routes.  Its  progress  was  very  slow;  for  instance,  the  distance  o:ii 
100  miles  between  the  Garo  Hills  and  Gauliati  was  only  traversed  ii 
seven  years,  and  it  has  now  reached  the  point  at  which  the  river  emergof  ( 
from  the  Eastern  Himalayas  into  the  upper  part  of  the  province  of  Assair-? 
In  its  slo-w  progress  the  disease,  having  fastened  oi\  a village,  usuall 
lingered  there  for  a few  years,  and,  after  taking  a heavy  toll  of  the  i 
habitants,  gradually  died  down,  although  sporadic  cases  were  found 
occur  for  years  after  the  epidemic  virulence  had  been  exhausted.  . 
present  the  disease  still  persists  in  Assam  and  is  the  cause  of  consideral 
mortality. 
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The  Assam  epidemic  attracted  much  attention  in  India  because  of  the 
heavy  mortality  it  occasioned,  and  also  from  the  divergent  views  ex- 
pressed as  to  its  causation.  A wider  interest  has  been  created  bj^  the 
recent  discovery  of  a new  protozoan  parasite  which  is  found  in  practically 
all  cases  of  the  disease ; and,  further,  because  the  same  parasite  has  been 
found  in  cases  occurring  in  many  other  parts  of  India  and  the  tropics. 
There  can  be  little  doubt  that  these  latter  cases  are  also  kala  azar,  for 
the  symptoms  and  lesions  are  identical ; the  sole  diflerencc  being  the 
epidcmicity  of  the  Assam  disease,  and  the  apparentlj’  endemic  or  sporadic 
character  of  the  disease  as  met  with  in  other  parts  of  the  world.  In  the 
following  description  the  essential  unity  of  the  two  forms  is  assumed,  and, 
when  it  is  necessary  to  differentiate  betAveen  them,  the  Assam  type  of  the 
disease  Avill  be  referred  to  as  the  “ epidemic  ” form  and  the  cases  noAv 
being  recognised  elseAvhere  as  the  “ endendc  ” form. 

Geographical  Distribution. — It  is  not  at  jDresent  possible  to  fix  the 
limits  of  the  distribution  of  kala  azar  Avith  any  degree  of  accuracy 
because  of  the  comparatively  recent  date  of  the  discovery  of  the  endemic 
form  of  the  disease,  and  because  the  detection  and  identification  of  the 
parasite  demand  a certain  degree  of  experience  and  technical  skill. 
Although  the  recent  epidemic  in  Assam  has  been  confined  to  the  valley 
of  the  Brahmaputra,  it  is  in  the  highest  degree  improbable  that  this  Avas 
the  first  appearance  of  the  disease  in  India  ; probably  some  of  the  older 
epidemics,  to  Avhich  many  allusions  are  found  in  Indian  history,  AArre  of 
a similar  nature.  As  regards  the  endemic  form,  cases  have  been  reported 
from  many  other  parts  of  India,  from  IMadras,  Calcutta  and  its  neighbour- 
hood, Dinapore,  Ceylon,  and  Burma ; AAdiile  it  has  also  been  met  Avith 
in  China  at  Pekin  and  Tonkin,  in  Arabia,  Upper  Egypt,  Tunis,  and 
Algiers.  In  most  of  these  localities  Avidening  experience  sheAvs  the  disease 
to  be  by  no  means  rare,  and  to  be  the  cause  of  a considei-able  mortality. 

Etiology. — The  causation  of  this  disease  has  in  the  ]iast  been  the 
subject  of  considerable  discussion  and  speculation,  and  very  different 
vieAvs  have  been  expressed  by  those  Avho  investigated  it.  Thus  it  has,  in 
succession,  been  attributed  to  ankylostomiasis  (Giles),  to  a severe  and 
infective  form  of  malaria  (Rogers  (46),  and,  subsequently,  Ross  (51)),  and  to 
infection  by  the  Microcoems  mditensis  (Bentley  (2)).  Even  at  the  present 
moment,  although  the  recently  discovered  parasite  Avould  a[>pear  to  be  the 
cause  of  the  disease,  this  cannot  be  said  to  be  proved  absolutely.  The 
channels  of  entrance  and  of  elimination  are  not  definitely  knoAvn,  and  the 
alternative  host,  the  existence  of  Avhich  is  demanded  by  analogy,  is  still  to 
seek.  In  the  presence  of  these  important  gaps  in  our  knoAvledge  of  the  life- 
cycle  of  the  parasite  any  description  of  the  etiology  of  the  disease  must  be, 
iu  the  main,  speculatiA^e.  There  appears  to  be  little  doubt  that  the  disease 
is  spread  by  human  intercourse,  though  not  by  direct  “contagion  ” in  its 
strict  sense.  Its  communicability  has  long  been  believed  in  by  the 
Assamese,  and  the  history  of  the  Assam  epidemic  sheAvs  that  infection 
IS  carried  to  fresh  villages  or  houses  by  neAV  arrivals  suffering  from  the 
nisease,  the  first  cases  in  a village  usually  appearing  in  the  house  in  Avhich 
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the  new-comer  resides.  Although  natives  are  the  chief  sutlerers,  it  is 
becoming  increasingly  evident  that  Eurasians  and  Europeans  ai'e  fre- 
quently victims,  especially  of  the  endemic  form ; and  there  can  be  little 
doubt  that  many  of  the  deaths  of  Europeans  in  certain  parts  of  India 
which  have  been  and  are  still  recorded  as  due  to  malaria,  chronic 
dysentery,  and  other  complaints,  are  really  the  result  of  kala  azar.  The 
disease  attacks  individuals  at  any  time  of  life,  from  infancy  to  old  age ; 
though  the  epidemic  form  was  said  to  shew  its  heaviest  incidence  upon 
young  adults.  As  regards  seasonal  incidence  little  can  be  said,  because  of 
the  uncertainty  as  to  the  period  of  incubation  and  the  widely  dihering 
conditions  as  to  climate,  temperature,  moisture,  rainfall,  etc.,  prevailing . 
in  the  countries  where  kala  azar  exists. 

As  regards  the  elimination  of  the  parasite  from  the  body,  a funda- 
mental point  in  the  etiology  of  any  parasitic  disease,  we  have  no 
certain  knowledge  ; but  there  are  several  alternative  methods  which  may 
be  briefly  discussed.  (1)  From  the  boAvel.  The  presence  of  the  parasites> 
in  the  intestinal  ulcers,  and  the  intense  degree  in  which  the  liver  is' 
usually  aftected,  render  it  probable  that  they  may  at  times  escape  in  the- 
ftcces,  but,  although  the  probability  cannot  be  denied,  repeated  andii 
exhaustive  search  has  failed  to  demonstrate  their  presence  in  the  dejecta.- 
It  is  i)ossible  that  they  may  escape  detection  because  they  have  undergone 
further  development,  such  as  takes  place  in  artificial  cultures ; but  nc 
forms  corresponding  to  these  cultural  forms  have  been  seen,  and  sued: 
development  in  the  intestine  appears  improbable,  as  artificial  culture 
rapidly  die  if  contaminated  with  bacteria.  (2)  In  the  urine.  The  para 
sites,  when  found  in  the  kidney,  are  confined  to  the  endothelial  cells  Oi 
the  smaller  capillaries — chiefly  the  glomerular  tufts — and  have  never  Iteerij) 
observed  in  the  renal  epithelium  or  the  tubules.  They  have  not  been  foun< 
in  the  urine,  and  they  undergo  no  further  development  in  this  mediun: 
(3)  In  the  bronchial  secretion.  This  is  possible,  but  unlikely,  since  th: 
parasites  are  but  rarely  found  in  the  lungs,  and  then  in  extremely  sma:! 
numbers.  (4)  From  cutaneous  ulcers.  This  is  certainly  one  method  b' 
which  the  parasites  may  escape,  but,  so  far  as  our  present  knowledge  goe< 
it  is  a route  which  can  be  employed  in  a few  cases  only.  In  many  casi 
there  is  no  history  of  cutaneous  ulceration,  and  in  Assam,  where  nice 
are  common  among  the  natives.  Dr.  Bentley  (3)  has  examined  ulcers 
j)atieiits  suffering  from  kala  azar  with  absolutely  negative  results.  TJ' 
discoveiT  of  a parasite  in  Delhi  boils,  morphologically  indistinguishal: 
fi’om  the  “ Leishman  body,”  must  be  remembered  in  this  connexion,  but  tf 
investigations  of  Capt.  James  (19)  and  others  tend  to  shew  that  the  t\ 
parasites  are  not  identical.  It  is  at  least  certain  that  they  differ  altogeth 
in  their  geographical  distribution,  and  that  the  local  condition  of  Dei 
boil  is  one  which  is  never  followed  by  the  grave  .systemic  disease  kno'' 
as  kala  azar.  (5)  The  parasites  may  be  eliminated  in  the  blood.  Th 
occasional  presence  in  the  leucocytes  of  the  peripheral  blood  is  refen 
to  below,  and  it  is  possible  that  they  might  be  present  at  a time  wl: 
one  of  the  hiemorrhages  which  are  so  frequent  in  this  disease  occurs. 
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is  also  possible  that  the  j^arasites  may  be  ■withdrawn  from  the  blood  by 
blood-sucking  insects  such  as  mosquitoes,  biting  Hies,  fleas,  bugs,  ticks,  or 
bv  small  biting  animals  such  as  leeches. 

Artificial  culture  of  the  withdra-wn  from  the  body  by 

splenic  or  hepatic  iJuncture,  ■was  first  successfully  accomplished  by  ^lajor 
Kogers,  and  their  <levelopment  into  free  s^wimming  flagellates  has  since 
been  amply  confirmed.  The  forms  resulting  from  these  cultures  being 
described  elsewhere  (p.  b2),  reference  will  only  bo  made  here  to  some 
of  the  conditions  of  successful  cultui‘e  which  appear  to  bear  upon  the 
etiology  of  the  disease.  Although  the  first  stage  of  development  has 
been  observed  in  the  spleen  after  death,  further  progress  is  only  possible 
when  the  splenic  or  hepatic  blood  is  kept  from  clotting  by  the  addition  of 
sodium  citrate,  and  when  the  tempei'ature  of  the  cidture  is  not  alloAved 
to  exceed  25°  C.  Xo  development  whatever  occurs  at  blood  heat,  37°  C. 
i\lajor  Rogers  (49)  reports  that  by  acidifying  his  cultures  with  a little  citric 
acid  development  occurs  more  certainly  and  more  rapidlj" ; but,  in  a 
recent  case,  I obtained  as  rapid  development  of  flagellates  without  this 
addition  as  with  it.  Still,  it  is  evident  that  a slightly  acid  medium,  if 
unnecessary,  is  at  least"  no  barrier  to  the  development  of  the  jiarasites. 
All  attempts  to  cultivate  the  parasites  in  water  have  failed.  Contamina- 
tion of  the  cultures  with  bacteria  leads,  as  a rule,  to  the  rapid  death  and 
degeneration  of  the  parasites ; but,  in  a case  reported  by  Capt.  Statham 
and  myself,  in  which  the  immediate  cause  of  death  was  a pneumococcal 
septicoemia,  the  ])neumococci  iu  the  cultures  died  and  the  parasites  thrived. 
Attempted  cultivation  in  urine  and  in  highly  diluted  faeces  has  failed. 
Subcultui-e  of  the  flagellates  in  freshly  citrated  human  blood  has  been 
successfid  up  to  the  third  passage,  but  no  further. 

Animal  experiments  by  inoculation  or  feeding,  either  with  the  spleen 
parasites  or  with  the  flagellated  forms  which  develop  from  them  in 
cultures,  have  so  far  proved  completely  negative.  Ainong  the  animals 
which  have  been  tried  are  monkeys,  ral)bits,  guinea-pigs,  rats,  mice,  fish, 
frogs,  leeches,  and  insects  of  various  kinds. 

The  possible  mode  of  infection  may  now  be  shortly  considered,  in 
the  light  of  the  above  facts.  Of  the  three  possible  methods  of  iidialation, 
ingestion,  and  inoculation,  the  two  latter  need  only  be  considered,  as 
infection  by  inhalation  appears  highly  improbable.  As  regards  ingestion, 
many  of  the  known  epidemiological  facts  arc  consistent  with  the  disease 
being  Avater-borne,  for  instance  Lieut.  MacKenzie,  at  Dum-Dum,  fouiul 
that  splenic  enlargement  caused  by  kala  azar  was  common  among  natives 
who  obtained  their  Avatcr-supply  from  the  small  “tanks”  or  ponds  in  the 
vicinity  of  their  huts,  such  ponds  being  notoriously  liable  to  urinary  and 
ffecal  contamination  ; on  the  other  hand,  among  the  natives  Avho  made 
nse  of  the  pure  tap-Avater  sitpplied  by  the  cantonment,  the  cases  of 
splenic  enlargement  Avere  almost  entirely  malarial.  Against  a Avater- 
borne  hypothesis  are  the  failure  of  cultivation  experiments  in  AA^atcr,  and 
the  rapid  degeneration  of  the  parasites  Avhen  ^daced  in  Avater.  There  is, 
however,  a further  possibility  that  the  parasites,  reaching  a AAvater-supply 
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through  fiL'cal  or  cutaneous  elimination,  may  there  find  their  alternative 
host  in  the  shape  of  some  Avater-organisms  or  aiiimalcuhn  in  which  they 
may  develop,  and  which,  when  swallowed  by  another  individual,  may 
cause  infection.  Some  evidence  has  been  l)rought  forward  in  favour  of  fish 
proving  such  hosts,  but  it  awaits  confirmation.  Capt.  Statham  (58),  how- 
ever, as  the  result  of  his  careful  study  of  the  distinbution  of  the  parasites  in 
the  tissues,  considers  it  improbable  that  the  gastro-intestinal  tract  is  the 
original  site  of  infection,  and  thinks  the  general  evidence  is  in  favour  of 
inoculation  through  the  skin.  Inoculation  may  conceivably  take  place  in 
sev^eral  ways,  by  accidental  inoculation  through  ciits,  scratches,  abrasions, 
or  through  the  bite  of  some  fly,  insect,  or  small  animal  Avhich  may 
act  as  carrier  or  intermediate  host  of  the  parasite.  Penetration  of 
unbi'oken  skin  liy  way  of  the  hair-follicles  or  the  ducts  of  the  sebaceous 
glands  is  a further  possibility  suggested  by  recent  work  on  ankylo- 
stomiasis. The  various  alternatives  are  multiplied  and  complicated  by 
our  present  ignorance  of  the  form  in  Avhich  the  parasite  enters  the  body, 
Avhether  as  the  oval  “ Leishman  body,’’  the  flagellated  cultivation  foi’m,  the 
thin  “ spirillar  ” forms,  Avhich  I have  described  as  resulting  from  a process 
of  unequal  longitudinal  fission  of  the  flagellated  parasites,  or,  finally,  in 
some  stage  of  development  as  yet  unrecognised. 

Discussion  of  the  relative  value  of  these  and  other  hypothetical 
methods  of  infection  is  obviously  out  of  place,  more  especially  as  Ave 
shall  proljably  have  definite  information  before  long  as  to  the  facts  of  the 
case.  Major  Rogers’  latest  hjqAothesis  (49)  may,  hoAvever,  be  mentioned  ; . I 
he  considers  that  infection  is  carried  from  case  to  case  by  the  common  i| 
bed-bug ; he  has  not  yet  succeeded  in  infecting  bugs  either  naturally  or 
artificially,  l)ut  has  cultivated  the  parasites  successfully  in  the  acidified  ij 
and  sterile  blood  AvithdraAvn  from  the  stomach  of  bua:s  Avhich  had  been  i 
alloAved  to  bite  normal  individuals.  The  other  evidence  he  l)i’ings  in 
support  of  his  hypothesis  is  somcAvhat  slight,  but  such  a method  ofi 
infection  as  he  suggests  is  by  no  means  improbable,  and  similar  experi- 
ments Avith  leeches,  biting  flies,  or  other  insects  may  result  in  settling.' 
this  most  important  question.^  The  rarity  Avith  Avhich  the  parasites  haveo 
been  detected  in  the  circulating  blood,  and  their  extreme  paucity  in  thosec 
cases  in  Avhich  they  are  found,  constitute  the  chief  difficulties  in  believingj 
that  such  a method  of  transmission  could  account  for  infection  in  all  caseS'J 

Morbid  Anatomy. — Of  the  changes  obvious  to  the  naked  eye  after 
death  from  kala  azar,  those  most  frequently  met  Avith  are  the  greaiij 
emaciation  and  muscular  atrophy,  the  enlargement  of  the  spleen  ancn 
liver,  the  presence  of  dropsical  effusions,  and  ulceration  of  the  largJ 
intestine.  The  post-mortem  signs  A’ary  according  to  the  stage  of  tlw.j 
disease  at  Avhich  death  has  occurred,  and  to  the  presence  or  absence  O' 
complications.  The  most  important  changes,  hoAvever,  can  only  lie  madil 

’ Captain  W.  S.  Paton  has  recently  informed  me  that  he  has  successfully  infected  hup 
at  Madras  by  allowing  them  to  feed  on  kala  azar  iiatients  in  Avhose  peripheral  bloo 
Leishman  bodies  had  been  found.  In  the  gut  of  such  bugs  he  subsequently  foun 
flagellated  bodies  resembling  those  Avhich  develop  in  artificial  cultures  of  the  parasite, 
detailed  account  of  tlajitain  Patou’s  work  Avill  shortly  be  published.— W.  B.  L. 
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out  by  the  use  of  the  microscope  and  the  special  staining  methods  which 
are  necessary  to  demonstrate  the  presence  of  the  parasite  and  its  dis- 
tribution in  the  tissues.  The  parasite  itself — the  “ Leishman  body  ” — 
need  not  bo  described,  as  this  has  been  done  elsewhere  (p.  50).  The 
distribution  of  the  parasite  and  the  changes  which  are  associated  with  its 
presence  in  the  tissues  have  been  closely  studied,  especially  by  Marchand 
and  Ledingham,  by  tophers,  and  by  Statham;  and  the  results  and  con- 
clusions of  these  observers  are  in  close  agreement.  In  general  it  may  l)e  said 
that  the  parasites  are  almost  invarialdy  found  in  the  cytoplasm  of  certain 
nucleated  cells,  seldom,  if  ever,  free  in  the  tissues  or  the  Idood.  The 
nature  of  these  cells  is,  naturally,  a cpiestion  of  the  first  importance,  and 
there  is  practical  unanimity  in  regarding  them  as  of  endothelial  origin. 
They  are  apparently  the  same  cells  as  those  charged  with  melanin 
granules  in  malaria,  and  the  majority  of  them  appear  to  have  originally 
lined  the  walls  of  the  smaller  capillaries  or  lymphatics,  and  to  have 
subsequently  become  detached  from  this  situation.  The  powerful 
phagocytic  properties  of  these  cells  are  well  known,  and  it  appears 
probable  that  phagocytosis  of  the  parasites  plays  an  important  paid  in  the 
extension  of  the  disease  in  an  organ  and  in  its  spread  from  one  organ 
or  tissue  to  another.  What  appears  to  take  place  is  somewhat  of  the 
following  nature : — A parasite,  however  introduced  into  the  body,  gains 
entrance  into,  or  is  taken  up  by  the  phagocytic  action  of,  an  endothelial  cell 
lining  a small  capillary  or  lymphatic,  where  the  slowing  of  the  current 
and  the  narrow  calibre  of  the  vessel  favour  such  action.  The  parasite 
is  not,  however,  destroyed  by  intracellular  digestion  within  the  endothelial 
cell  but  is  able  to  live  and  also  to  multiply.  This  multiplication  occurs  by 
direct  fission,  and  forms  shewing  all  stages  of  division  can  be  seen  in  such 
cells.  As  multiplicatioir  goes  on  the  cell  increases  in  size,  and  the  nucleus 
is  often  displaced  to  one  side ; in  smear-preparations  from  an  infected 
tissue,  in  which  the  individual  cells  can  be  readily  studied,  as  many  as  200 
parasites  may  be  counted  in  a single  cell.  This  process  of  cell-infection 
can  be  best  seen  in  sections  of  an  infected  liver  in  which  the  endothelial 
cells  lining  the  poi’tal  capillaries  are  seen  in  all  stages  of  infection  and  the 
gradual  detachment  of  the  infected  cell  from  the  capillary-rv^all  is  well 
brought  out.  Subsequently,  the  infected  cells  may  rupture,  either  through 
the  tension  caused  b_y  their  burden  of  parasites  or  by  reason  of  a de- 
generation of  the  protoplasm  ; and  the  parasites  thus  set  free  arc  at  once 
taken  up  by  fresh  cells  and  the  ]>rocess  of  intracellular  multijdication 
repeated.  The  so-called  “matrix,”  in  which  small  groups  of  parasites 
are  frequently  found  imbedded,  is,  no  doubt,  made  up  of  portions  of  the 
protoplasm  of  the  cell  which  originally  harboured  them.  The  detached 
and  infected  endothelial  cells  are  probably  iinable  to  move  far  b}'  reason 
of  their  large  size  and  a possible  loss  of  elasticity  and  power  of  accommo- 
dcation  to  the  narrow  lumen  of  the  finest  capillaries  : but  the  smaller  cells 
or  infected  leucocytes  arc  doubtless  carried  away  in  the  blood-  or  lymph- 
currents,  and  it  is  probably  in  this  manner  that  infection  is  spread 
throughout  the  body.  The  occasional  occurrence  of  the  parasites  in  the 
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leucocytes  of  the  periphei’al  blood  has  already  been  referred  to,  but  the 
rarity  of  their  detection  in  this  situation  is  remarkable  in  view  of  the 
intense  infection  which  is  usually  found  in  the  spleen,  liver,  and  bone- 
marrow. 

The  most  obvious  histological  changes  are  found  in  those  organs  or 
tissues  in  which  the  parasites  are  most  abundant,  viz.  the  spleen,  liver, 
and  bone-marrow.  The  mesenteric  glands  are  often  intensely  infected, 
especially  when  they  drain  an  area  of  the  bowel  which  has  been  the  seat 
of  ulceration.  Less  commonly,  and  in  smaller  numbers,  the  parasites 
have  been  found  in  the  pancreas,  kidneys,  suprarenals,  testicles,  and 
lungs. 

The  sflecn  is  usually  enormously  enlarged,  and,  if  examined  im- 
mediately after  death,  is  of  firm  consistency  and  of  a deep  red  colour  on 
section.  The  capsule  is  somewhat  thickened,  and  the  trabecuhe  hyper- 
trophied. Microscopically,  a condition  of  hyperplasia  is  found,  and  the 
organ  is  seen  to  be  gorged  with  blood.  Black  malarial  pigment  is  some- 
times seen,  but  is  frequently  absent.  By  deep  chromatin  staining  the 
parasites  may  be  seen,  usually  in  enormous  numbers,  lying  in  mononuclear 
cells  of  various  .sizes.  These  infected  cells  are  as  a rule  somewhat 
irregularly  distributed  throughout  the  sjdenic  pulp,  some  areas  being 
much  more  intensely  infected  than  others,  while  the  Malpighian  corpuscles 
are  usually  free  from  infected  cells. 

In  the  liver,  although  enlargement  is  less  constant  and  less  in  pro- 
portion to  its  normal  size  than  in  the  case  of  the  spleen,  there  is  usually 
profound  histological  change.  The  appearance  on  section  varies,  being ; 
either  dark  brown  or  shewing  a mottled  brownish  or  yellowish  appearance  ; , 
a “ nutmeg  ” condition  is  not  uncommon.  Microscopically,  the  intra-  ■ 
lobular  capillaries  are  usually  dilated,  and  the  infected  cells,  described  1 
above,  are  seen  in  them  in  large  numbers,  either  free  or  partially  attached!  « 
to  the  walls  of  the  vessels.  In  most  instances  these  infected  cells  arei’P 
more  common  in  the  portal  than  in  the  hepatic  zones  of  the  lobules.  At  I 
moderate  degree  of  cirrhosis  is  sometimes  met  Avith,  but  the  principal 
changes  are  seen  in  the  hepatic  cells,  which  often  sheAV  signs  of  atrophyv  I i 
and  nuclear  degeneration,  Avhile  in  some  I have  seen  advanced  fattyv 
change  j but  the  parasites  have  never  been  seen  in  the  hepcatic  cells.-. 
Black  or  yellow  pigment  may  be  found,  but  neither  foimi  is  invariablyv 
present. 

The  hone-marroio  is  usually  intensely  infected  with  the  parasites,  whicl' 
here  also  occur  in  mononuclear  cells  of  the  same  nature  as  those  in  the. 
spleen  and  liver.  The  yellow  marroAv  i.s  usually  converted  into  reo 
maiiow,  and  is  softer  and  more  diffluent  than  usual.  Histological  change 
is  not  marked  in  the  other  organs,  in  which  the  parasites  are  only  founc 
m small  numbers,  but  here  also  they  occur  in  the  cytoplasm  of  cell! 
similar  to  those  described. 

There  remain  two  situations  in  which  the  parasites  have  been  founo' 
nameljq  in  ulcers  of  the  skin  and  in  ulcers  of  the  intestine,  and  tlf; 
etiological  importance  of  their  occurrence  in  these  ulcers  ivill  be  obviom 
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Ink^tinal  nlcemtian  is  not  uncommon  in  kala  azar  ; and  although  in 
some  cases  the  ulcers  may  be  due  to  dysentery,  in  others  they  appear  tt) 
be  an  integral  part  of  the  disease.  The  colon  and  sigmoid  flexure  are  the 
most  frequent  sites  of  these  ulcers,,  and  a great  variety  of  appearances 
have  been  described  in  different  cases,  varying  from  small  petechiaa 
shewing  no  superficial  erosion,  to  large  ulcers  extending  over  a considerable 
area  of  the  gut.  Cicatrices  of  old  ulceration  are  common,  and  both 
thinning  and  thickening  of  the  gut  have  been  found.  In  view,  however, 
of  the  uncertain  causation  of  the  older  ulcers  in  some  of  the  cases  which 
have  been  described,  it  is  not  at  present  possible  to  define  the  typical 
features  of  the  specific  ulceration  of  kala  azar.  When  the  parasites  are 
foimd  in  these  ulcers  they  ai-e,  as  usual,  intracellular  and  not  ver}’ 
numerous.  In  a few  cases  also  the  parasites  have  been  found  in  small 
papules  and  ulcers  of  the  skirt,  and  also  in  a ljunphatic  gland  draining 
the  area  of  skin  affected  by  one  of  these  ulcers.  Their  presence  in 
cutaneous  idcers  is,  however,  by  no  means  common,  as  main’  have  been 
searched  for  them  in  vain.  Their  occasional  presence  is  of  importance 
from  two  points  of  view:  first,  as  suggesting  a possible  channel  of  elimina- 
tion of  the  parasites  from  the  body,  and  secondhq  as  raising  the  question 
of  the  identity  or  non-identity  of  the  kala  azar  parasites  with  those 
found  in  Delhi  boils  by  J.  H.  Wright  (cf.  j).  55). 

Symptomatology. — The  early  symptoms  of  kala  azar  are  neither 
well  known  nor  well  defined.  From  its  chronic  course,  often  lasting 
from  one  to  two  years,  and  as  cases  are  not  usually  recognised  till  the 
disease  is  established,  the  details  of  history  usually  depend  on  the  state- 
ments of  the  patient  or  his  friends ; there  are  few  cases  on  record 
which  have  been  followed  from  the  onset  by  a medical  man.  Matters  are 
further  complicated  by  the  liability  of  those  dwelling  in  tropical  countries 
to  malarial  and  other  affections  with  symptoms  that  maj'’  thus  be  un- 
intentionally included  in  any  verbal  account  of  the  early  stages  of  a case 
of  kala  azar.  The  literature  of  the  Assam  epidemic  is  also  somewhat 
confusing  in  this  respect,  inasmuch  as  the  -writers,  in  most  instances,  held 
views  of  causation  which  have  since  proved  fallacious,  and  have  probably 
described  as  symptoms  of  kala  azar  features  which  Avere,  in  reality, 
attributable  to  the  disease  Avith  Avhich  they  believed  it  to  be  identical. 
In  this  way  symptoms  of  malaria,  ankylostomiasis,  and  Malta  feA'er  have 
in  turn  been  included  in  the  older  descriptions  of  the  disease.  Bearing 
this  in  mind,  the  Avritings  of  Ross  (51),  Giles,  Bentley  (2),  Rogers,  James, 
and  others  have  been  largely  draAvn  upon  in  the  folloAving  description. 

The  period  of  incubation  is  A'ery  uncertain,  but  it  is  probably  of  con- 
siderable duration ; from  certain  cases  observed  by  Major  L.  Rogers  it  Avould 
appear  to  A'ary  from  three  Aveeks  to  several  months  after  exposure  to  infec- 
tion. Until  our  knoAvledge  of  the  mode  of  infection  is  more  definite  this 
point  cannot  be  definitely  estal)lished.  The  first  symptom  noted  appears 
to  be  fever,  Avhich  may  be  either  intermittent  or  remittent,  and  is 
occasionally  preceded  by  a rigor;  in  the  absence  of  a blood  examina- 
tion it  cannot  be  distinguished  from  an  attack  of  malaria.  Dr.  Bentley 
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has  described  initial  symptoms  of  a gastro-intestinal  or  dysenteric  nature, 
and  at  times  nothing  special  has  been  noted  by  the  patient  except 
steadily  increasing  deliility  and  the  gradual  appearance  of  the  more 
definite  symptoms  which  manifest  themselves  later  in  the  disease. 

Tlie  duration  of  the  initial  attack  of  fever  is  variable,  ranging  from 
two  to  six  weeks ; during  this  time  the  spleen,  and  frecpiently  the 
liver  also,  begin  to  enlarge,  the  enlargement  being  usually  accompanied 
liy  a considerable  amount  of  pain  and  some  tenderness  on  palpation, 
There  are  few  records  of  the  temperature  curves  of  the  initial  fever,  but 
it  appears,  as  a rule,  to  be  irregularly  remittent.  AVIien  this  attack 
subsides  there  is  a general  amelioration  of  the  symptoms ; but,  after  a 
longer  or  shorter  interval,  during  which  the  temperature  is  normal  and 
the  patient  feels  well,  another  attack  of  fever,  resembling  the  first,  occurs; 
this  in  turn  disappears,  only  to  be  followed  once  more  by  fresh  attack.s, 
the  intervals  of  apyrexia  becoming  shorter  and  shorter,  until  they  merge 
in  the  condition  of  continued  fever  which  constitutes  the  second  stage  of 
tlie  disease. 

During  this  first  stage  of  successive  attacks  of  fever  the  enlargement  of 
the  spleen  and  liver  becomes  more  accentuated,  and  these  organs  no  longer 
return  to  their  normal  size,  as  usually  happens  after  the  earliest  attacks, 
while  the  patient  begins  to  shew  evidence  of  the  drain  on  his  strength  in 
the  appearance  of  anremia  and  gradually  increasing  debility  and  wasting. 
The  duration  of  this  stage  averages  one  to  three  months,  but  it  varies 
within  wide  limits,  in  common  with  the  subsecpient  stages.  The  condition 
of  continued  fever  which  constitutes  the  second  stage  lasts,  as  a rule,  from 
seven  to  twelve  months,  and  merges  by  degrees  into  a third  or  final  stage 
of  cachexia,  in  which  the  temperature  may  fall  to  normal  or  below  it, 
with  occasional  conflagrations  of  high  fever  of  a very  irregular  character. 
During  the  second  stage  a condition  of  profound  cachexia  is  gradually 
established,  and  the  sufferers  are  usually  greatly  emaciated  and  debilitated. 
This  progressive  lowei'ing  of  the  vital  powers  may  end  in  death  from 
asthenia ; Imt  death  more  commonly  results  from  one  of  the  complications  : i 
oi’  terminal  affections,  against  which  the  enfeebled  constitution  of  the  • ' 
[)atient  can  make  no  stand. 

Although  the  general  course  of  the  disease  follows  the  lines  described  I m 
aliove,  the  greatest  variations  arc  met  with  in  individual  instances,  and ; i 
cases  may  either  run  a chronic  course  lasting  two  years  or  more,  or  may, . • 
tliough  rarely,  prove  fatal  witliin  two  months  of  the  first  appearance  oD  - 
the  symptoms. 

The  following  individual  symptoms  of  the  disease  may  be  taken  ass 
common  to  both  forms — the  epidemic  and  the  endemic — since,  as  farr  . 
as  our  present  knowledge  goes,  there  is  no  essential  difterence  between  ; i > 
them. 

General  Condition  and  External  Appearance>i.  — Once  the  disease  is- 
cstalfiished  there  are  marked  signs  of  the  progressive  ana;mia  and:  . 
muscular  tatrophj^  The  swollen  state  of  the  spleen  is  frequentlv  visible-  I 
to  the  eye  as  an  alxlominal  tumour  which  may  extend  beyond  the 
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umbilicus ; in  children,  especially,  the  abdominal  distension  thus  caused 
fonus  a striking  contrast  to  the  emaciated  limbs.  The  skin  becomes  dry 
and  fnrfiiraceous,  and,  in  natives  of  India,  is  often  ilarkened  fiom  the 
normal  chocolate  colour  to  a blackness  resend)ling  that  of  an  African. 
This  l>laekening  is  well  known  to  the  natives,  and  is  the  origin  of  the 
name  “ Kala  Azar,”  or  black  sickness.  It  is  not,  however,  due  to  the 
depo.sit  of  pigment  in  the  skin,  as  in  malaria,  but  to  trophic  changes. 
In  Europeans  an  extraordinary  earthy  pallor  of  the  skin  is  common,  often 
of  a yellowish  or  greenish  tinge,  which,  once  seen,  is,  I think,  very 
suggestive.  The  hair  is  apt  to  become  dry  and  brittle,  losing  its  natural 
gloss  and  elasticity,  and  frequently  falls  out  in  quantities. 

The  extreme  emaciation  commonly  seen  in  those  who  survive  to  the 
later  stages  of  the  disease  is  not,  however,  invariable,  cases  being  met  in 
Avhich  the  body  appears  to  be  well  nourished  even  shortly  before  death. 

Fever.- — This,  the  earliest  and  most  frequent  manifestation,  is  also  one 
of  the  most  variable  as  regards  continuity,  height,  and  type.  The 
general  course  has  been 'indicated  above  in  describing  the  three  stages 
into  which  the  disease  may  be  divided.  That  of  the  initial  stage  is,  as  a 
rule,  remittent,  with  an  upper  limit  of  103°-104°  F. ; but,  once  the  second 
stage  of  continued  low  fever  is  reached,  it  follows  a very  irregular  type, 
sometimes  remittent,  sometimes  intermittent ; while,  as  a rule,  the  daily 
maximum  does  not  exceed  101°  F.,  and  in  this  respect  shews  a certain 
amount  of  regularity.  At  times  severer  attacks  occur,  and  the  charts 
may  be  further  complicated  by  intercurrent  attacks  of  malarial  fever  or 
by  inflammatory  complications.  It  has  been  noted  that  at  this  stage  the 
patients  often  appear  to  have  acquired  a certain  tolerance  of  the  fever, 
and  may  be  ignoi'ant  that  their  temperature  is  two  or  three  degrees 
above  the  normal.  Major  Rogers  (48)  further  notes  that  by  two-hourly 
or  four-hourly  observations  a double  or  even  a treble  rise  may  be  noted  in 
the  twenty -four  hours,  an  observation  to  which  he  attaches  diagnostic 
importance.  In  the  cachectic  stage  the  exti'cme  irregularity  of  the 
temperature  is  its  most  distinctive  feattire.  High  remittent  fever  may 
be  present  at  times  with  intermissions  of  apyrexia,  during  which  sub- 
normal re.adings  are  very  common. 

The  spleen  is  almost  invan'ably  enlarged,  and  at  times  attains  enormous 
dimensions,  half  filling  the  abdomen  and  rivalling  the  liver  in  size.  In 
the  early  stages  the  swelling  is  often  accompanied  by  pain  and  tenderness 
on  palpation.  The  organ  is  often  subject  to  great  fluctuations  in  siz.e, 
and  rapid  diminution  of  bulk  has  been  noted  to  coincide  with  a severe 
attack  of  diarrhoea.  The  degree  of  splenic  cidargement  does  not  appear 
to  bear  any  distinct  relation  to  the  severity  of  the  disease. 

The  liver  is  also  frequently  enlarged,  but  not  so  constantl}"  as  the 
spleen,  nor  to  such  a degree ; it  is  seldom  found  to  extend  more  than  one 
or  tAvo  fingers’-breadth  below  the  costal  margin.  Pain  is  complained  of 
at  times,  but  is  neither  constant  nor  severe.  A moderated  degree  of 
jaundice  has  been  noted,  but  this  is  exceptional. 

Some  form  of  oedema  mat'  occur  at  almost  any  stage  of  kala  azar. 
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and  is  seldom  absent  from  tlie  history  of  a case.  It  is,  as  a rule, 
slight,  and  confined  to  the  feet  and  ankles,  but  may,  in  the  later  stages, 
take  the  form  of  ascites  or  effusion  into  the  pleural  or  pericardial  cavities, 
while  death  occasionally  results  from  oedema  of  the  lungs.  Transitory 
oedemas  of  various  regions  of  the  face,  trunk,  or  limbs  are  common,  and 
have  been  a feature  in  the  history  of  every  case  which  I have  examined. 

Ilremorrhar/es  may  occur  at  any  stage  of  the  disease,  and  may  take  the 
form  of  epistaxis,  bleeding  from  the  gums,  hfematemesis,  or  melama ; 
while  cutaneous  htemorrhages,  in  the  form  of  purpuric  eruptions  or  sub- 
cutaneous extravasations,  are  very  common.  This  tendency  to  oedema 
and  hsemorrhage  is  conceivably  associated  with  the  deficient  coagula])ility 
of  the  blood  that  has  occasionally  been  observed.  Intestinal  hsemoi'- 
rhage  may  be  due  to  the  specific  ulceration  of  the  bowel,  but  the 
frequency  of  true  dysentery  and  ankylostomiasis  in  kala  azar  countries 
must  be  borne  in  mind,  as  possibly  complicating  the  case  and  causing 
the  Imemori-hage. 

Changes  in  the  Blood. — The  condition  of  the  blood  A^aries  with  the 
stage  of  the  disease.  As  already  noted,  a progressive  anaemia  is  estab- 
lished as  the  attack  advances,  but  the  loss  of  red  cells  is  less  than  the 
appearance  of  the  patient  would  suggest.  The  average  number  of  i-ed 
cells  is  3-4  million  per  c.mm.,  and  it  is  rare  to  find  them  reduced  to 
2}j  millions.  Nor  is  the  “colour  index”  much  reduced,  when  allowance 
is  made  for  the  low  normal  value  found  to  exist  in  the  Assamese. 
Abnormal  red  cells  and  nucleated  reds  are  rare.  Changes  in  the  numbers 
and  relative  proportions  of  the  leucocytes  arc,  however,  much  more 
frequent  and  important.  Early  in  the  disease  a moderate  leucocytosis  may 
be  found,  but  this  soon  disapj^ears,  and  a marked  leucopenia  is  established 
as  the  disease  progresses,  the  polymorphonuclear  leucocytes  being  chiefly  in  ' 
default.  Major  Eogers  (50)  found  that  in  the  later  stages,  during  apyrexial 
intervals,  the  total  number  of  leucocytes  seldom  exceeded  1000-2000  ' 
per  c.mm.,  while  they  were  occasionally  as  low  as  700-800.  As  regards- 
the  relative  proportions  of  the  different  leiicocytes  two  features  are 
frequent,  a relative  and  absolute  decrease  of  the  pol3nnoi’])honuclear  and 
a relative  increase  in  the  numbers  of  the  large  mononuclear  or  hvaline 
cells.  This  point  is  of  interest  in  view  of  the  importance  which  Major 
Rogers  and  others  have  attached  to  such  a mononuclear  increase  as- 
affording  evidence  of  malaria.  Although  kala  azar  patients  maj'  and  do 
suffer  from  intercurrent  attacks  of  malaria,  there  can  be  no  doubt  that, 
in  these  cases,  the  relative  mononuclear  increase  is  attributable  to  the 
severer  disease ; and  it  is  not  im]u-obable  that  many  cases  of  so-called  i ■ 
“malarial  cachexia,”  in  which  such  a relative  increase  has  bee)i  taken 
as  additional  evidence  of  their  malarial  nature,  have,  in  reality,  been  i 
unrecognised  cases  of  kala  azar. 

A searching  examination  of  films  of  peripheral  blood  may  at  times  ■ 
reveal  the  presence  of  the  recently  discovered  parasite  — the  so-called 
“ Leishman  body  ” or  “ Leishman-Donovan  bod}'  ” — in  the  protoplasm  of 
a leucocyte.  Unfortunately,  from  the  point  of  view  of  diagnosis,  this  is  ■ 
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;i  very  rare  occurrence ; still,  they  shouU  always  be  searched  for,  since,  if 
fonnd,  the  necessity  for  the  performance  of  splenic  or  hepatic  puncture, 
in  order  to  establish  the  nature  of  the  case,  would  be  obviated.  The 
chances  of  success  are  best  when  the  temperature  is  high(  102°-103°  F.),  but 
])arasites  are  so  rare  that  hundreds  of  leucocytes  may  be  searched  before 
a single  individual  is  detected,  and  this,  in  the  presence  of  so  pronounced 
a leucopeuia,  is  no  light  task.  Collection  of  a larger  cpiantity  of  blood 
[O’D-1  C.C.]  in  a capsule,  and  the  addition  of  ‘5  per  cent  of  sodium 
citrate  solution  to  obviate  coagulation,  facilitates  the  search,  the  cori)uscles 
being  centrifuged,  or  allowed  to  form  a sediment  and  the  upper  layer  of 
cells  pipetted  off  for  examination.  It  is  very  doubtful  if  the  parasites 
are  ever  free  in  the  plasma,  except  by  reason  of  the  rupture  of  an 
infected  leucocyte  in  the  process  of  preparing  the  film. 

Major  Donovan  (16)  has  described  eudoglobular  forms  of  the  parasite 
in  the  red  cells  of  the  peripheral  blood,  but  his  observation,  although 
endorsed  by  I.averan,  has  not  been  confirmed  by  other  observers,  and, 
in  the  coloured  plates  which  he  has  published,  these  forms  shew  little 
resemblance  to  the  parasites  as  seen  in  the  spleen,  and  are  more  sug- 
gestive of  the  young  ring  forms  of  malaria  parasites  (cf.  j).  51). 

IS’o  very  constant  symptoms  have  been  referred  to  the  nervous  or 
resjnraton/  systems,  although  in  the  terminal  affections,  which  are  so 
frequently  the  immediate  cause  of  death,  the  lungs  and  the  bi'ain  are  not 
infrequently  involved 

Diriestive  Si/stem. — Disorders  of  digestion  and  failure  of  ap])etite  are 
common,  but  it  is  remarkable  that,  in  the  later  stages,  the  appetite  may 
he  very  good,  and  occasionally  there  is  a craving  for  food  of  an  unusual 
kind,  for  instance,  a desire  for  meat  in  the  case  of  natives,  to  whom  it  is 
forbidden  by  the  laws  of  their  caste.  Intestinal  tlisturbances  are  very 
common,  and  diarrhoea,  of  an  extremely  oI)stinate  and  intractable  kind, 
is  usually  present  at  one  or  other  stage  of  the  disease.  This  is  most 
frequent  in  the  later  stages,  and  plays  no  small  paid  in  the  drain  on  the 
vital  powers,  which  reduces  the  patient  to  such  a pitiful  state  of  ex- 
haustion that  he  falls  an  easy  victim  to  one  of  the  complications  referi'ed  to 
below.  Blood  is  not  infrequently  found  in  the  stools,  and  the  symptoms 
may  be  those  of  dysentery,  and  due  to  au  invasion  of  the  gut  by 
Anuehce  or  by  the  Bacillus  diisenterue  ■,  but  it  may  also  be  due  to  au  ulcera- 
tion of  the  colon,  which  is  apparently  specific,  since  the  “ Leishman  body  ” 
has  been  found  in  such  ulcers  by  Sir  F.  Manson  and  Dr.  Low,  ly  Lieut. 
Christophers,  and  others.  The  intestinal  symptoms  may  l)e  further  com- 
plicated by  the  presence  of  Entozoa,  to  which  the  Assamese  are  especiall}’ 
liable ; ^ Inkj/lostoma  dmdenale,  for  instance,  is  so  frequent  in  that  country 
that  Col.  Giles,  in  his  investigation  into  the  nature  of  kala  azar,  was  led 
to  consider  this  parasite  the  cause  of  the  disease. 

Many  other  symptoms  have  been  noticed  in  individual  cases  during 
the  course  of  the  disease,  but  it  has  been  thought  advisable  to  mention 
those  only  which,  from  the  regularity  of  their  appearance,  are  of  common 
occurrence  and  therefore  of  diagnostic  importance.  Patients  suffering 
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from  a disease  so  chronic  and  exhausting  as  kala  azar  are  peculiarly 
prone  to  intercurrent  attacks  of  other  bacterial  or  protozoan  diseases, 
which  may  thus  lead  to  great  variations  in  the  clinical  picture.  It  is 
well  to  bear  this  in  mind  in  diagnosing  a case  from  the  symptomatology 
alone,  and  in  the  absence  of  definite  proof  of  the  presence  of  the  parasite. 

Terminations. — Cases  of  kala  azar  tend,  in  the  enormous  majority  of 
instances,  to  death.  While  this  may  occur  at  any  stage  of  the  disease, 
usually  during  an  acute  attack  of  pyrexia,  it  occurs  more  commoidy  at 
the  end  of  the  second  stage  or  during  the  final  stage  of  cachexia.  The 
apparent  cause  may  be  simply  asthenia  or  exhaustion,  but,  as  a rule, 
sufferers  succumb  to  some  complication  or  terminal  affection.  The  most 
frequent  of  these  are  diarrhoea,  dysentery,  cancrum  oris,  lung  com- 
plications such  as  pneumonia,  tuberculosis,  or  oedema,  hajmorrhages 
from  the  stomach  or  bowel  or  into  the  membranes  of  the  brain.  Perfora- 
tion of  an  intestinal  ulcer  may  lead  to  a fatal  peritonitis ; meningitis  and 
oedema  of  the  glottis  have  been  met  with  in  a few  instances. 

Mortality. — Kala  azar  is  one  of  the  most  fatal  of  tropical  diseases ; 
daring  the  height  of  its  ravages  in  Assam  the  death-rate  was  jus  high  as 
96  per  cent,  while,  since  then,  it  is  said  to  range  between  that  figure  and 
70  per  cent.  As  .far  as  evidence  has  been  collected  with  regard  to  the 
endemic  disease  this  form  appears  in  no  degree  less  fatal,  although  the 
average  duration  of  the  illness  is  said  to  be  somewhat  longer.  The  diffi- 
culties of  recognising  the  disease  in  its  earlier  stages  have  already  been 
mentioned,  and  it  is  quite  possible  that  slight  cases  may  occur,  followed 
by  recovery,  which,  if  included,  would  lower  the  general  death-rate ; but 
it  is  at  least  certain  that  when  once  the  disease  is  established  the  patient’s 
recovery  is  extremely  improbable,  and  that  if  he  has  entered  upon  the 
third  stage,  or  during  the  second  stage  is  attacked]  by  some  other  grave 
disease,  death  is  almost  inevitable.  In  the  case  of  Europeans,  in  whom 
the  disease  is  by  no  means  uncommon,  the  fatality  is  as  high  as  in  natives, 
and  among  those  Ayho  have  reached  England,  suffering  from  either  form  of 
the  disease,  I have  neither  seen  nor  heard  of  a recovery. 

Diagnosis. — In  the  earlier  stages  there  is  nothing  specially  charac-  i 
teristic  in  the  fever  or  other  symptoms ; and  although  the  absence  of 
malarial  parasites  and  the  resistance  to  quinine  may  arouse  suspicion, 
there  are  undoubtedly  other  fevers  of  unknown  causation  in  tropical ! 1 
countries  which  may  increase  the  difficulties  of  early  diagnosis.  Later,  . ■ 
the  history  of  the  case  and  the  presence  of  the  majority  of  the  symptoms  - c 
detailed  above  make  up  a clinical  picture  which  is  fairly  distinctive,  , ^ 
while  the  existence  of  previous  cases  in  the  patient’s  family  or  neighbour-  , 
hood  increases  the  probability  that  the  case  is  one  of  kala  azar. 
Greater  difficulty  may  be  found  in  the  endemic  form,  especially  in  a > 
district  where  the  existence  of  the  disease  has  not  been  suspected.  I 
have  recently  received  reports  from  Indian  stations  in  which  the  finding,  i : 
of  one  case  has  led  on  investigation  to  the  discovery  of  many  more,  the'  I 
real  nature  of  which  had,  till  then,  been  unrecognised.  The  blood  1 1 
changes,  and  especiall}^  the  leucopenia,  are  si;fficiently  constant  and  1 
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(listillcti^•o  to  be  of  special  diagnostic  value,  while  a history  of  transitoiy 
(edemas,  luemorrhages,  and  purpuric  eruptions  is  rarely  wanting.  Ivala 
azar  is  most  likely  to  be  confused  with  the  condition  known  as  malarial 
cachexia,  and  this  confusion  has  existed,  and  still  exists,  to  so  large  an 
extent  that  a revision  of  the  classical  symptoms  of  malarial  cachexia 
appears  necessary  in  the  light  of  our  knowledge  of  the  existence  of  the 
endemic  form  of  kala  azar.  The  difficulties  aie  not  simplified  by  the 
fact  that  cases  of  kala  azar  may  and  do  sutf’er  from  malaria,  Imt 
Avhen  this  occurs,  the  malaria,  under  appropriate  treatment,  will  dis- 
appear without  any  improvement  in  the  general  condition.  Certainty 
of  diagnosis  can,  however,  be  obtained  by  means  of  splenic  or  hepatic 
punctures,  which  will  disclose  the  presence  of  the  “ Leishman  body  ” in 
those  organs,  but  failure  to  find  them  should  not  necessarily  be  taken 
as  negativing  kala  azar,  as  they  ma}'  be  missed  uidess  the  tissue  has 
been  slightly  broken  up  by  the  needle-point  and  the  parasites  in  this  way 
allowed  to  escape  from  the  cells  into  the  blood  which  is  withdrawn  through 
the  needle.  Should  blood  only  be  withdrawn  no  parasites  ma}^  be  found, 
although  subsequent  examination  after  death  may  prove  them  to  have 
been  present.  It  must  be  remembered  that  the  operation  of  s])lenic 
puncture  is  not  al)solutelj^  free  from. danger,  sevei'al  cases  of  fatal 
hsemorrhage  having  occurred  ; hepatic  puncture  presents  fewer  objections, 
and  is  on  the  whole  preferable.  In  Europeans,  the  general  appearance, 
the  colour  of  the  skin,  and  the  absence  of  malarial  parasites  are,  I think, 
very  characteristic,  and  in  the  past  led  me  to  distinguish  the  endemic 
form  of  the  disease  under  the  name  of  “Dum-Dum  Fever,”  before  finding 
the  parasites  in  one  of  these  cases  at  Netley  (25). 

Prognosis. — From  what  has  been  said  as  regards  mortality  it  follows 
that  this  is  extremel}’  unfavourable.  Still,  recovery  is  not  hopeless, 
and  l\Iajor  Rogers  has  rejjorted  cases  in  Avhich,  the  presence  of  the 
parasite  in  the  spleen  having  been  proved,  sul)sec[uent  exploitation  shewed 
them  to  have  disappeared  coincidently  with  complete  restoration  of  health. 
Speaking  generally,  the  later  the  stage  of  the  disease  the  worse  the 
prognosis.  Prolonged  diarrhoea  or  dysentery  is  of  evil  omen,  as  are  also 
severe  haemorrhages  or  oedemas,  or  the  occurrence  of  any  of  the  com- 
plications mentioned  above.  On  the  other  hand,  favourable  signs  are  an 
absence  of  complications,  long  fever-free  periods,  and  a moderate  degree 
of  anaemia.  Major  Rogers  (50)  lays  stress  on  the  prognostic  ^■alue  of  the 
leucocyte  count,  which,  if  totalling  2000  j)er  c.mm. — and  of  these  at  least 
1000  should  be  polymorphonuclears  — is  a sign  of  amelioration  and 
possible  recovery. 

Treatment. — As  may  be  gathered  from  the  terrible  mortality  of  kala 
azar  this  has  been  most  unsatisfactory  in  the  past,  and  at  the  present 
moment  the  prospects  of  success  are  little  if  at  all  better.  Innumerable 
drugs  have  been  tried  and  abandoned  as  useless,  and  it  would  appear  that 
at  present  the  prosiiects  of  prevention  are  better  than  those  of  cure.  Still, 
we  know  that  recovery  is  not  hopeless,  and  further  research  ma}"  put  us 
in  the  Avay  of  imitating  what  nature  appears  able  to  effect  in  certain  cases. 
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(Quinine  is  the  only  drug  whose  value  is  still  debated ; iNIajor  Eogers 
(12)  considers  that,  if  given  early,  in  large  enough  doses,  and  before  the 
leucopenia  has  become  extreme,  it  may  do  good,  chiefly  by  controlling  the 
fever  and  in  lengthening  the  periods  of  apyrexia.  On  the  other  hand,  it 
has  been  pushed  ad  nauseam  by  many  who  now  regard  it  as  absolutely  value- 
less. In  the  presence  of  such  a desperate  disease  and  the  absence  of 
alternatives  it  should  certainly  be  tried,  if  necessary  by  hypodermic 
injection ; it  is  best  employed  during  the  apyrexial  intervals,  or  when 
the  temperature  is  below  101°  F.  Arsenic,  iron,  nux  vomica,  etc.,  are 
considered  quite  useless.  Another  line  of  treatment  is  to  attempt  to 
combat  the  leucopenia  by  the  administration  of  red  bone-marrow,  either 
raw  or  in  the  form  of  tablets.  This  has  the  effect  at  times  of  increasing 
the  number  of  polymorphonuclears,  and  if  this  can  be  effected  benefit 
may  follow  ; good  results  have  been  claimed  for  it,  and,  though  it  certainly 
fails  in  many  cases,  it  is  worthy  of  more  extended  trial. 

Good  nursing  and  a suitable  regimen  are  of  importance,  great  cai'e 
being  taken  to  avoid  upsetting  the  digestion  by  an  unsuitable  diet. 
Diarrhoea  may  occur  at  any  stage,  and  every  effort  should  be  made  to 
control  it  by  dieting  and  the  use  of  astringents  such  as  bismuth  and 
salol ; in  the  later  stages  it  is  most  intractable,  and  may  become  a . 
dangerously  exhausting  complication.  The  other  complications  demand  I 
their  appropriate  remedies  or  palliatives,  but  the  extreme  exhaaistion  1 
caused  by  the  systemic  disease  seriously  handicaps  the  physician,  and  ! 
coni[)lications  such  as  pneumonia,  cancrum  oris,  frequentl}'^  cause  death. 

Change  of  climate,  or  at  least  removal  from  the  district  in  which  the 
disease  was  contracted,  has  been  advocated,  and  recovery  in  the  case  of  i 
natives  has  sometimes  coincided  with  such  change.  I have  not,  however,  . 
seen  or  heard  of  a recovery  in  the  case  of  Europeans  returning  to. 
England ; possibly,  had  the  disease  been  earlier  recognised,  they  might ' 
have  l)enefited  by  the  change. 

Prophylaxis. — Much  may  be  hoped  from  preventive  measures  when  the  ' 
complete  life-history  of  the  parasite  is  worked  out,  and  the  channels  by  . 
which  it  enters  and  leaves  its  human  host  are  recognised.  Until  we  are  in 
possession  of  this  knowledge  nothing  can  be  done,  at  least  in  the  endemic^  . 
form  of  the  disease.  In  the  epidemic  form  good  results  are  stated  tc 
have  followed  the  segregation  measures  advocated  by  Major  Eogers  (45); 
although  these  were  formulated  at  the  time  he  considered  the  disease  to  b( . 
malaria.  These  measures,  which  aimed  at  the  segregation  of  all  cases  ai. 
soon  as  recognised,  together  with  their  families,  ami  the  abandonment  ancv 
destruction  of  the  quarters  in  which  they  lived,  have  been  successful  ii  1 
preventing  the  spread  of  the  disease  among  coolies  working  in  the  ta  ■ 
gardens  of  Assam.  Quinine  has  also  been  advocated  as  a prophylactic. 

W.  B.  Leishman. 
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MALARIA 

By  Prof.  W.  S.  Thayer,  M.I). 

r SvNO.NY.trs. — Ague  ; Paludism  ; Intermittent  Fever  ; I’ahidisme  (Fr.) ; 

fVechsclJicher  (Ger.);  Puludismo  (It.). 

t Definition. — A specific  infectious  disease,  due  to  the  invasion  of  the 

■<  blood  by  several  species  of  htemosporidia  of  the  genus  Plakmodiwn 
1 malaria/.  This  disease  manifests  itself,  according  to  the  species  of 
« infecting  para.site,  in  three  types  which  are  distinguished  in  common 
by  the  occurrence  of  periodical,  intermittent,  or  subintrant  febrile 
paroxysms. 

Historical  Note. — Easily  recognisable  descriptions  of  the  malarial 
fevers  are  to  be  found  in  the  oldest  medical  writings,  and  remarkably 
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accurate  accounts  of  many  forms  of  the  disease  occur  in  the  works  of 
Ilippoci-ates,  (hilen,  and  Celsus.  By  the  older  authors,  however,  no 
distinct  separation  -was  made  of  that  group  of  fevers  which  we  now 
know  as  malarial. 

Three  epochs  may  he  recognised  in  the  advance  of  our  knowledge 
concerning  malaria.  The  first  of  these  began  Avith  the  introduction  of 
the  use  of  cinchona  in  1640,  and  the  discoA^ery  of  its  specific  action  in 
a limited  class  of  febrile  diseases.  With  this  period  are  especially 
associated  the  names  of  Sydenham,  Torti,  and  Morton.  The  contribu- 
tions to  the  literature  by  these  authors  and  l)y  their  Avorthy  successor 
Laneisi  contain  much  that  holds  good  to-day.  The  hypothesis  of  the 
parasitic  origin  of  the  disease  A\^as,  indeed,  adhered  to  by  all  of  these 
authoi'ities,  and,  in  the  light  of  our  present  knoAvledge,  the  accuracy  of 
some  of  the  older  hj^potheses  is  truly  remarkable.^ 

But  despite  these  clear-headed  men,  confusion  still  existed  as  to  the 
proper  application  of  the  term  malaria  until  the  beginning  of  the  second 
great  epoch  in  1880,  Avith  the  discovery  by  Laveran  of  the  specific  cause 
of  the  disease. 

The  once  preA’ailing  conception  of  the  manner  of  infection  in  malaria 
is  reflected  in  the  term  l)y  Avhich  it  has  come  to  be  knoAvn — maV  aria^ 
But  there  Avere  many  other  hypotheses.  Amongst  other  time-honoured 
conceptions  Avas  that  of  the  transmission  of  the  disease  by  suctorial 
insects.  King  (1883),  Laveran  (1891),  and  Bignami  (1896),  .suggested 
that  the  mosquito  might  be  the  infecting  agent,  AA’hile  Sir  P.  Manson 
(1894)  brought  fonvard  arguments  in  sujAport  of  the  conception  that 
this  insect  might  play  the  jAart  of  intermediate  host  of  the  malarial 
parasite.  But  doubt  and  uncertainty  AAuth  regard  to  the  manner  of 
infection  prevailed  until  the  oi)ening  of  the  last  epoch  in  the  advance 
of  our  knoAvledge — the  demonstration  of  the  agency  of  the  mosquito 
in  the  traiismi.ssion  of  malaria  (1897-99)  by  Prof.  Ronald  Ross,  and  the 
Italian  school  (Grassi,  Bignami,  and  Bastiauelli). 

Etiology. — Manner  of  Infection. — The  infectious  agent  of  malaria — 
Plasmodium  malaria’— is  introduced  into  the  human  organism  by  the 
bite  of  mosquitoes  of  the  family  Culicidic,  su1)-family  Anophelinae,  Avhich 
have  themselves  become  infected  by  biting  individuals  Avhose  blood 
contained  gametes  of  the  malarial  parasites. 

‘ Especially  .striking  is  the  observation  of  Rasori  [1762-1827].  Calandniccio,  Agodino 
Jiasxi  di  Ijodi.  il fondatore  della  truria  parasitaria,  utc.  Catania,  1892,70.  "For  many 
ye.ars  1 have  held  the  opinion  that  the  intermittent  fevers  are  produced  by  j>arasites  whicii 
call  forth  a new  ])aro.\ysni  by  the  act  of  their  reproduction  which  occurs  at  more  or  less 
rapiil  intervals  according  to  the  s))ecies.”  Alongside  of  such  a remarkably  accurate  hvpo- 
thesi.s  it  may  be  of  interest  to  quote  the  curiously  chosen  words  of  Dr.  Thomas  Fuller,  who, 
in  the  |)reface  of  his  E.erndhciniilologia  (4°,  London.  Charles  Rivington,  1730),  re.signedly  says  : 
" 1 believe  with  all  my  He.art,  that  N.aturedoth  (leometrize  in  all  her  Works,  .and  constantly 
kee]>e.th  exact  Proportion,  Measure,  and  Number  ; but  withal  1 am  .as  much  assured  that  we 
have  not  C.a])acities  to  take  in  a distinct  Knowledge  of  them.  . . . Can  .any  Man,  can  .all 
the  .Men  in  the  World,  tho’  .as.sisted  by  An, atomy,  Chymistry,  and  the  best  (il.a.sse.s,  pretend 
positively  and  cert.ainly  to  tell  u.s,  what  p.articles,  how  sized,  figured,  situated,  mixed,  moved, 
ami  how  many  of  them  are  requisite  to  iiroduce  a quartan  ague,  and  how  they  specifically 
differ  from  those  of  a tertian.  ...” 
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It  is  important  at  the  outset  of  a consideration  of  this  disease  to 
realise  that  malaria  does  not  appear  spontaneously  without  the  existence 
of  certain  tlefinite  conditions;  (1)  The  ])resence  of  Anophelinio.  (2)  The 
existence  or  recent  presence  of  cases  of  malaria  (relapses  or  infections 
ac(piired  elsewhere)  from  which  the  mosquitoes  may  derive  the  infection. 
(3)  Climatic  conditions  favouring  the  activity  of  the  mosquito,  suitable 
for  its  infection  and  for  the  further  development  of  the  oocysts  of  the 
parasite.  (4)  Susceptibility  of  the  mosquito  and  of  the  individual 
bitten  to  infection.  In  the  absence  of  any  one  of  these  factors  an  out- 
break of  malaria  is  impossible.  Thus,  there  are  many  regions  in  Avhich 
Anophelime  are  present  Avithout  the  existence  of  malaria,  while  again, 
localities  which  are  definitely  infected  are  quite  safe  at  seasons  of  the 
year  in  Avhich  the  climatic  conditions  are  such  that  mosquitoes  do  not 
bite,  or  that  the  oheysts  of  the  parasite  are  incapable  of  development. 
Moreover,  it  cannot  yet  be  asserted  that  all  Anophelime  are  capable  of 
transferring  the  disease.  While  there  is,  at  i)resent,  no  evidence  that 
other  Culicida?  are  capable  of  acting  as  hosts  of  Plasmodium  malaria’,  it  is 
known  that  Cidex  pipieus  plays  this  part  with  regard  to  the  closely  allied 
parasites  of  birds.  At  the  present  time  the  folloAving  mosquitoes  have 
been  shewn  to  be  capable  of  transferring  malarial  infection.  Anopheles 
bifinxatus  (Europe);  A.  maculipennis  (Europe  and  North  America); 

A.  jesoensis  (Japan) ; A.  martini,  A.  pursati  (Cambodia) ; A.  vincenti 

(Tonkin)  ; Myzomyia  christophersi,  M.  adidfacies  (India) ; M.  fwiesta, 

M.  superpicta,  MyzcrrliynAius  palndis  (West  Africa) ; M.  couslani 

•(Madagascar  and  lieunion) ; Pyretaphorus  cosialis  (Africa)  ; Nyssorhynchus 
lutzi  (Brazil) ; N.  cuhensis  (Panama).  It  is  doubtless  true  that  numerous 
■other  Anophelinm  transfer  the  disease.  The  brothers  Sergent  have 
recently  found  sporozoites,  probably  malarial,  in  the  salivary  glands  of 
A.  algeriensis  and  Myzomyia  hispaniola  in  Algeria. 

Geographical  Distribution. — Malarial  fevers  are  widespread  thi'oughout 
the  temperate  and  tropical  regions  of  the  world.  The  disease  is  lai  ely 
seen  in  cold  climates ; never  above  the  latitude  of  00°  N.  The  severer 
types  of  infection  are  endemic  in  the  tropics,  the  milder  forms  alone 
prevailing  in  temperate  climates.  Malaria  is  especially  common  in 
low,  marshy  regions,  along  the  l)anks  and  deltas  of  large  rivers  and 
lakes. 

In  Europe  the  disease  prevails  in  the  lowlands  about  the  coast  of 
Itiily,  Sicily,  Greece,  Corsica,  and  Sardinia,  and  along  many  of  the 
rivers,  such  as  the  Tilier  and  Po.  Malaria  is  also  met  with  about  the 
coast  of  Spain,  Portugal,  and  France.  In  the  interior  of  France  mild 
forms  of  intermittent  fever  are  seen  in  Sologne,  Brennc,  Bresse,  and 
Dombes,  although  cultivation  and  di-ainage  arc  rapidly  improving  the 
conditions.  The  same  is  true  of  Belgium,  the  Baltic  coast  of  Prussia, 
Silesia,  and  the  plains  of  the  iB'ers  Khine,  Weser,  Elbe,  Oder,  and 
\istula.  In  Austria-Hungary  the  malady  is  common  in  Galicia,  along 
the  Adriatic  coast  and  the  A’alley  of  the  Danube.  IMalaria  prevails  in 
many  parts  of  the  Balkan  Peninsula  and  in  Southern  Pussia,  especially 


244 


SyS7'EA/  OF  MEDICINE 


along  the  A olga,  about  the  borders  of  the  Black  and  Caspian  seas,  and 
in  the  Transcaucasus. 

In  Asia  malaria  is  widespread.  It  is  common  on  the  coasts  of  Asia 
Minor,  Persia,  and  Arabia,  in  Turkestan,  in  Cochin  China,  Tonkin, 
throughout  the  south-east  coast  of  China,  and  in  Formosa ; in  the 
lowlands  and  along  the  banks  of  the  great  rivers  in  India,  in  Ceylon, 
in  the  !Malay  Peninsula,  throughout  the  East  Indies  and  in  the  Philip- 
pines. In  Japan  the  disease  is  infrequent  and  mild. 

Australia  and  most  of  the  islands  of  Oceania  arc  free  from  the  disease. 

In  many  parts  of  Africa  the  malarial  fevers  are  especially  prevalent. 
In  the  Xorth  they  are  observed  in  Eg}q)t,  in  those  regions  which  are 
periodically  under  water,  in  the  lowlands  of  Abyssinia  and  Nubia,  in 
Algeria,  especially  on  the  coast  and  about  the  rivers,  as  well  as  on  the 
coast  of  Tripoli  and  in  parts  of  Tunis.  About  the  coast  of  tropical 
Afi’ica,  on  the  neighbouring  islands  and  along  the  rivers,  the  most 
virulent  forms  of  the  disease  are  met  with,  especially  upon  the  AVest 
coast  from  Senegal  to  Congo. 

In  North  America  malaria  is  observed  along  the  eastern  coast  from 
New  England  to  Florida.  North  of  Mai'yland,  however,  the  severer 
forms  are  rare.  Mild  intermittent  fever  is  also  met  with  in  some  low 
regions  about  the  great  lakes  in  the  United  States  and  in  Canada.  The 
disease  is  cotnmon  in  the  valleys  of  the  Alississippi  and  its  tributaries. 
It  occurs  with  great  intensity  in  the  lower  Mississi])pi  valley,  especially 
in  the  delta  and  along  the  coast  and  the  banks  of  the  rivers  of  Louisiana 
and  Texas.  Mild  forms  of  malaria  prevail  in  the  valleys  and  along  the 
rivers  of  the  Pacific  coast.  In  the  lowlands  of  Mexico  and  in  Central 
America  the  severest  forms  of  the  disease  are  seen.  The  deadly  Chagres 
fever  of  Panama  is  a form  of  festivo-autumnal  malaria.  In  the  Antilles 
malaria  occurs  more  or  less  extensively.  In  South  America  it  is  frequent 
about  the  coast,  notably  in  Guiana,  but  also  in  the  northern  part  of 
Brazil,  in  Bolivia,  Paraguay,  and  Uruguay.  In  the  Argentine  Republic 
malaria  is  rare. 

Influence  of  Climate  and  Season. — The  climatic  conditions  under  which 
malaria  flourishes  are  those  favourable  to  the  development  and  activity  of 
Anophelinm,  i.e.  heat  and  moisture.  In  temperate  climates  the  disease 
appears  only  during  the  warm  season  of  the  year^;  while  in  the  tropics, 
although  occurring  through  much  longer  periods  of  time,  it  prevails 
especially  in  the  wet  season.  In  Rome  the  epidemic  occurs  in  the  latter 
six  months  of  the  year,  the  disease  being  most  frequent  in  August  and 
September.  In  Baltimore  our  figures  agree  closely  with  those  of  the 

' What  is  known  of  the  conditions  under  which  the  parasites  develop  in  the  stoniach- 
wajl  of  the  mosquito  clearly  explains  this.  The  oocysts  grow  best  at  teniperattires  of  from 
20°-30'’  C.  They  are  killed  at  temperatures  steadily  under  16°  C.  The  infected  mosquito 
maj’-,  however,  be  exposed  for  short  periods  to  temperatures  considerably  lower  than 
this— as  low  even,  as  from  10°  to  1.3°  C.  for  an  hour — without  complete  destruction  of  the 
organisms,  provided  the  subsequent  conditions  are  favourable.  If  the  temperature  be  under 
16°  C.  the  oocysts  are  destroyed  (Jancso).  Auophelinm  may  bite  at  a season  considerably 
earlier  or  later  th.au  th.at  which  is  suit.able  for  completion  or  the  development  of  the  oocyst.' 
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Italian  observers,  although  the  largest  number  of  cases  appears  in 
iSeptember  and  October. 

Season  has  also  an  influence  upon  the  t\'pe  of  malaria.  Although 
all  forms  of  the  disease  are  more  frecjuent  at  the  height  of  the  malarial 
season,  yet  during  the  months  of  September  and  October  the  majority  of 
the  cases  in  Baltimore  are  infections  with  the  testivo-autumnal  parasite, 
which,  before  the  month  of  July,  are  e.xtremely  rare,  the  enormous 
majority  of  oases  in  the  spring  and  early  summer  being  due  to  the 
tertian  organism. 

The  following  table  illustrates  the  seasonal  variations  in  the  prevalence 
of  the  individual  types  of  malarial  fever : 


.tail. 

Feb. 

Mar. 

Apr. 

•May. 

Jun. 

•July. 

A Ilf,'. 

Sejit. 

Oot. 

Xov. 

Dec,  Total. 
1 

'Tertian 

12 

12 

28 

51 

7ti 

08 

131 

161 

1.53 

168 

54 

17  931 

tjuartaii 

3 

1 

0 

1 

0 

0 

3 

0 

9 

1 

4 

2 17 

.Estivo-autinmial 

5 

1 

2 

5 

0 

3 

37 

99 

191 

203 

63 

22  633 

umliined  . 

0 

1 

1 

0 

0 

1 

3 

3 

4 

11 

6 

2 ; 32 

1 

20 

l.n 

31 

57 

78 

72 

174 

263 

350 

383 

127 

43  1613 

1 

As  the  preceding  table  shews,  the  malarial  epidemic  in  temjjerate 
climates  disappears  soon  after  the  onset  of  cold  weather  and  frosts, 
^lost  cases  of  the  disease  occurring  in  the  first  half  jmar  are  relapses. 
The  rare  instances  of  apparently  primary  malaria  obsen  ed  in  the  spring 
are  in  great  pan,  j^robably,  examples  of  a prolonged  pei-iod  of  incubation, 
or  cases  in  which  the  symptoms  of  the  primary  attack  ■were  so  slight  as 
to  be  overlooked.  In  Baltimore,  as  in  Borne,  the  epidemic  of  infections 
with  the  tertian  parasite  begins  in  the  early  summci’.  The  epidemic  of 
itifections  with  the  aestivo-autumnal  parasite  is,  properly  s])caking,  an 
re.stivo-autumnal  phenomenon.  The  few  instances  of  infection  with  the 
([uartan  para.site  occur  in  the  autumn. 

The  valuable  observations  accumulated  by  the  Italian  Society  for  the 
Study  of  IMalaria  have  demonsti'ated  that  the  ci)idemic  of  pj-imaiy  attacks 
is  almost  invariably  preceded,  for  a greater  or  less  period  of  time,  by  the 
epidemic  of  relapses — just  as  might  be  exjjectccl  from  what  we  know 
of  the  manner  of  infection. 

Iiijli(ence  of  Moisture. — Moisture  })lays  a very  imimrtant  part  in  the 
prevalence  of  malaria.  The  most  malarious  regions  are  low  and  marshy, 
situated  about  rivei’s  or  lakes.  In  the  tropics  the  rainy  season  and  the 
period  immediatel}'  succeeding  it  are  especially  dangerous.  IMoisture  is 
necessary  for  the  (ievcloi)ment  of  the  eggs  and  larvm  of  Anophelime. 

Soil. — The  most  dangerous  localities  are  those  with  an  impervious 
subsoil,  where  pools  and  collections  of  standing  water  are  common. 


246 


SVS7'£.U  OF  MEDICINE 


S\v;im[)y  districts,  where  the  surface  of  the  ground  is  covered  for  a part 
of  the  time  Ijy  water,  are  especially  favourable  for  the  development  of 
Anopheliiue  and  malaria.  For  many  years  it  has  been  known  that  proper 
drainage  and  canalisation  of  such  areas  are  followed  by  great  improve- 
ment in  the  hygienic  conditions  with  regard  to  the  malarial  fevers. 
Lutz  has  shewn  that  in  some  wooded  and  mountainous  regions,  where 
there  is  no  standing  water,  larvae  of  Ajiophelime  may  develo})  in  great 
numbers  in  fluid  collected  and  secreted  between  the  leaves  and  in  the 
folds  of  certain  plants.  Epidemics  of  malaria  may  break  out  in  such 
localities. 

Altitude. — Malai'ia  is  rare  at  high  altitudes.  The  disease  has,  how- 
ever, been  observed  in  ltal}%  and  in  South  America  at  elevations  of  nearly 
10,000  feet.  Consideration,  however,  of  our  knowledge  of  the  habits 
of  Anophelinse,  would  lead  to  the  anticipation  that,  with  suitable  telluric 
and  climatic  conditions,  altitude  per  se  would  play  but  a small  part.  The 
reported  existence  of  malaria  in  localities  which,  from  general  geographical 
conditions,  might  be  expected  to  be  free  from  the  disease  should  always 
be  carefully  investigated,  for  relapses  may  occur  in  an}’’  climate  and 
under  a great  variety  of  conditions.^ 

Drinking- Jrater. — 'I'he  popular  idea  that  malarial  fever  depends  often 
upon  the  character  of  the  drinking-water  is  based  largely  on  errors  in 
diagnosis.  Investigation  usually  proves  that  the  condition  regarded  as 
malarial  is  in  reality  enteric  fever.  There  is  no  evidence  that  the 
character  of  the  drinking-water  has  any  influence  whatever  upon  the 
development  of  malaria. 

Influence  of  the  Time  of  Day  on  the  Liahitity  to  Infection. — It  has  long 
been  known  that  the  dangers  of  malarial  infection  are  greater  during  the 
evening  and  at  night  than  by  day.  Anophelinm  are  for  the  most  part 
night-biting  mosquitoes. 

Influence  of  Age  and  (S^c.r.— Children  and  infants  are  more  susceptible 
to  malarial  infection  than  adults.  This  is,  probabl\q  in  part,  because  their 
thin  and  delicate  skin  renders  them  peculiarly  subject  to  mosqnito  bites. 
Some  years  ago  I was  told  of  a young  womati  who  always  slejtt  with  her 
baby  sister  in  order  to  escape  the  mosquitoes  which  usually  attacked 
the  infant  by  preference.  Koch,  who  first  ])ointed  out  the  frequency  of 
malarial  infections  in  the  eaily  years  of  life  among  the  natives  of  the 
tropics,  regards  the  prevalence  of  the  disease  among  the  children  of  a 
given  locality  as  an  index  of  the  extent  to  which  malaria  exists  in  that 
region.  Apart  from  this,  age  and  sex  have,  apparently,  no  bearing  upon 
the  prevalence  of  the  disease  except  in  so  far  as  they  affect  the  liability 
of  the  individual  to  exposure. 

Ilace. — In  general  the  dark-skinned  races,  who  have  for  generations 
iidiabited  malarious  regions  in  the  tropics,  appear  to  possess  a relative 
immunity  to  the  disease.  This  may,  however,  be  in  part  acquired  as  a 

' I Imve  mentioned  elsewhere  (41)  an  instance  of  a relapse  of  tertian  fever  occurring 
during  a walking  trip  in  a most  healthy  region  of  the  Alps,  nearly  eighteen  months  after 
the  last  paroxysm. 
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result  of  the  fretiuent  infections  in  youth  ; Koch’s  observations  in  Africa, 
as  well  as  those  of  the  Italian  school,  support  this  interpretation.  On 
the  other  hand,  it  is  undoubtedl}'  true  that  in  the  United  States  the 
negroes  who  have  inhabited  the  country  for  many  generations,  living 
uiuler  conditions  not  essentially  different  from  those  of  the  neighbouring 
whites,  are  much  less  lial)le  to  malarial  infection.  Our  observations  in 
Baltimore  shew  that  the  susceptibility  of  the  negro  is  only  about  a thii'd 
that  of  the  white.  It  may  be  that  the  tliick  skin  of  the  African  renders 
him  somewhat  le.ss  susceptilde  to  the  bites  of  mosquitoes. 

Occupation. — The  influence  of  occupation  on  the  fre(|uency  of  malaria 
depends  Avholly  ujwn  whether  the  individual  is  obliged  to  expose  himself 
to  infection  during  dangerous  seasons  of  the  year  and  at  dangerous  times 
of  the  day.  In  the  rice  fields  of  the  southern  states  of  America,  the 
disease  prevails  among  those  who  are  obliged  to  spend  their  evenings  and 
nights  on  the  plantation,  while  it  is  rare  among  members  of  the  same 
family  who  pass  their  time,  during  the  dangerous  seasons  of  the  year,  in 
the  sandy  “pine  lands”  often  but  a few  miles  distant.  Those  who  live 
in  well-screened  houses  are  in  little  danger,  while  individuals  sleeping  in 
huts  or  uuscreenod  dwellings  are  especially  prone  to  infection. 

InHnence  of  Population  and  Settlements  on  the  Prevalence  of  Malaria. — 
Uniidiabited  regions,  although  infested  by  Anophelinae  are  free  from 
danger.  Infected  mosquitoes  oceur  only  in  the  immediate  neighbourhood 
of  settlements  of  infected  individuals.  It  has  often  becji  observed  that 
the  members  of  exploring  expeditions  have  been  free  from  the  disease  as 
long  as  they  have  been  in  regions  remote  from  native  or  white 
settlements. 

Cijcles  of  Severity. — Remarkable  and  hitherto  inexplicable  variations  in 
the  prevalence  of  malaria  in  districts  in  which  it  is  endemic  have  long 
been  recognised.  In  some  regions  the  disease  may,  indeed,  almost  or 
, entirely  subside,  to  appear  again  after  a period  of  years. 

Congenikd  medarm. — The  possibility  of  the  transmission  of  the  parasite 
through  the  placental  circulation  has,  for  years,  been  a disputed  ])oint. 
It  was  generally  accepted  by  the  older  observers,  and  such  a case  at  that 
of  Duchek,  in  which  a child  born  of  a malarious  mother  and  dying  three 
hours  after  birth,  shewed  a large  pigmented  spleen  together  with  ])igment 
in  the  portal  vein,  is  most  suggestive.  Since  the  discovery  of  the  parasite 
I the  presence  of  organisms  in  the  blood  of  the  new-born  child  has  been 
reported  in  several  instances,  notably  those  of  Rein,  Rouzian,  and  Peters, 
but  in  all  of  these  cases  a sufficient  length  of  time  had  elapsed  since  birth 
to  allow  of  a fresh  infection.  On  the  other  hand,  ii\  a number  of 
recorded  cases,  the  blood  of  infants  born  of  malarious  mothers,  as  Avell  as 
the  placental  blood,  has  been  examined  by  observers  Avho  have  made  a 
special  study  of  this  disease  (Bignami,  Bastianelli,  Cacciui,  Thayer, 
Schaudinn).  In  none  of  these  w'as  there  evidence  of  infection  of  the 
child,  although  parasites  were  found  in  the  peripheral  blooil  of  the  parent 
and  once  in  the  maternal  placenta.  Hitte  desci'ibed  malarial  parasites  in 
the  blood  of  the  umbilical  cord  in  two  cases;  the  article,  however. 
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seems  to  me  unconvincing.  The  transmission  of  malaria  from  parent 
to  offspring  is,  at  all  events,  a rare  occurrence. 

Immunity. — There  is  evidence  of  the  existence  of  a certain  degree 
of  immunity,  both  natural  and  acquired,  against  the  disease.  The 
existence  of  a natural  immunity  is  suggested;  (1)  by  the  relative 
insusceptibility  of  some  dark  races;  (2)  by  the  exemption  fiom  disease 
of  certain  individuals  who  live  in  most  malarious  districts  and  are 
constantly  exposed  to  infection  ; (3)  by  the  insusceptibility  of  occasional 
subjects  to  experimental  inoculation  of  malarial  blood.  Generally 
speaking,  one  attack  of  malaria  does  not  pi'otect  against  subsecpient 
infections ; there  is,  however,  some  reason  to  believe  that  severe  and 
repeated  attacks  do,  in  some  instances,  result  in  a partial  or  complete 
immunity  of  doubtful  duration.  Cases  of  this  sort  have  been  described 
by  Celli,  and  can  be  observed  in  all  severely  malarious  districts,  while 
Koch,  as  has  been  said,  regards  the  relative  immunity  of  the  dark- 
skinned  races  as  largely  due  to  the  great  fi’equency  of  infections  during 
childhood.  The  remarkable  waves  of  intensity  of  malarial  epidemics  in 
localities  in  which  the  disease  is  endemic,  may,  as  Celli  suggests,  be  due 
to  the  periodical  development  and  exhaustion  of  a certain  degi-ee  of 
immunity  among  the  population. 

Pathological  Anatomy. — Death  so  rarely  occurs  in  the  milder  forms 
of  acute  malaria  that  descriptions  of  the  pathological  changes  are  based 
almost  entirel}'  upon  appearances  observed  in  cases  of  pernicious  fever 
of  the  sestivo-autumnal  type.  The  most  striking  point  in  the  appearance 
of  all  the  organs  is  the  general  slaty-grey  colour,  due  to  the  accumulation 
of  pigment  produced  by  the  parasites.  This  pigmentation  is  more 
extensive  in  older  infections,  and  may  vary  considerably  in  its  localisa- 
tion as  is  true  also  of  the  parasites  themselves.  This  is  in  part  because 
much  of  the  pigment  is  contained  within  parasites,  the  irregular  dis- 
tribution of  which  in  the  internal  organs  is  one  of  the  most  remarkable 
features  of  malarial  infections.  AVhile  found  to  a greater  or  less  extent 
in  the  general  circulation,  the  parasites  are  nearly  always  present  in 
special  abundance  in  certain  organs,  notably  the  spleen  and  bone-marrow. 
In  many  pernicious  cases,  however,  individual  organs  may  be  the  scat 
of  a peculiarly  intense  infection,  and  this  special  localisation  of  the 
infection  may  and  often  does  resnlt,  not  only  in  grave  local  disturbances 
of  function,  but  also  in  definite  anatomical  changes  in  the  affected  organ. 
Cases  in  which  individual  organs  are  thus,  as  it  were,  picked  out  often 
present  distinctive  clinical  phenomena,  traceable  to  the  disturbances  of 
function  of  the  affected  part ; these  special  symptoms  may  dominate 
the  clinical  picture. 

In  mild  cases  the  hmin  shews  few  changes.  The  grey  cortex  is  as 
a rule  of  a deejiened,  somewhat  chocolate  colour  which  may  be  striking. 
Areas  of  punctifoiun  hfemorrhages  may  be  found.  In  severe  cases  the 
capillaries  are  crowded  with  pigment-bearing  cells  and  ]xarasitiferous 
corpuscles,  so  much  so,  indeed,  as  to  form  a complete  injection.  The 
endothelium  of  the  capillaries  is  swollen  and  phagocytic,  containing 


MALARIA 


249 


parasites,  pigment,  and  often  degenerated  and  infected  red  corpuscles. 
Thrombosis  Avith  these  elements — the  so-called  “ pigment-thromboses  ” — 
Avith  resultant  ha?moi'rhagc  ma\'  occur.  These  Inemorrhages,  usually  of 
focal  distrilmtion,  may  be  .sufficiently  extensiA-e  not  oidy  to  cause  acute 
manifestations,  but  to  result  in  secondary  sclerotic  changes  (Spiller). 
Monti  and  EAving  Im^e  described  degeneratiA-e  changes  in  coilical 
ganglion-cells,  changes  due,  doubtless,  in  part  to  circulatory  disturbances 
although,  according  to  the  latter  obserA-er,  “ the  comj)aratiA'c  unifoi'inity 
of  the  lesions  noted  indicates  that  a general  toxaunia  is,  eA'en  in  cerebral 
cases,  the  more  important  causal  element.” 

The  tJwradc  orrjans  sheA\',  as  a rule,  little  that  is  charactei'istic  beyond 
the  occurrence  of  pigment-bearing  phagocytes  in  the  capillaries.  In  a 
case  in  AA'hich  cardiac  failure  Avas  a striking  feature,  EAA'ing  found  large 
numbers  of  young  parasites  and  ])igmented  cells  completely  filling 
distended  capillaries  throughout  the  heart-Avall.  Similar  observations 
have  been  made  by  Benveimti. 

The  spleen  is  enlarged,  and  in  acute  cases,  as  in  one  studied  by  Jkarker, 
soft  and  almost  diffluent.  It  is  usually  of  a dark  cyanotic  colour  due 
to  pigment,  and,  in  old  cases,  may  be  almost  black.  The  enlargement 
may  be  so  great  as  to  result  in  rupture,  either  spontaneous  or  after  slight 
injuries ; thus,  I knoAv  of  an  instance  of  rupture  folloAving  aspiration  for 
diagnosis.  The  pulp  is  croAvded  Avith  red  blood -corpuscles  containing 
paiasites  Avhich  are  usually  in  the  later  stages  of  development — bodies 
with  central  pigment  clumps  or  blocks  and  segmenting  bodies.  Youngei' 
forms  are  relatively  Aincommon.  There  are  great  numbers  of  phagocytes, 
usually  mononuclear  elements,  some  of  Avhich  are  about  the  size  of  the 
mononuclear  leucocyte  of  the  blood,  some  macrophages  laden  Avith 
pigment,  parasites,  infected  or  degenerated  red  blood -corpuscles,  and, 
sometimes,  smaller  phagocytes.  Focal  necroses  of  the  pulp  am  not 
uncommon.  Chronic  or  frequently  repeated  infections  result  in  more 
or  less  characteristic  changes  in  the  spleen  Avhich  may  become  greath' 
eiilarged.  On  section,  the  surface  is  of  a someAvhat  slaty  colour ; the 
trabeculm  are  very  prominent ; the  reticulum,  vascidar  sheaths,  and 
septa  are  thickened,  Avhile  .single  or  multiple  lymphatic  C3^sts  may  arise. 
The  gradual  evolution  of  these  changes  has  been  minutely  described 
by  Bignami.  Amyloid  change  has  been  observed  after  long  and  chronic 
infections. 

The  livei'  is  usually  enlarged  and  of  a dark  broAvn,  or,  if  the  infection 
be  severe,  of  a slatj'-grey  colour.  There  is  ahvays  marked  cloudy  SAvel- 
ling.  The  capillaries  are  dilated,  and  contain  numerous  pigment-bearing 
phagocA'tes,  large  macrophages  being  commonly  pi-esent.  The  endothelium 
of  the  capillaries  is  ohen  phagocytic.  The  number  of  parasites  and 
iffiagocytes  in  the  liver  varies  greatly  in  different  cases  and  in  diffei-ent 
parts  of  the  organ,  although,  as  a rule,  the  vessels  contain  fcAv  intra- 
corpuscular  parasites.  Pigment-bearing  cells  are  often  found  in  the  peri- 
vascular tissue  of  the  portal  spaces,  Avhile  the  liver-cells  themselves  may 
contain  pigment  and  altered  red  blood-corpuscles.  Disseminated  areas  of 
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focal  necrosis,  associated  with  capillary  thromboses,  may  occur  (Guarnieri, 
Barker) ; the  necroses  may  be  so  large  as  to  be  recognisable  by  the  naked 
eye.  With  frequently  repeated  infections  the  liver  may  undergo  changes 
resulting  in  enlargement  with  the  development  of  more  or  less  well- 
marked  perilobular  fibrosis,  which  has,  however,  little  tendeTicy  to  con- 
tract ; there  is  consideral)le  irregularity  in  the  size  of  the  lobules,  and 
more  or  less  capillary  dilatation.  As  in  the  case  of  the  spleen,  these  pro- 
gressive changes  have  been  ably  desci-ibed  by  Bignami.  Amyloid  change 
may  occur  after  long-continued  and  repeated  infections.  There  is  no 
satisfactory  anatomical  evidence  that  malaria  alone  is  a cause  of  portal 
cirrhosis  of  the  liver. 

Kidneys. — The  renal  changes  in  malaria  are  usually  slight  as  compared 
with  those  in  the  liver  and  spleen.  The  kidneys  may  be  slightly  en- 
larged, the  cortex  rather  pale,  the  markings  a little  indistinct.  There  is 
usually  little  or  no  evidence  of  pigmentation.  Microscopically,  infected 
I’ed  corpuscles  and  pigment-bearing  leucocytes  are  often  found  in  moderate 
numbers  in  the  glomeruli  and  intertubular  vessels.  lu  some  instances 
more  severe  changes  may  be  found — degeneration  and  e.xfoliation  of  the 
capsular  epithelium  with  albuminous  exudates  into  the  glomeruli  and  focal 
necroses  in  the  cortex,  especially  in  the  area  of  the  convoluted  tubules. 
These  changes,  as  may  be  readily  seen,  cannot  be  correlated  with  the 
insignificant  numl)er  of  parasites  which  are  present,  and  are  probably 
dependent  upon  circulating  toxic  substances.  Ewing  (103)  has  described  a 
remarkable  case  of  fatal  acute  hfemorrhagic  nephritis  in  mstivo-autumnal 
malaria.  In  this  instance  the  cortex  was  remarkably  light  in  colour, 
while  the  medulla  and  papillce  were  extremely  dark  and  slightly  rusty. 
The  cortical  markings  were  completely  obscured,  and  there  was  wide- 
spread degeneration  of  the  epithelium.  The  glomeruli  contjiined  a 
moderate  number  of  pigmented  cells  and  a few  parasites,  while  the  cavities 
of  Bowman’s  capsules  were  distended  by  a granular  coagulum.  Most  of 
the  cortical  capillaries  were  quite  obstructed  by  the  pressure  of  the 
distended  tubules.  The  capillaries  in  the  medulla  and  papilla)  were 
crammed  with  infected  cells  and  parasites,  while  the  discharging  tubules 
were  filled  with  casts,  sometimes  entangling  infected  red  blood-corpuscles 
and  pigmented  leucocytes.  There  was  a large  superficial  infarction  from 
occlusion  of  vessels  by  thrombi  of  infected  red  blood-corpuscles,  and 
numerous  miliary  hamiorrhages  from  rupture  of  capillaries  crowded  with 
infected  globules.  In  this  instance  the  lesions  produced  by  the  special 
localisation  of  the  parasites  in  the  kidney  dominated  the  clinical  picture, 
and  brought  about  the  death  of  the  patient.  The  grave  changes  occur- 
ring  in  hiemoglobinuric  fever  are  discussed  elsewhere  {nde,  p.  296). 
Amyloid  change  has  been  described  in  very  chronic  infections. 

1 he  changes  in  the  yasiro-intesiwal  tract  are  usually  insignificant,  con- 
sisting of  a slight  degree  of  melanosis.  In  other  cases,  however,  the  main 
localisation  of  the  infection  appears  to  be  in  the  intestine.  Here  there  is 
great  injection  of  the  mucosa  with  luemorrhages  and  superficial  necrosis 
and  ulceration.  The  vessels  are  loaded  with  infected  corpuscles  and 
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pigment-bearing  cells,  with  resultant  thrombosis,  necrosis,  ami  haunor- 
rhagc.  Such  cases  may  j)resent  symptoms  like  cholera.  Amyloid  change 
has  been  observed  after  chronic  infections.  Pensuti  has  reported  a 
remarkable  case  of  chronic  malari:i  with  amyloid  change  in  association 
with  Avidesprcad  atroph}’  of  the  intestinal  mucosa,  inasmuch,  howevei', 
as  the  case  is  unique,  its  dependence  upon  malaria  cannot  be  definitely 
asserted. 

The  bone-marrmv  is  often  extensively  pigmented.  The  small  \-essels 
contain  gi’eat  numbers  of  parasitiferous  corpuscles  and  inimerous  macro- 
phages. After  fretiuently  repeated  infections  there  are  usually  signs  of 
active  hyperplasia,  the  marrow  of  the  long  bones  becoming  red  in  con- 
siderable areas.  The  degenerations  which  sometimes  occur  during  acute 
infections  may,  however,  result  in  considerable  injui'y  to  the  blood- 
forming  function.  A megaloblastic  type  of  marrow,  associated  with 
changes  in  the  blood  characteristic  of  pernicious  amcmia,  has  been 
descril)ed  by  Eignami  and  Ewing.  There  may  be  a complete  lack  of 
hyperplasia,  resulting  in  fatal  aplastic  anaemia. 

Supnireiiuls. — Barker  has  described  pi-onounccd  changes  in  the  supra- 
renals,  i.e.  irregular  areas  of  vascular  dilatation  with  numerous  parasites 
in  the  distended  vessels.  Macrophages  may  be  present  in  varying 
number-s,  while  the  endothelium  of  the  capillaries,  as  well  as  the  true 
adrenal  cells,  are  phagocytic.  The  other  organs  shew  little  that  is 
characteristic. 

Clinical  Description. — The  malarial  fevers  fall  into  three  main  types, 
according  to  the  species  of  parasite  causing  the  infection : — 

(1)  Ter  Han  fever  {Plasmodium  rivax). 

(2)  Quartan  fever  {Plasmodium  malarice). 

(d)  JEstivo-autumnal  fever  {Plasmodmm  falciparuvQd 

The  first  two  varieties,  tertian  and  quartan,  are  sometimes  classed  as 
the  regularly  intermittent  fevers,  in  contradistinction  to  cestiw-aidumnal  fever, 
the  manifestations  of  which  are  considerably  more  varialde. 

Our  knowledge  of  the  period  of  incubation  in  malaria  is  based  upon 
the  results  of  experimental  inocidations  by  the  bites  of  infected  mosquitoes 
(ttrassi,  Bastianelli,  Eignami,  P.  T.  Manson,  dancs(')),  aTul  on  the  observa- 
tion of  cases  developing  under  close  medical  .supervision,  where  the  time 
of  inoculation  could  be  determined  with  comparative  accuracy  (Mariotti- 
Bianchi,  Jackson).  The  interval  between  the  time  of  inva,sion  and  the 
first  febrile  symptoms  varies  somewhat  according  to  the  type  of  infection. 
In  quartan  fever  the  period  of  incubation  is  about  .J  weeks  ; iu  tertian 
fever  it  averages  about  14  days;  in  mstivo-autumnal  fever,  from  10  to  12 
days.  But  the  period  of  incubation  may  be  much  prolonged.  ExpeiT 
mental  inoculations  have  shewn  that  it  varies  inversely  as  the  numbei’  of 
parasites  introduced,  while  the  physical  condition,  race,  natural  or 
acquired  resistaiice,  and  general  surroundings  of  the  patient,  as  well  as 

' Tile  malarial  parasites  are  described  on  p.  74.  In  the  nomenclature  of  the  Royal 
College  of  Physicians  of  London  the  parasite  of  aistivo-autummd  fever  is  described  as 
I-ncemnia  malarice  Grassi. — Editoi;. 
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the  vinileuce  of  the  parasite  itself,  must  obviously  play  a part  in  deter- 
mining the  rapidity  of  the  development  of  the  symptoms.  Celli  has 
demonstrated  e.xperimentally  an  incubation-pei'iod  of  47  daj's  in  fjuartan 
fever,  while  in  another  instance,  in  which  the  j)atient  was  treated  before 
inoculation  with  phenocoll,  the  interval  between  infection  and  the  onset 
of  svmptoms  was  66  days.  A possible  explanation  of  the  apparently 
prolonged  periods  of  incubation  in  some  cases  is  that,  after  siiontaneous 
recovery  from  an  infection  the  symptoms  of  which  have  been  so  mild  as 
to  have  passed  unrecognised,  a relapse  has  simulated  a primary  attack. 

Symptoms — 1.  Tertian  Fever. — Infection  with  the  tertian  para- 
site is  the  commonest  form  of  malaria  in  temperate  climates.  The 
symptoms  vary  according  to  the  presence  of  one  or  more  groups  of 
organisms. 

(«)  Single  Tertian  Infections  {Tertian  Fever). — Infections  with  a single 
group  of  tertian  parasites  are  characterised  by’^  intermittent  febrile 
paroxysms,  occurring  at  intervals  approximately  forty-eight  hours  apait, 
each  paroxysm  following  closely  upon  the  segmentation  of  the  infecting 
grou^J  of  organisms.  Prodromes  are  slight.  Two  or  perhaps  four  days 
before  the  initial  attack  the  patient  may  complain  of  slight  indefinite 
syni])toms — headache,  backache,  anorexia,  pains  in  the  limbs,  symptoms 
such  as  are  common  in  any  acute  infection,  though,  often,  the  first  seizure 
may  come,  as  it  were,  entirely  unheralded.  The  paroxysm  is  divided  into 
three  characteristic  stages — the  cold  stage,  the  hot  stage,  and  the  defer- 
vescence or  sweating  stage. 

The  cold  stage  is  immediately  preceded  by  indefinite  feelings  of  malaise, 
headache,  and  general  lassitude,  often  by  vertigo,  and  sometimes  by 
nausea  and  vomiting.  By  this  time  a slight  rise  in  the  bodily  temperatui'e 
has  already  set  in.  Chilly  sen.sations,  at  first  interrupted  by  slight  fiu.shcs 
of  heat,  soon  follow,  increasing  until  the  patient  falls  into  a general  rigor. 
The  chill  may  be  very  severe.  The  sufferer  shakes  from  head  to  foot, 
and  begs  for  coverings  and  hot  applications ; the  teeth  chatter ; the 
movements  are  so  violent  that  the  bed  may  shake  : the  face  is  drawn  and 
pinched ; the  extremities  cold  and  shrunken ; the  skin  is  cool  and  often 
rather  cyanotic  • sometimes  pale  and  moist.  The  pupils  are  usually 
dilated;  the  pulse  small,  rapid,  and  of  rather  high  tension,  sometimes 
irregular.  Nausea  and  vomiting  arc  common  during  the  paroxysm,  and 
there  may  be  diarrheea.  The  urine  is  increased  in  quantity.  There  is 
severe  headache,  and  aching  pains  in  the  back  and  legs  ; sometimes 
vertigo  and  tinnitus  aurium.  The  duration  of  the  chill  varies  from  ten 
minutes  to  an  hour.  Not  infrequently  no  actual  shaking  may  occur,  the 
l)atient  complaining  only  of  chilliness.  Occasionally  sensations  of  cold 
may  be  entirely  absent.  Out  of  332  cases  of  tertian  fever  occurring  at 
the  Johns  Hopkins  Hospital,  chills  or  chilly  sensations  were  present  in 
9r~)  per  cent.  During  the  chill  the  temperature  rapidly  rises,  reaching 
its  maximum,  as  a rule,  within  two  hours  after  the  onset  of  the  paroxysm. 

\\  ith  the  subsidence  of  the  chill,  intermittent  flushes  of  heat  usher  in 
the  so-called  hot  stage  of  the  paroxysm.  There  is  a subjective  sensation 
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of  intense  heat ; the  skin  is  flushed,  hot,  and  dry  ; the  conjunctivie 
injected.  The  pulse  remains  rapid,  but  is  softer  and  not  infrecpiently 
dicrotic.  The  patient  complains  bitterly  of  headache,  vertigo,  pains  in 
the  back  and  e.xtremities,  and  often  of  tinnitus  aurium  ; he  is  very  restless, 
and  frequently  delirious,  tossing  about  and  throwing  asitle  the  hcd-clothes. 
One  of  our  cases,  a patient  with  tertian  fever,  sprang  out  of  the  window 
in  his  delirium.  But  the  patient  may  be  dull  and  apathetic,  complaining 
of  severe  headache  and  backache,  and  jiresenting  an  ap])earance  not  unlike 
that  in  enteric  fever.  Somnolence,  and  even  coma,  though  very  rare  in 
this  type  of  malaria,  may  occur.  There  is  intense  thirst.  There  may 
be  a slight  cough,  while  nausea,  A’omiting,  and  diarrhoea  are  common. 
Abdominal  pain,  sometimes  referred  to  the  region  of  the  spleen,  is  not 
unusual.  There  may  be  bleeding  from  the  nose.  In  children,  convulsions 
of  varying  severity  not  infrequently  take  the  place  of  the  malarial 
paroxysm.  The  patient’s  appearance  is  characteristic ; he  is  usually 
flushed,  the  conjunctivae  suffused  and  injected,  the  tongue  dry  and  coatecl. 
Tlie  sallow,  earthy  hue  of  the  skin,  associated  with  a slight  yellowish  tint, 
is  remarkably  characteristic  of  the  disease.  If  many  paroxysms  have 
occurred  there  is  usually  a slight  anaemia.  Herpes  about  the  lips  and 
nose  is  common.  There  is  often  slight  bronchitis.  The  spleen  is  enlarged 
and  u.sually  palpable  ; soft  in  early  cases ; harder  in  those  of  long  dura- 
tion ; after  repeated  attacks  it  maiy  attain  a considerable  size,  extend- 
ing to  or  even  below  the  umbilicus.  Splenic  enlargement  is  especially 
notable  in  children.  Erythema  or  urticaria,  sometimes  of  a remarkable 
morbilliform  character,  not  infrequently  accompanies  the  paroxysm.  A 
jiurpuric  rash  is  sometimes  observed.  Erythema  nodosum  has  been 
described  (iMoncorvo,  liiva-Eocci).  During  the  hot  stage  the  temperature 
reaches  its  maximum,  which  is  often  above  105°  F.  The  duration  of  this 
stage  is  usually  four  or  five  hours,  though  it  may  be  considerably  longer. 

The  onset  of  the  siceatinri  stage  brings  relief  from  the  sensation  of  heat. 
The  sweating  soon  becomes  profuse,  and  sometimes  drenching.  The 
temperature  falls  rapidly,  the  pulse  becoming  slow  and  regular,  while  the 
patient  often  sinks  into  a refreshing  sleep.  Within  a few  hours,  rarely  more 
than  four,  the  temperature  falls  below  normal,  usually  remaining  sub- 
normal during  the  greater  part  of  the  intermission.  The  length  of  the 
entire  febrile  paroxysm  in  cases  of  single  tertian  malaria  averaged,  in  our 
cases,  about  eleven  houi's.  These  paroxysms  are  more  frequent  duimig 
the  day  than  at  night,  the  onset  occurring  generally  in  the  late  morning 
hour.s. 

During  the  greater  part  of  the  intermission,  which  lasts,  as  a rule, 
fully  thirty-seven  hours,  the  temperature  is  subnormal.  The  patient  feels 
remarkably  well — often,  indeed,  the  effects  of  the  paroxysm  have  entirely 
disappeared — and  gets  up  and  goes  about  his  business,  believing  that  he  has 
recovered.  But  almost  exactly  forty-eight  hours  from  the  onset  of  the  first 
paroxysm  a second  similar-  attack  occurs,  and,  if  ti’eatment  be  neglected, 
febi'ile  periods  and  intermissions  alternate  with  great  regularity. 
Although,  as  is  well  known,  the  cycle  of  existence  of  the  tertian  parasite 
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is  about  forty-eight  hours,  yet  the  periods  of  sporulatioii  often  occur  at 
intervals  slightly  shorter  or  longer  than  this  time.  In  such  instances  the 
I'esultant  paro.xysms  ai>pear  at  intervals  somewhat  less  or  somewhat  more 
than  forty-eight  hours — so-called  “anticipating”  or  “retarding”  attacks. 
Ketai'datioii  is  sometimes  observed  in  connexion  with  spontaneous  recovery 
or  after  taking  ([uinine. 

Examination  of  the  Hood  reveals  the  presence  of  one  generation  of 
tertian  parasites.  The  first  intracellular  forms  of  the  schizont  become 
evident  during  the  paroxysm.  These  are  extremely  delicate,  pale, 
hyaline  discs  about  l’5-3p  in  diameter.  They  are  activel}'’  amoel)oid. 
Soon  after  the  beginning  of  development  fine,  l^rownish  pigment-granules 
appear,  and  increase  in  number  with  the  growth  of  the  parasite.  On  the 
day  of  intermission  the  young  schizont  has,  at  rest,  a diameter  of  more 
than  half  that  of  the  normal  red  blood-corpuscle.  But  the  organism  is 
rarely  at  rest ; its  amoeboid  activity  throws  it  generally  into  irregular 
and  liizarre  shapes.  The  index  of  refraction  of  the  parasite  dilfers  so 
slightly  from  that  of  the  containing  corpuscle  that  the  outline  of  the 
body  is  often  barely  distinguishable,  while  the  pigment-granules,  collecting, 
as  they  do,  at  the  bulbous  extremities  of  several  pseudopodia,  give  the 
impression  at  first  glance  of  three  or  four  separate  parasites,  instead  of  a 
single  irregularly-shaped  organism.  The  surrounding  corpuscle  at  this 
stage  is  already  materially  larger  thau  its  neighbours,  and  is,  moreover, 
less  decolourised.  In  some  cases  the  decolourised  corpuscle  shews  a number 
of  glistening  granules  which,  in  specimens  stained  by  Komanovsky’s 
method,  take  a deep  red  colour — the  so-called  Schiitt’nei-’s  granules.  On 
the  day  of  the  paroxysm,  five  or  six  hours  before  its  onset,  the  parasites 
are  nearly  as  large  as  the  normal  red  corpuscle,  and  wholly  immobile ; 
the  pigment  is  coarser,  darker,  and  less  active,  and  the  surrounding 
corpuscle  wholly  decolourised  and  scarcely  discernible.  Shortly  after 
this,  beginning  several  hours  before  the  paroxysm,  early  segmenting 
forms  are  seen.  The  pigment  collects  at  one  point  in  the  organism, 
which  assumes  a somewhat  granular  appearance ; glistening  dots  repre- 
senting the  chromatin  of  the  individual  segments  begin  to  appear,  and 
finally  the  outlines  of  the  12-24  separate  merozoites  become  distinct. 
Segmenting  bodies  may  be  seen  throughout  much  of  the  paroxysm. 
Large  vacuolating  and  fragmenting  bodies  are  also  common  at  this 
period.  After  several  paroxysms  the  large,  non  - motile,  spherical, 
gametes  with  actively  dancing  pigment-gi'anules  may  be  seen  in  varying 
numbers,  and  if  the  specimen  be  studied  for  over  ten  minutes,  fiagellatiou 
of  microgametocytes  may  lie  observed  with  the  liberation  of  microgametes. 

The  parasites  are  less  abundant  in  the  peripheral  circulation  during 
the  pei-iod  immediately  preceding,  and  at  the  time  of  the  paroxysm,  than 
they  are  during  the  periods  of  intermission,  l)ecause  the  mature  bodies 
tend  to  accumulate  in  the  internal  organs,  especially  in  the  spleen.  Tlie 
ojiset  of  a paroxysm  may  be  predicted  with  certainty  from  the  discovery 
of  segmenting  bodies  in  the  circulation.  During  the  paroxysms,  and  to 
a certain  extent  at  other  j^eriods  of  the  infection,  evidences  of  phago- 
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cytosis  may  be  found  in  tlie  presence  of  pigmented  white  elements, 
sometimes  polymorphonuclear,  often  mononuclear  in  character,  containing 
grannies  or  blocks  of  pigment  similar  to  those  seen  in  segmenting  forms. 
On  a slide  of  fresh  blood  active  j)hagocytosis  may  be  observed  at  any 
stage  of  development  of  the  parasite,  whenever  an  organism  breaks  out 
of  a red  cell.  The  elements  taking  part  in  the  phagocytosis  observed  in 
the  fresh  s[)ecimen  are  polymorphonuclear  leucocytes  ; those  containing 
the  pigment  blocks  are  usually  mononuclear  elements. 

Further  examination  of  the  blood  reveals  a slight  aupcmia,  if  there 
have  been  several  j^aroxysms.  The  leucocytes  are  reduced  in  number, 
the  percentage  of  polymorphonuclear  neutrophils  decreased,  that  of  the 
large  mononuclear  elements  augmented.  The  urine  in  tertian  fever 
shews  no  especially  characteristic  changes.  A slight  trace  of  albumin  is 
often  present,  having  been  found  in  38'3  per  cent  of  344  cases. 

(b)  Double  Tertian  Infedums  {Quotidian  Ferer). — Infections  with  two 
grou])s  of  tertian  parasites  are  commoner  than  single  tertian  infections. 
In  these  instances  segmentation  of  a generation  of  parasites  occurs  daily, 
resulting  in  ([uotidian  intermittent  fever.  Though  the  time  of  segmenta- 
tion of  the  groups  of  parasites  reaching  maturity  on  successive  days  is 
often  nearly  the  same,  yet  an  analysis  of  the  temperature  chart  usually 
shews  a definite  relation  between  the  hours  of  onset  and  the  character  of 
the  paroxysms  occurring  every  other  day.  The  symptoms  differ  in  no 
essential  from  those  in  single  tertian  infections.  The  paroxysms  are, 
however,  somewhat  shorter,  lasting  on  an  average  between  ten  and 
eleven  hours.  The  dependence  of  the  symptoms  upon  two  groujis  of 
parasites  may  sometimes  be  demonstrated  by  the  administration  of  a 
small  dose  of  quinine  at  about  the  time  of  a paroxysm.  The  drug, 
exercising  its  most  active  influence  upon  tlie  extracellular  organisms, 
segmenting  bodies,  and  free  merozoites,  may,  if  administered  at  this  time, 
by  destroying  the  segmenting  group  of  parasites,  change  the  type  of 
fever  from  (piotidian  to  tertian.  Examination  of  the  blood  shews  two 
groups  of  tertian  organisms  at  different  stages  of  development  con-e- 
sponding  to  the  time  of  onset  of  the  paroxysms.  Thus,  at  the  time  of  a 
paroxysm,  while  one  group  is  represented  by  full-grown  parasites, 
segmenting  forms  and  fresh  hyaline  l)odies,  the  second  generation,  is 
present  in  the  shape  of  half-grown,  pigmented,  amoeboid,  inti-acellular 
elements. 

(c)  Multiple  Tertian  Infections  {Irregular  Remittent  Fever). — Occasionally 
infections  with  multiple  groups  of  tertian  parasites  may  occui'.  In  such 
cases  the  paro.xysms,  becoming  subiutrant,  result  in  apparently  irregular 
remittent  fever.  The  diagnosis  may  be  made  by  examination  of  the 
blood.  Occa.sionally  in  severe  nudtijfle  infectious  but  few  j)arasites  are 
to  be  found  in  the  peripheral  circulation,  the  greatei'  i)art  of  the  develop 
inent  going  on  in  the  internal  organs.  Such  cases,  however,  are  unusual 
and  exceptional. 

2.  QuAliT.^N  Fever.  — Infections  with  the  quartan  parasite  arc 
almost  everywhere  rarer  than  tertian  malaria.  In  some  localities  they 
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are  not  observed.  In  Italy  there  are  certain  regions  where  quartan  fever 
is  especially  frequent.  In  Baltimore,  out  of  1613  cases  of  malaria,  there 
were  but  1 7 instances  of  (juartan  infection. 

(«)  Smjh  Qnaiiait,  Infections  {Quartan  Fever). —In  infections  with  a 
single  group  of  tpiartan  parasites  the  paroxysms,  corresponding  with  the 
segmentation  of  parasites,  occur  with  great  regularity  at  intervals  of 
approximately  seventy-two  hours.  The  paroxysms  differ  in  no  way  from 
those  of  tertian  fever,  the  periods  of  intermi.ssioii — associated  likewise 
with  subnormal  temperature — are,  however,  twenty -four  hours  longer. 
Slight  anticipation  or  retardation  may  occur  as  in  tertian  fever.  The 
diagnosis  is  readily  made  by  the  examination  of  the  blood,  which  shews 
a single  group  of  quartan  parasites.  Fresh  young  schizonts  begin  to 
appear  in  the  red  blood -corpuscles,  as  in  tertian  fever,  during  the 
})aroxysm.  A few  hours  later  pigment-granules  appear  at  the  periphery 
of  the  parasite,  the  amoeboid  movements  of  which  are  much  less  active 
than  in  the  tertian  organisms.  On  the  second  day  the  schizont  is  some- 
what larger,  very  slightly  amoeboid,  the  pigment  lying  at  the  periphery. 
The  organism  is  at  this  stage  easily  distinguishable  fi-om  the  Flasnwdiam 
vivax  b}^  its  relative  lack  of  amoeboid  activity,  its  greater  refractiveness, 
and  the  slight  motility  and  peripheral  arrangement  of  the  pigment- 
granules.  The  surrounding  red  corpuscle  is  often  rather  smaller  than 
its  neighbours ; it  may  already  be  of  a somewhat  deeper  colour.  On  the 
third  day  the  parasite  is  a little  larger,  and  often  of  a somewhat  ovoid 
shape ; it  is  opiite  motioidess.  The  pigment  is  coarse  and  iieripherally 
arranged.  The  infected  corpuscle  is  represented  by  a small  rim  of 
rather  greenish  or  brassy -colon red  refractive  protoplasm.  The  whole 
])ody  is  smaller  than  the  normal  red  blood-corpuscle.  On  the  day  of  the? 
paroxysm,  sometimes  as  much  as  eight  to  ten  hours  before  its  onset,, 
evidences  of  segmentation  are  observable.  The  small  rim  of  surrounding, 
corpuscle  is  barely  visible,  while  the  pigment  begins  to  collect  towards? 
the  centre  of  the  parasite,  flowing  in  in  radiating  lines.  This  is  rapidly, 
followed  by  the  develo])incnt  of  the  characteristic  regular  segmenting: 
bodies  with  six  to  twelve  merozoites.  Large  vacuolating  and  fragmenting: 
forms,  as  well  as  evidence  of  phagocytosis,  are  especially  common  at  this' 
period,  as  in  tertian  fevei:  Large  pigmented,  sexually -mature  forms? 

(gametes)  and  flagellate  bodies  may  be  observed  at  any  time  in  older 
infections.  Gametes  are,  however,  less  frequent  in  quartan  than  iir 
tertian  fever.  Segmenting  liodies  begin  to  appear  eight  or  ten  hours- 
before  the  onset  of  the  paroxysm.  The  quartan  parasites,  occurring  witF 
much  greater  relative  frequency  in  the  peripheral  circulation  than  eithei : 
of  the  other  species  of  malarial  organism,  are  to  be  found  in  the  fresL 
specimen  of  blood  in  even  very  mild  infections.  The  discover}’  0 
segmenting  organisms  in  the  peripheral  circulation  in  tertian  fever  is  ai 
almost  certain  indication  of  an  impending  paroxysm.  In  quartan  fevei 
however,  all  stages  of  the  organism  may  be  studied  in  the  blood  in  ir 
fections  so  mild  as  to  be  wholly  free  from  fever. 

(A)  Double  Quartan  Infections. — In  infections  with  two  groups  of  th 
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quartan  parasite,  paroxysms  occui-  on  two  successive  days,  followed  I)}’  a 
day  of  intermission.  The  jjaroxysms  are  in  every  way'  similar  to  those 
observed  in  single  quartan  infection.  The  diagnosis  is  easily  made  by' 
c.xamination  of  the  blood. 

(f)  Triple  (Juarfan  Infections  {Quotidian  Fever). — Triple  quartan  infec- 
tions result  in  quotidian  intermittent  paroxysms,  which  may  re.semble  in 
every  way'  double  tertian  fever.  xV  careful  study  of  the  chart  will 
generally',  however,  I’eveal  a similarity'  licr.ween  the  hours  of  onset  and 
charactei’  of  the  paro.xy'sms,  occurring  seventy'-two  hours  apart,  sufticient 
to  indicate  the  nature  of  the  infection.  Examination  of  the  blood  reveals  the 
presence  of  tliree  groups  of  quartan  parasites.  Since,  as  mentioned  above, 
((uartau  organisms  are  so  common  in  the  peripheral  circulation,  it  is  often 
tlie  case  that  single  or  double  quartan  fever  may'  occur  in  a patient  wliose 
blood  shews  three  distinct  groups  of  parasites,  only'  one  or  two  of  which 
have  reached  a degree  of  development  sutKcient  to  cause  a definite  febrile 
reaction.  The  urine  in  quartan  fever  shews  no  characteristic  changes. 

■ A trace  of  albumin  is  often  present. 

3.  *EsTivo-ArTUMXAL  INFECTIONS  {JisH VO -autumnal  Fever).  — The 
Eestivo-autumnal  fevers  prevail  in  the  tropics,  occuiring  in  temperate 
climates  only'  at  the  height  of  the  malarial  season.  Infections  with 
i Plasmodinin  falciparum  (Laverania  malarue)  are  especially  notable  for 
their  tendency'  toward  irregularity^  and  toward  the  develoi)ment  of 
remittent  or  .subcontinuous  fever,  as  well  as  for  the  frequency^  Avith 
which  “ })ernicious  ” .symptoms  appear.  The  continued  and  remittent 
character  of  the  fever  in  many  cases  depends  probal)ly  on  the  arrangement 
of  the  para.sitcs  in  groups,  the  segmentation  of  which  extends  over  long 
periods  of  time,  resulting  in  paroxy'snis  of  longer  duration,  which, 
|i  from  their  special  tendency  to  anticipation  and  retardation,  often 
I become  subintrant.  Again,  infections  with  multiple  groups  of  parasites 
I arc  frequent.  In  most  ca.ses  definite  paroxysms  may  be  easily  traced 
I'  upon  the  cai-efully  kept  clinical  chart,  and  on  analy'sis  the  febrile  curve  is 

\ more  or  less  regular.  Inasmuch  as  the  cycle  of  development  of  the 

I common  variety'  of  aestivo-autumnal  ])arasite  lasts  about  forty-eight  hours, 
I the  intermittent  fever  of  aestivo-autumnal  malaria  is  of  the  tertian  type 
1 — a fever  which  has  fairly  definite  characteristics  {malignant  tertian  fever). 

I The  striking  feature  of  icstivo-autumnal  fever  is  the  great  length  of  the 
^ paroxysms,  w'hich  are  often  of  over  twenty'-foui’  hours’  duration,  differing 
\ materially'  from  those  of  the  regularly  intei'mittcnt  fevers.  The  onset 
i may'  be  abrupt,  but  is  frequently  gradual  and  insidious.  The  chill  was 

r absent  in  nearly  one-third  of  our  cases,  and,  Avhen  present,  Avas  often 

> abortive  or  delayed,  coming  on  only  after  the  paroxysm  Avas  Avell  under 
4 Avay.  The  general  symptoms  are  usually  severe,  the  gravity  of  these 
so-called  “dumb  chills”  being  Avell  recognised  by  the  inhabitants  of 
[4  malarious  districts.  There  is  severe  headache,  intense  aching  pains  in 
i the  back  and  extremities,  often  vertigo  and  tinnitus  aurium ; nausea, 
ti  vomiting,  and  diarrhoea,  especially  in  children,  are  frequent.  Delirium, 
•I  mild  and  muttering,  or  in  some  pernicious  cases  A'iolent  and  maniacal, 
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is  common.  In  other  instances  the  dull,  drowsy,  apathetic  condition 
suggests  enteric  fever.  The  same  cutaneous  manifestations  may  be 
observed  here,  as  in  the  regvdar  intermittents.  During  the  fastigium  of 
the  parox3>’sm  there  may  be  considerable  oscillations  and  variations  in 
the  temperature  curve.  Marchiafava  and  Eignami  have  described  as 
characteristic  a pseudo-critical  fall  in  temperature,  followed  l)y  a pre- 
critical  rise  ; this  we  have  often  seen.  The  defervescence  is  more  gradual, 
and  the  sweating  stage  less  distinctive  and  characteristic  than  in  tertian 
and  quartan  fever.  Paroxysms  may  occur  at  intervals  considerably 
greater  or  less  than  forty-eight  hours.  Thus,  I have  observed  an  instance 
of  iestivo-auUimnal  fever,  with  paroxysms  recurring  with  considerable 
regularity,  at  intervals  of  as  much  as  fifty-six  hours,  as  well  as  cases  with 
paroxysms  every  thirty-eight  hours.  The  2^seudo-critical  depression  may 
be  so  marked  as  to  give  rise  to  a complete  intermission,  resulting  in  a 
complicated  clinical  ^hcture.  Infectious  with  two  groiq)s  of  jiarasites, 
causing  ({uotidian  or  continued  fever,  are  very  common. 

Although,  like  many  others  Avho  have  worked  at  malaria,  I have  been 
unable  to  distinguish  among  the  festivo-autumnal  parasites  any  definite 
morphological  differences  justifying  a division  into  distinct  varieties  or 
s{jecies,  it  must  be  acknowledged  that  the  observations  of  Eignami  and 
Eastianelli,  Mannaberg,  Craig,  Caccini,  and  others,  apjiear  to  sheAv  that 
occasionally  cases  of  festivo-autumnal  fever  occur  with  (luotidian  iwoxj^sms, 
due  to  infection  with  a single  group  of  jDarasites  whose  cycle  of  existence 
is  limited  to  a2?2:)roximately  twenty-four  hours.  The  jxiroxysms  differ 
from  those  already  described  only  in  being,  as  a rule,  rather  shorter  than 
those  due  to  parasites  with  a longer  cycle  of  develoinuent.  Cases  of 
irregularity,  due  to  prolongation,  anticipation,  or  retardation  of  the 
paroxysms,  with  resultant  subcontinuous  or  remittent  fevers  are  common. 
The  average  length  of  the  iestivo-autumnal  jDaroxysm  in  our  cases  was 
between  twenty  and  twenty-one  hours. 

Irregular  Fevers. — Anticipation  or  retardation  of  the  paroxysms, 
excessive  oscillations  iii  the  temperature  curve  during  the  febrile  period, 
as  well  as  highly  developed  jiseudo-crises,  often  result  in  a veiy  irregular 
temperature  curve.  The  irregularity  may  be  so  great  that  careful  study 
of  the  chart  fails  to  reveal  the  fundamental  type  of  the  infection. 

Remittent  or  Subcontinuous  Fevers. — As  a result  of  prolongation,  antici- 
pation, or  infection  with  multiple  groups  of  parasites,  the  jiaroxysms  not 
infrequently  become  subintrant,  with  consequent  remittent  or  continued 
fever.  The  absence  of  the  chill,  the  dull,  drowsy,  typhoid  condition,  the 
muttering  delirium,  the  enlarged  spleen,  the  coated  tongue,  the  not  infre- 
quent ititestinal  symptoms  may  closely  simulate  tyj)hoid  fever.  This 
type  of  fever  has  indeed  been  called  Suhcontimia  typhoidea  (Baccelli). 
Examination  of  the  blood,  in  ajstivo-autumnal  fever,  reveals  infection  with 
Plasmodium  falciparum  (Laverania  malarice).  As  has  been  mentioned  else- 
where, these  parasites  differ  from  those  of  tertian  and  quartan  fever  in 
that  a greater  part  of  their  cycle  of  existence  is  passed  in  the  vessels 
of  the  internal  organs,  the  younger  forms  alone  being  observed  in  the 
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periplicrul  circulation.  Towards  the  middle  and  latter  part  of  the  paroxysm 
and  immediately  afterwards,  small,  refractive,  ring-shaped,  and  amoeboid 
bodies  are  to  be  found  which  gradually  develop  a very  few,  extremely 
fine,  peripherally  arranged  pigment-granules.  The  I'ing-shaped  bodies 
are  often  contained  in  shrunken  or  cremated,  brassy-coloured  corpuscles. 
Sometimes  in  these  brassy-coloured  elements  the  hteinoglobin  retracts 
from  the  periphery  of  the  corpuscle,  forming  a layer  about  the  parasite. 
Gradually  the  number  of  pigment-granides  increases,  though,  as  a rule, 
only  two  or  three  fine  bits  of  pigment  are  to  be  found  in  each  parasite. 
In  infections  in  which  the  organisms  are  arrajiged  in  well-defined  groups 
it  may  be  extremely  difficult  to  demonstrate  any  parasite  in  the  peri- 
pheral circulation  during  the  period  immediately  preceding  the  parox3’sm. 
Not  infrequently  in  severe  infections  a few  mature  bodies,  lialf  the  size 
of  the  red  corpuscle,  with  a single  central  pigment  block  or  clump,  may  be 
found  at  this  period.  Segmenting  bodies  are  rare  in  the  peripheral  circu- 
lation. Aspiration  of  the  spleen,  however,  may  shew  a great  abundance 
of  the  mature  forms  with  central  pigment  clumps  or  blocks,  as  well  as 
segmenting  bodies.  This  infrequency  of  the  parasites  just  before  and  at 
the  end  of  the  paroxysm  is  a very  important  and  characteristic  point. 
Later,  and  on  the  following  da\-,  small  h_yaline  or  early  pigmented  forms 
may  be  numerous.  In  the  case  of  parasites  with  cycles  of  develo}>ment 
of  foT'ty-eight  hours  or  longer,  the  bodies  are  somewhat  larger,  and  the 
pigment  slightly  more  abundant  than  in  infections  with  organisms  having 
a shorter  cycle,  in  which  segmentation  has  been  described,  while  the 
parasite  is  still  free  from  pigment  (Marchiafava).  After  the  process  has 
existed  from  five  days  to  two  weeks,  gametes,  large  ovoid  and  crescentic 
forms,  with  collections  of  coarse,  centrally  arranged  pigment-granules,  are 
usuall}’  present.  A highly  important  diagnostic  point  in  the  testivo- 
autiunnal  fevers  is  that,  although  at  and  just  before  the  onset  of  the 
ptiro.\\'sm,  the  parasites  may  be  present  in  the  peripheral  circulation  in 
very  small  numbers,  yet  phagocytes  containing  blocks  of  pigment  are 
usually  fairly  abundant.  The  diagnostic  importance  of  these  elements 
should  not  be  overlooked.  In  suspected  cases  in  which  organisms  are 
not  found  in  the  fresh  blood,  examination  should  ahvays  l)e  made  of 
dried  specimens  stained  l)y  one  of  the  modifications  of  Komanovsky’s 
method.  The  blue  rings  with  deeply  staining  chromatin  dots  are  much 
more  quickly  recognised  than  the  delicate  hyaline  bodies  in  the  fresh 
blood. 

Pernicious  Fevers. — Tertian  and  quartan  fevers,  when  untreated, 
usually  pursue  a favourable  course,  terminating  in  spontaneous  recovery, 
and,  although  frequent  relapses  may  bring  about  gi’ave  cachexia,  acute 
symptoms  of  a dangerous  character  are  of  the  utmost  rarity.  The  same 
cannot  be  said  of  mstivo-autumnal  fever,  which,  if  untreated,  gives  rise  in 
mau}^  instances  to  the  gravest  manifestations.  The  rapidity  of  the  multi- 
plication of  the  parasites,  their  especial  malignancy  (from  the  standpoint 
of  their  supposed  toxic  influence),  and  the  tendency  toward  the  involve- 
ment of  certain  vital  organs,  bring  about  the  malignant  manifestations 
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conimoiily  termed  “pernicious.”  These  symptoms  rarely  or  never  appear 
with  the  initial  paro.xysms;  they  are  the  result  of  neglect  of  treatment. 
Pernicious  fever  occurs  in  various  types. 

The  Comatose  Type. — After  several  paroxysms,  which  may  or  may  not 
have  shewn  a tendency  to  increase  in  severity,  a fresh  attack  occurs, 
beginning  often  with  a period  of  excitement,  perhaps  delirium,  nausea, 
and  vomiting,  and  followed  rapidly  by  drowsiness,  somnolence,  or 
genuine  coma.  There  may  be  restlessness  and  jactation  ; the  respiration 
may  be  quiet,  loud,  and  stertorous,  or  of  the  Cheyne-Stokes  character. 
The  pulse,  at  first  full  and  slow,  becomes  towards  the  end  rapid,  feeble, 
and  irregular.  The  skin  is  often  hot  and  dry ; the  pupils  dilated,  con- 
tracted, or  irregular.  The  conjunctivse  are  usually  injected,  the  tongue 
dry  and  coated.  Slight  jaundice  of  the  skin  and  conjunctivje  is  an 
important  sign.  There  is  usually  moderate  anaemia.  The  deep  i-etlexes 
may  be  present  or  absent.  Local  spasms  may  point  to  a special  localisa- 
tion in  the  central  nervous  system  of  changes  due  to  the  focal  accumula- 
tion of  parasites.  The  spleen  is  usually  jialpable.  During  the  attack 
the  temperature  is  usually  high,  sometimes  almve  10G°  P.;  as  it  falls  the 
patient  gradually  regains  consciousness.  Defervescence  may  be  asso- 
ciated with  active  delii’ium,  lasting  perhaps  (Marchiafava  and  Bignami) 
for  several  days  and  ending  fatally.  Again,  an  improvement  may  last 
but  a few  hours,  ])eing  rapidly  followed  by  a fatal  recurrence.  Coma 
may  last  a few  hoiirs  or  for  as  long  as  four  days  ; in  favourable  cases 
it  slowly  passes  off  Avith  defervescence  and  the  sweating  stage,  although 
for  some  time  after  the  attack  the  patient  is  usually  dull,  stupid,  and 
apathetic.  Should  a succeeding  paroxysm  occur,  it  is  genei-ally  fatal. 
.Marchiafava  and  Bignami  have  observed  cases  in  which  the  coma  lasted 
from  four  to  five  days,  death  occurring  at  a time  Avhen  the  parasites  had 
almost  completely  disappeared  fi-om  the  circulation,  l)Oth  peripheral  and 
central.  In  these  cases  definite  organic  changes  (punctiform  hremorrhages) 
are  usually  present  in  the  central  nervous  system. 

Other  Cerebral  and  Spinal  Manifestations. — The  pernicious  paroxysm 
may  be  associated  Avith  active,  maniacal  delirium,  and  in  some  instances 
tetanic  convulsions  have  been  observed.  In  children  and  young  people 
the  manifestations  may  simulate  meningitis.  AVell- marked  bulbar 
symptoms  are  not  uncommon,  and  in  a case  of  this  kind  Marchiafava 
demonstrated  special  involvement  of  the  medulla  at  the  necropsy.  Dis- 
turbances of  speech  are  not  unusual.  Transient  hemiplegia,  aphasia,  or 
amaurosis  may  occur.  Marked  vertigo  Avith  symptoms,  especially  of 
the  cerebellar  type,  are  not  infrequent ; Avhilc  in  a number  of  instances  a 
group  of  symptoms  imitating  disseminated  sclerosis  has  been  described 
(Torti  and  Angelini).  Bastianelli  and  Bignami  have  reported  a case 
Avith  symptoms  closely  resembling  those  of  so-called  electric  chorea.  An 
interesting  e.xample  of  tetany  occurring  Avith  the  paroxysm  AA-as  observed 
by  AllAcrt. 

Choleriform  Pernicious  Fever. — The  special  localisation  of  grave  mstivo- 
autumnal  infections  in  the  intestinal  tract  may  result  in  symptoms 
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simulating  Asiatic  cholera — sudden,  profuse,  watery  diarrha-a  with 
collapse,  the  patient  sinking  before  death  into  an  algid  condition 
(]\larchiafava).  In  other  cases,  without  intestinal  manifestations,  the 
])aroxysm  may  be  ushered  in  by  a train  of  symptoms  not  unlike  those  of 
the  algid  stage  of  cholera — algid  pernicious  fever.  The  patient  falls  rapidly 
into  a profound  collapse.  The  eyes  are  sunken  ; the  features  diawn  ; 
the  skin  cold,  blue,  and  often  bathed  in  a sweat : the  tongue  dry, 
tremulous,  and  protruded  with  difficult}^ ; the  patient  is  so  weak  that  lie 
cannot  raise  his  hand  ; the  voice  is  feeble  and  husky ; the  jndse  is  im- 
perceptible at  the  wrist,  and  the  temperature  often  little,  if  at  all,  elevated 
— in  one  of  our  cases  it  was  subnormal  during  the  last  two  days  of  life. 
The  mind  is,  however,  usually  clear  almost  to  the  end.  As  a result  of 
the  slight  fever  and  thy  quiet,  listless  condition  of  the  jiaticnt,  the  early 
symptoms  of  an  algid  jiaroxj^sm  may  be  entirely  unnoticed.  In  one  of 
our  cases  a patient  who  had  walked  to  the  out-patient  dejiartment  died 
within  two  hours  after  admission.  The  paroxysm  may  be  associated 
with  violent,  sanguineous  vomiting  and  severe  epigastiic  pains — curdiulgic 
pcrnidoiLS  fever.  Soulie  and  (fillot  have  recorded  a case  simulating  per- 
forative peritonitis.  A patient  was  admitted  to  the  hospital  in  collapse, 
with  a history  of  meltena  on  the  preceding  night.  He  Avas  very  ill,  and 
unable  to  give  a satisfactory  account  of  himself.  There  Avas  vomiting; 
the  facies  Avas  peritoneal ; the  abdomen  distended  and  exceedingly 
tender.  I’Aerything  pointed  to  peritonitis,  folloAving  a typhoid  perfora- 
tion. Examination  of  the  blood,  hoAvever,  sheAved  mimerous  mstivo- 
autumnal  parasites.  The  patient  recovered  ])romptly  on  vigoi'ous  tieat- 
ment  Avith  quinine.  Vomiting,  ])olycholia,  and  jaundice  may  be  prominent 
features,  and  make  up  the  so-called  hilious  jiaroxysm.  Cases  in  Avhich 
the  access  is  accompanied  l)y  great  dyspnoea,  thoracic  pain,  cough,  blood- 
stained sputa,  and  evidences  of  acute  bronchitis,  have  been  classed  by 
Baccelli  as  pneumovic  pernicious  fever.  Pernicious  symptoms — j’^’o^tration 
and  collapse — may  develop  in  association  Avith  a great  accenttiation  of 
the  SAveating  stage  of  the  paroxysm — sudoriferous  or  diaphoreiir  paroxysm. 
Of  peculiar  malignancy  are  cases  Avith  manifestations  of  purpura 
lioAmorrhagica — the  ha’rnoi'rhagic  2^ciroxsym. 

Examination  of  the  hlood  in  pernicious  fevers  reveals,  in  the  great 
majority  of  cases,  very  large  numbers  of  aestivo-autumnal  parasites.  The 
mere  accumulation  of  plasmodia  may  be  so  great  as  to  justify  a fatal 
prognosis.  Thus,  a ]iatient,  seen  shoi’tly  after  a severe  malarial 
|)aroxysm,  Avas  perfectly  conscious,  and  though  Aveak  and  exhausted, 
did  not  look  especially  ill  ; the  tempei’ature  AA-as  normal,  the  jmlse  under 
1 00 ; there  Avas  a slight  antemia  and  di.stinct  jaundice.  The  blood 
hoAvever  sheAved  a massive  jestivo-autumnal  infection — thirty  to  sixty 
parasites  in  a single  field  of  the  oil-immersion  lens.  In  spite  of  vigorous 
treatment  death  folloAved  in  fourteen  hours.  Occasionally,  especially  in 
cases  Avith  cerebral  manifestatioiis,  the  number  of  parasites  in  the 
peripheral  circulation  may  not  be  very  large,  and,  as  has  been  mentioned, 
(loath  may  occur  after  days  of  treatment,  at  a time  Avhen  the  organisms 


262 


SYSTEM  OF  MEDICINE 


have  wholly  disappeared  from  the  blood  of  the  ear  or  finger.  The  presence, 
common  in  pernicious  fever,  of  larger  forms  of  the  parasite  Avith  central 
])igment-blocks,  is  S])ecially  important,  and,  according  to  Bastianelli  and 
Bignami,  is  absolutely  diagnostic  of  a great  accumulation  of  plasmodia  in 
the  internal  organs.  The  presence  in  the  peripheral  circulation  of 
macrophages  cmitaining  larger  and  smaller  clumps  of  pigment,  and  often 
fragments  of  red  corpuscles,  Avhich,  in  my  experience,  is  the  rule  in 
pernicious  fever,  may  be  a sign  of  great  importance.  I have  found  these 
bodies  in  considerable  numbers  in  cases  of  pernicious  fever  in  Avhich  the 
parasites  Avere  not  especially  abundant. 

Combined  Infections. — Infections  Avith  more  than  one  species  of  the 
malarial  organism  at  the  same  time  are  not  uncommon.  The  usual  com- 
bination is  that  of  tertian  and  festivo-autumnal  parasites.  One  species  of 
organism  generally  prevails,  and  is  responsible  for  the  manifestations.  In 
such  infections  alternating  relapses  have  been  descril)ed,  due  first  to  one 
and  then  to  the  other  species  of  parasite,  the  course  of  eA'ents  suggesting 
that  the  jArevalence  of  one  parasite  has  some  inhibitory  infiuence  on  the 
groAvth  of  the  other.  \Vith  the  decadence  of  one  species,  hoAvever,  the 
other  begins  to  develop,  producing  symptoms  in  its  turn.  Occasionally, 
hoAvever,  active  groups  of  parasites  of  diti'erent  species  may  exist 
simultaneously  in  the  blood,  and  giA^e  rise  to  a complicated  clinicjd 
picture.  INIarc  has  reported  an  interesting  case  of  combined  tertian  and 
quartan  infection.  Wood  of  Wilmington,  North  Carolina,  has  sheAvn  me 
preparations  of  the  blood  of  a similar  case. 

Relapses : Fevers  with  long  intervals. — Untreated  malarial  fcA'er, 
nidess  it  become  pernicious,  commonly  undergoes  spontaneous  improve- 
ment, and  in  some  instances,  especially  in  tertian  infections,  the  recovery 
may  l)e  permanent.  Usually,  hoAvever,  even  after  fairly  vigorous 
ti’eatment  during  the  original  attack,  there  are  relapses  Avhich  may  folloAv 
in  more  or  less  regular  cycles.  These  may  be  divided  into  relapses 
occurring  after  short  intervals  and  those  folloAving  at  longer  periods 
(Caccini). 

Jidapseif  at  diort  intervals  are  aj)t  to  recur  after  periods  approximating 
in  time  to  the  duration  of  the  ordinaiy  incubation  ; they  are  observed  in 
tertian  fever  at  intervals  of  from  five  to  eighteen  day.s,  and  in  a?stivo- 
autumnal  fever  at  intervals  of  from  five  to  nine  days.  In  quartan  feA^er,  in 
Avhich  relapses  are  especially  common,  there  seems  to  be  no  pai-ticular 
rule  as  to  the  time  of  outbreak,  Avhich  is  generally  traceable  to  some 
definite  exciting  cause.  Caccini  has  ncA^er  obsen'ccl  spontaneous  recoA'ery 
in  quartan  malaria.  These  relapses  appear  to  be  due  to  the  fact  that, 
as  a result  of  treatment  or  through  natural  poAvers  of  resistance  of  the 
human  organism,  so  great  a part  of  the  infecting  group  of  parasites  is 
destroyed  that  a period,  Avhich  approximates  closely  to  that  of  tlie 
ordinary  incubation,  must  be  passed  through  before  it  reaches  again  a 
size  sufficient  to  produce  distinct  paroxysms.  In  some  instances  the 
relapse  consists  of  a single  attack,  after  Avhich  a period  of  time  practically 
or  exactly  equal  to  the  pre\  ious  intermission  may  elapse  before  a second 
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reciuTence.  This  se(}uence  of  events  may  continue  for  some  time, 
giving  rise  to  so-called  fevers  ■with  long  intervals.  Carducci  finds  that  in 
a?stivo-autnmnal  fever  the  usual  period  of  intermission  is  aljout  seven 
days.  In  such  cases  the  persistence  through  long  periods  of  time  of  a 
low  grade  of  infection  may  produce  grave  cachexia.  Kelapses  of  this 
sort  are  commonest  in  children,  especially  in  those  under  five  years  of 
;ige ; this  may  be  due  to  the  lessened  resistance  of  the  infantile  organism 
or  to  the  greater  difficulty  of  carrving  out  efficient  treatment.  Kelapses 
at  short  intervals,  though  frecgient  in  all  forms  of  fever,  are  commonest 
in  tertian  infections,  probably  because,  on  account  of  the  mildness  of  the 
manifestations,  proper  treatment  is  often  neglected. 

Relapses  after  long  Intervals. — Another  variety  of  relapse  occurs  after 
l)eriods  of  from  several  months  to  over  a year.  These  outbreaks  appear 
to  depend  upoTi  various  exciting  causes,  such  as  insufficient  food,  articles 
of  diet  which  produce  disturbances  from  special  individual  idiosyncrasy, 
gastro  - intestinal  disturbances,  hard  physical  labour,  mental  strain, 
exposui'e  to  cold  or  wet,  change  in  temperature  or  climate,  trauma, 
surgical  operations,  pregnancy  and  jxirturition,  infections,  such  as 
pneumonia  and  enteric  fever,  and  drugs  (tuberculin,  iodide  of  potassium). 
Kelapses  after  long  periods  of  time  are  especially  common  in  tertian 
fever,  less  so  in  .‘estivo-autumnal  infections.  Kelapses  of  tertian  fever 
usher  in  the  malarial  season  in  temperate  climates.  In  the  intermissions 
between  such  relapses  the  patient  appears  perfectly  well.  No  parasites 
are  found  in  the  circulation,  and  there  is  no  anaemia.  Treatment  by 
quinine  during  the  intermission  has  no  effect  Avhatever  in  preventing  the 
relapse. 

The  form  in  which  the  parasites  persist  throughout  these  long 
periods,  and  the  part  of  the  body  in  which  they  are  hidden,  are  entirely 
unknown.  It  is  not  im])ossilde  that  the.se  late  relapses  may  be  due  to 
parthenogenetic  segmentation  of  rnaerogametes,  such  as  has  l)een  desci'ibed 
bySchaudinn.  We  have  seen  appeai  ances  exactly  similar  to  his.  Italian 
observers  ]')oint  out  that  in  the  malarial  epidemic  relapses  are  always 
more  frequent  than  primary  attacks. 

While  I'ecrudescences  are  esj)ecially  frequent  in  ([uartan  fever,  the 
remarkable  tenacity  of  which  has  been  known  for  generations,  i-elapses 
at  long  intervals  ai’e  not  common.  The  infection,  though  mild  in  its 
manifestations,  {persists  for  considerable  periods  of  time,  bi-eaking  out  at 
intervals  under  any  provocation,  such  as  those  above  meiitioned. 

The  Urine  in  Malaria. — There  are  no  constant  variations  in  the 
amount  of  urine  in  malaria.  The  greatest  quantities  are  passed  during 
the  eaih'  pails  of  the  paroxysm.  A jiost-malarial  polyuria  is  common, 
beginning  a few  days  after  the  disappearance  of  fever,  and  lasting  some- 
times as  long  as  thirty  days ; this  is  more  mai'ked  after  tertian  and 
quartan  than  after  aestivo-autumnal  fever.  The  colour  of  the  urine  is 
usually  high,  depending  on  the  increased  amount  of  urobilin.  There  is 
no  characteristic  change  in  the  acidity.  The  specific  gravity  A’aries 
inversely  with  the  amount ; it  is  often  relatively  high  in  post-malarial 
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polyuria.  The  total  nitrogen  excretion  is  increased  both  during  the 
acute  stages  of  the  illness  and  in  the  post-malarial  polyuria,  but  the  uric 
acid  is  not  increased.  The  chlorides  are  jmesent  in  normal  proportion, 
being  increased  during  the  paroxysms,  thus  contrasting  with  the  condition 
in  fevers  associated  with  local  inflammatory  processes  ; they  are  markedly 
increased  in  post- malarial  polyuria.  The  elimination  of  sulj)hates 
corresponds  closely  to  the  variations  in  the  excretion  of  nitrogen.  The 
jihosphates  are  often  increased  in  (piantity,  but,  unlike  the  other  solid 
constituents,  they  are  diminished  during  the  febrile  paroxysm  ; they  are 
much  increased  in  post-malarial  polyuria.  In  the  regularly  intermittent 
fevers,  tertian  and  quartan,  a trace  of  albumin  was  present  in  3 8 ‘6  per 
cent  of  352  cases  in  the  wards  of  the  Johns  Hopkins  Hospital.  In 
a^stivo-aiitumnal  fever  it  was  more  frequent,  occurring  in  58 ‘3  per  cent 
of  1G5  cases.  In  the  great  majority  of  instances  thei'C  was  only  a slight 
trace.  In  many  of  the  cases  in  which  albumin  is  found  occasional 
hyaline  casts  may  be  detected  in  the  sediment.  In  pernicious  fever 
traces  of  bile  may  be  found. 

Cause  of  the  Malarial  Paroxysm. — There  has  been  inuch  specula- 
tion as  to  the  cause  of  the  remarkable  jieriodical  parox3'.sms  of  mahu-ia. 
Not  only  the  character  of  the  manifestations  themselves,  but  the 
degenerative  changes  found  in  many  organs — brain,  nerves,  liver, 
kidneys — suggest  that  the  access  is  associated  with  the  ])rescnce  of  some 
circulating  toxic  substance  or  substances.  The  definite  coincidence  of 
the  paroxysm  with  the  fission  of  a generation  of  organisms  has  led  mo.st 
observers  to  assume  that  the  jaoison,  whatever  it  ma}'  be,  is  set  fi'ee  by 
the  parasites  at  their  time  of  segmentation.  All  attempts  to  isolate  a 
specific  to.xic  substance  have  so  far  been  without  result. 

Sequels. — Remits  of  freguenf 1 1/  relapsing  or  repeated  In  fections.  Cacheria. 
Masked  or  Larvate  Malariallnfections. — Frequent  relapses  or  oftmi  i-e})eatcd 
malarial  iiifections  may  give  rise  to  a great  numl)er  of  clinical  manifesta- 
tions. In  prolonged  cases  the  patient  ma)^  be  reduced  to  a state  of 
grave  cachexia,  the  characteristic  features  of  which  arc  amemia,  great 
enlargement  of  the  spleen,  and  a liability  to  anasarca  and  drops}^  In 
an  advanced  case  the  condition  of  the  patient  is  truly  pitiful.  The 
enniciatiou,  the  dead,  sallow,  anaemic,  cai’thy  grey  complexion,  the 
sunken  eyes,  the  listless,  feeble  air,  the  large  spleen,  and  the  oedema 
make  a most  characteristic  and  easily  recognisable  picture.  In  children 
growth  is  often  retarded,  and  wcll-mai'ked  infantilism  may'  result 
(Cardarclli).  Aneemia  is  among  the  cojnmonest  and  most  important 
sequels.  Changes  in  the  blood  arise  not  only  from  the  destruction  of 
corpuscles  in  the  indiA'idual  malarial  attack,  but  also  as  a result  of 
changes  in  the  Wood-forming  organs,  as  well  as  in  other  vital  parts.  The 
moderate  anaemia  which  follows  the  first  acute  attacks  is  generally 
compensated  for  by  active  regeneration.  In  long-continued  or  recurrent 
infections,  however,  pronounced  anaemia  may  i-esult.  This  is  usually 
of  the  type  of  an  ordinary  secondary  anaemia,  the  colour-index  of  the 
red  corpuscles  being  reduced,  and  the  leucocytes  diminished  in  number. 
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with  ;i  rather  high  percentage  of  mononuclear  elements,  especialh'  of  the 
large  mononuclear  variety.  Nucleated  red  blood-corpuscles  (normoblasts) 
are  present.  Bignami  and  Dionisi  and  I'bving  have  described  cases  pursuing 
an  unfavourable  course,  in  which  the  blood  presented  the  characteristics 
of  the  megaloblastic  type  of  ])ernicious  antemia,  as  well  as  ra])idly  fatal 
anaemias  with  a diminution  in  the  number  of  leucocytes,  an  excessiA  e 
percentage  of  small  mononuclear  elements,  and  an  absence  of  nucleated 
red  corpuscles — aplastic  anaemia.  Malarial  Iminoglohinuria  is  described 
on  p.  289. 

Amotig  the  cittaneous  manifestations  in  chronic  cases,  esjtecially 
when  cachectic,  is  purpura,  which  may  appear  as  a severe  or  oven  fatal 
purjmi’a  haemorrhagica  (Ascoli).  The  peculiar  earthy  colour  of  the  rkin  is 
so  characteristic  as  to  be  often  recognisable  by  the  skilled  oltseryei-.  A 
remai'kable  phenotnenon,  occurring  especially  in  chronic  cases,  is  anasarca, 
which  may,  as  Ascoli  has  pointed  out.  simulate  sometimes  the  mdema 
of  nephritis,  sometimes  that  of  cardiac  failure,  although  the  urine  may  be 
cjuite  free  from  albumin.  Common  in  cachectic  subjects,  such  cedema 
may  ajipcar  in  individuals  in  relatively  good  condition.  An  instance  of 
this  sort  came  under  mv  observation  some  3'ears  ago.  A man  of  al)Out 
fifty  entered  the  hospital  in  fairly  good  condition  Avith  Avell-mai-ked 
oedema  of  the  legs,  and  slight  ascites,  Avithout  apparent  cause.  There 
Avas  no  reason  to  suspect  an\^  disease  of  the  heart,  liver,  or  kidneys. 
Some  days  after  admission  the  patient  had  a relapse  of  tertian  malaria,  a 
clear  history  of  Avhich  had  not  been  proA'iously  obtained.  "With  rest  and 
tonic  treatment  the  cedema  generally  clears  up.  Multiple  cutaneous 
gangrene  is  sometimes  met  AA-ith.  A I'emarkable  case  of  this  nature  has 
been  reported  l»y  Prof.  Osier.  Dr.  E.  J.  AVood  of  AAblmington,  North 
Carolina,  tells  me  that  he  has,  in  the  last  feAV  years,  seen  several  similar 
cases,  in  all  of  Avhich  the  coincidence  or  immediately  preceding  existence 
of  malaria  has  been  proved  by  examination  of  the  blood. 

Nephritis. — Acute  nephritis  is  not  an  uncommon  sequel,  occurring  in 
P7  per  cent  of  18.32  cases  analysed  at  the  Johns  HojJdns  Hospital. 
Bare  in  tertian  and  quartan  infections,  it  is  b}’  no  means  infrequent  in 
sestivo-autumnal  fever.  There  is  nothing  remarkable  in  the  character  of 
the  disease,  Avhich  pursues  the  course  of  an  ordinary  acute  toxic  nephritis. 
Of  26  cases  of  malarial  nephritis  IJ  recoA'ered ; 4 died;  in  9 the  result 
Avas  doubtful ; in  2 chronic  nephritis  followed.  AA"c  ha\'e  since  seen 
seA’eral  additional  cases  of  chronic  nephritis  of  undoubted  malarial  origin. 

Oa.stro-intestinal  Tract. — Diarrhoea  and  dy.spepsia  are  common  in 
cachectic  patients,  but  there  are  no  especially  charactei'istic  gastro-intestinal 
manifestations. 

TAver. — As  has  been  described  in  the  section  ujion  pathological 
anatomy,  distinct  changes  in  the  liA’er  associated  Avith  enlargement  and 
chronic  perilobular  hepatitis  often  folloAv  repeated  malarial  infections. 
These  changes,  hoAA’’eA"er,  giA'e  rise  to  no  characteristic  clinical  manifesta- 
tions. AVhile  there  is  little  anatomical  evidence  that  malaria  induces 
hepatic  changes  capable  of  producing  the  clinical  manifestations  of  portal 
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cirrhosis,  some  authors  insist  on  the  occasional  clinical  sequence  of  atrophic 
cirrhosis  of  the  liver  after  malaria  (Kelsch  and  Kiener,  Locligiani, 
Phillips). 

Nervous  System. — The  grave  nervous  phenomena  accompanying  per- 
nicious paroxysms  are  usually  associated  vith  fever.  Sometimes,  how- 
ever, the  ])aroxysm  may  be  represented  by  the  nervous  manifestations 
alone,  fever  l)eing  almost  or  entirely  absent.  After  pernicious  paroxysms 
the  nervous  phenomena  clear  iqj,  as  a rule,  rather  slowly ; sometimes, 
indeed,  they  may  persist  for  comsiderable  periods  of  time.  In  chronic  or 
frequently  repeated  attacks,  especially  of  sestivo-autumnal  malaria,  the 
patient  may  present  nervous  phenomena  of  great  variety  and  persistency. 
The  commoner  of  these  manifestations — vertigo,  motor  instability,  tremor, 
ataxia  of  the  cerebellar  type,  dysarthria,  increasing  as  they  do  in  per- 
nicious paroxysms  to  hallucinatory  delirium,  coma,  and  eA'en  convulsions 
— are,  as  Ascoli  has  well  pointed  out,  in  many  ways  analogous  to  those 
observed  in  alcoholism.  The  dulness,  the  uncertain  memory,  the  list- 
lessness, the  apathetic  condition,  the  tremor,  the  slow,  uncertain  speech 
of  the  cachectic  patient,  are  very  similar  to  the  manifestations  of  chronic 
alcoholism.  The  psychical  phenomena,  also,  are  usually  of  a confusional 
type  with  a tendency  toward  hallucinatory  delirium.  Slow,  hesitating 
speech,  marked  muscular  weakness,  or  sometimes  increased  muscular 
excitability  with  exaggerated  reflexes,  are  common.  In  a number  of 
instances  a clinical  picture  simulating  that  of  insular  sclerosis  has  been 
described  (Torti  and  Angelini,  Panichi,  Bignami  and  Bastianelli,  Spiller). 
Most  of  the  hemiplegias  occurring  in  connexion  with  malaria,  as  in  one  of 
our  cases,  are  probably  in  individuals  with  pre-existing  vascular  changes, 
in  Avhom  the  paroxysm  has  acted  as  the  exciting  cause  for  the  rupture  or 
thrombosis. 

Neuralgias,  especially  of  the  fifth  nerve,  may  occur  in  chronic  malaria, 
although  intermittent  facial  neuralgia  is  much  too  often  ascril)ed  to 
paludism.  Neuritides  of  the  type  of  ordinary  toxic  multiple  neuritis  have 
been  (lescril)cd  by  a number  of  observers  (Eichhorst,  Saquepee  and  Dopter, 
Schupfer,  Fajardo  and  Couto,  Luzzatto).  Necropsies  in  the  cases  of 
Fajardo  and  Couto  and  Luzzatto  shewed  widespread  and  extensive  paren- 
chymatous neuritis.  In  the  latter  case  degenerative  changes  in  the  anterior 
horn  cells  were  also  found.  Cachectic  subjects  seem  to  be  e.specially  liable 
to  )ieui’itis  from  other  recognised  toxic  causes.  Deafness  from  neuritis  of 
the  auditory  nerve  has  been  described,  although  some  of  these  instances 
are  prol)ably  due  to  the  administration  of  quinine.  Optic  neuritis, 
followed  by  atrophy,  retinal  h?emorrhages,  and  retino-choroiditis,  have  been 
observed.  Bindi  reports  an  instance  of  angioneurotic  cedema  in  a cachectic 
patient.  In  the  reported  cases  of  epile])sy  of  supposed  malarial  origin,  it 
is  (pute  possil)le  that  malaria  acted  only  secondarily,  as  the  exciting  cause 
in  a predisposed  individual.  Neurasthenia  and  hysterical  conditions  may 
follow  malaria  as  in  the  case  of  any  severe  infection.  Post- malarial 
])sychoses  are  rare.  IMarchiafava  and  Bignami  describe  a case  of  acute 
maniacal  delirium  with  a fatal  result  following  a pernicious  attack,  while 
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foiulitioiis  of  slight  mental  confusion  with  hallucinations  may  last  for  a 
week  or  two  after  malignant  paroxysms.  In  one  of  our  cases  the  patient 
remained  in  a depressed,  confused  condition  with  hallucinations  for  several 
months  after  an  attack  of  tertian  fever. 

Masked  Malarial  Infections. — Before  the  discovery  of  the  para.site 
I a groat  nnmher  of  conditions  having  no  relation  to  the  disease  were 
I described  as  masked  or  larvate  malaria.  "With  our  2)resent  knoAvledge 
I such  confusion  should  not  exist.  It  has,  however,  long  been  known  that 
I paraS?tes  may  be  present  in  the  circulation  for  considerable  periods  of 
I time  without  causing  symptoms  Avhich  are  definitely  recognised  as  due  to 
I paludism.  Latent  infections  are  especially  common  among  the  natives  of 
j the  tropics  (Koch,  Stephens  and  Christophers,  Craig).  Some  of  these 
j cases  occur  in  individuals  who  have  not  been  regularly  or  properly  treated. 
J In  others,  apparentlv  because  of  the  resistance  of  the  organism,  or  from 
li  other  causes,  the  infection  never  develops  sufficiently  to  provoke  frank, 
ij  characteri.stic  paroxysms.^  Moreover,  as  has  been  ali'eady  mentioned, 
grave,  even  pernicious,  manifestatioTis  of  a nervous  character  may  occur 
with  normal  or  but  slightly  elevated  temperature.  In  395  out  of  1267 
cases  of  malaria  studied  by  Craig  in  the  army  hospital  at  San  Francisco, 

I the  symptoms  were  such  that  malaria  was  not  recognised  befeu’e  the 
I demonstration  of  the  parasite  in  the  blood.  These  facts  emphasise  the 
j importance  of  regular  examinations  of  the  blood,  especially  in  malai’ious 
I regions  or  where  there  is  the  possil)ility  that  the  patients  may  have  been 
( subjected  to  infection. 

Complications. — Pneumonia  is  so  frecpiently  a complication  or  sequel 
of  malaria,  and  is  so  common  in  cachectic  patients  that,  previously  to  the 
discovery  of  the  ]xirasite,  it  was  often  regarded  as  of  malarial  origin. 
The  diminished  resistance  in  cachexia  no  doubt  favours  the  incidence  of 
pneumonia  as  it  does  of  any  severe  secondary  infection  ; moreover,  ]meu- 
r,  raonia  may  occur  as  a complication  of  a severe  malarial  attack,  just  as  it 
may  in  enteric  fever.  The  malarial  infection  may  produce  active 

E,  symptoms  during  the  course  of  the  pneumoTiia,  though  it  commonly 
remains  latent  during  the  attack,  breaking  out  with  convalescence.  ^Ve 
i have  observed  combijied  infections  of  ])neumonia  and  malaria  in  several 
I cases  in  the  Avards  of  the  Johns  Hopkins  Hospital.  The  so-called  jjneumuuic 
^ pernicious  paroxysm  has  no  connexion  with  true  pneumonia. 

Enteric  Fever. — Much  has  been  written  about  the  co-existence  of 
!•  malaria  Avith  enteric  fever.  In  the  great  majorit}'’  of  instances  the 
> malarial  outbreak  occurs  during  convalescence  from  the  enteric  fever, 
;i  though  occasionally  the  tAvo  infections  may  exist  simultaneously  in  an 
it  active  stage,  as  in  a case  reported  by  Craig.  The  once  pi'evalent  belief 
p that  a special  form  of  fever  existed,  resulting  from  a combination  of  the 
J typhoid  and  malarial  poisons,  to  Avhich  the  name  typho-malarm  might 
I properly  be  given,  is  Avithout  foundation. 

' ' Craig  a.s.serts  that  the  eviilence.s  of  intracorj)u.«cular  conjugation  of  the  parasites,  a pro- 

« ces-s  whicli  he,  in  common  with  Ewing,  reganl.s  a.s  essential  for  the  maintenance  of  an  acute 
» infection,  are  ahsent  in  latent  malaria. 
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JJilsenter/i  and  malaria  may  co-exist,  and  cachectic  patients  are  un- 
(luestionably  disposed  to  intestinal  disorders.  The  combination  of 
malarial  infection  with  dysentery  of  tlie  animbic  type  is  not  uncommon, 
'rhere  is  no  snch  thing,  however,  as  a specific  malarial  dysentery. 
Instances  of  combined  infections  of  malaria  with  cholera,  smaU-pox,  and  a 
number  of  other  acute  diseases  have  been  described.  They  present,  how- 
ever, no  characteristics  woi-thy  of  special  mention.  Tnhercuhms  and 
malaria  were  formerly  thought  to  be  antagonistic.  The  discoveries  of 
recent  years,  however,  have  ju'ovcd  not  only  that  tuberculosis*  does 
not  exclude  malaria,  Imt  that  the  existence  of  paludism  in  a tuberculous 
patient  has  a distinctly  deleterious  influence  upon  the  course  of  the  case, 
favouring  the  increased  activity  of  the  latter  disease.  Post-parium  and 
jiost-ojjeratire  relapses  of  malarial  fever  are  not  uncommon.  Inasmuch  as 
such  relapses  are  not  confined  to  malarial  districts  and  may  assume  a per- 
nicious character,  careful  examination  of  the  blood  should  always  be  made 
in  the  presence  of  anomalous  symptoms  after  operation  or  in  the  puei’- 
perium.  It  should,  however,  be  remembered  that  the  terms  post-partinn 
and  post  operative  malaria  have  been  great!}’  abused.  It  is  probably  fair 
to  say  that  a large  proportion  of  the  cases  rejjorted  in  literature  represent 
septic  infections. 

Diagnosis. — Since  the  discovery  of  the  parasite  the  diagnosis  of 
malaria  has  become  a relatively  simple  matter. 

Tertian  and  Quartan  Infections. — In  single  tertian  or  quartan  fe\  er  the 
characteristic  intermittent  paroxysms  with  the  I'cgnlar  stages  of  chill, 
fever,  and  sweating  justify  of  themselves  a ])robable  diagnosis.  Herpes, 
anaemia,  the  earthy,  greyish,  slightly  jaundiced  colour  of  the  skin,  and 
the  palpable  .spleen  also  help  in  the  diagnosis. 

The  intermittent  febrile  paroxysms  of  puhnonani  tuherculo.sis,  so  fre- 
(piently  confounded  with  malaria,  are  rarely  as  regular,  and  are  usuidly 
of  much  longer  duration.  They  occur  generally  in  the  afternoon,  while 
the  malarial  paroxy.sm  begins  more  commonh’  in  the  morning  houns. 
The  chills,  fever,  and  anaemia  associated  with  infective  endocarditis, 
sejiticamiia,  and  pyannia  may  simulate  malaria ; the  jiaroxysms  are,  how- 
ever, irregular  and  shorter,  two  or  throe  occurring  sometimes  in  twenty- 
four  hours.  Ill  two  instances  of  influenza  I have  seen  remarkablv  resrular 
tertian  and  quotidian  paroxysms  closely  resembling  those  of  paludism,  but 
the  thoracic  symiitoms  were  characteristic,  and  influenza  bacilli  wore 
demonstrated  in  the  sputa.  The  essential  procedure  in  diagnosis  is  the 
examination  of  the  hlood,^  which  reveals  the  characteristic  parasites. 
Another  very  important  point  is  the  constant  absence  of  leucoevtosis  in 
tertian  and  quartan  malaria,  and  its  jiresence  in  most  of  the  conditions 
which  may  give  rise  to  a mistake  in  diagnosis.  The  presence  of  an 
ajipreciable  leucoevtosis  is  strong  evidence  against  the  existence  of  uncom- 
plicated malarial  fever.  AA  hen  liut  few  parasites  are  to  be  found,  pigment- 

’ Til  this  connexion  T venture  to  quote  .i  sl.-iteinent  in.-ule  elsewliere  : It  is  hiipossiMe 
to  make  reUahle  examinations  of  the  htomt  for  malarial  jiara.iites  vithovt  first  being  familiar 
trith  the  onlinanj  appearances  of  normal  blood  and  the  commoner  pathological  changes. 
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licarinj;  leucocytes  may  be  an  important  aid  in  diagnosis  especially  at  the 
time  of  the  paroxysms.  The  skilled  observer  can  usually  distinguish 
malarial  pigment  from  extraneous  particles.  The  diU'erential  diagnosis 
between  tei'tian  and  quartan  infections  is  best  made  by  examination  of 
the  fresh,  unstained  specim-en  of  blood.  The  tertian  organisms  are 
largei',  paler,  more  actively  ammboid.  The  pigment,  especially  in  the 
younger  forms,  is  in  smaller  particles  and  more  actively  motile.  The 
merozoites  in  the  segmenting  organisms  are  more  numerous  (15-30)  and 
not  so  regiUarly  arranged.  The  surrounding  corpuscle  becomes 
decolourised  and  expanded  with  the  growth  of  the  parasite.  The  quartan 
orgaiusm  is  smaller,  more  sharply  outlined,  less  amoeboid,  slower  in  its 
movements ; its  pigment  is  coarser  and  less  motile,  and  often  more  peri- 
pherally placed.  The  merozoites  are  less  numerous  (6-12)  and  more 
regularly  arranged  ; the  surrounding  corpuscle  is  apt  to  retract  about  the 
parasite,  and  becomes  of  a deeper  colour.  The  same  characteristics  may 
be  made  out,  though  with  somewhat  less  distinctness,  in  the  stained 
specimen.  In  quartan  fever  the  organisms  are  found  with  great  frequency 
at  all  stages  of  development.  In  tertian  fever  they  are  somewhat  less 
frecpient  in  the  blood  at  the  period  immediately  preceding  and  during 
sporulatiou  than  duriiig  their  earlier  stages. 

1 Response  to  the  therapeutic  test — the  immediate  disappearance  of  the 
fever  after  treatment  with  quinine,  is  a strong,  though  not  positive 
evidence  of  its  malarial  origiti.  The  persistence  of  intermittent  fever  after 
i vigorous  treatment  with  quinine  excludes  malaria.  Mtdtiple  and  com- 
bined itifections  may  be  readily  recognised  by  examination  of  the  blood. 

' The  simplest,  and  in  many  instances,  the  most  satisfactory  method  of 
i studying  the  parasite  is  in  specimens  of  the  fresh  blood  which,  with  the 
I ]>ortable  microscopes  now  available,  can  be  readily  e.xamined  at  the  l)ed- 
» side.  If  this  be  impossible  the  preparation  of  dried  specimens  stained  by 
1'  one  of  the  diflerent  forms  of  the  Romanovsky  stain,  especially  that  of 
)'  Leishman  and  its  various  modifications  (Wright,  Hastings,  Goldhorn),  is 
1 an  easy  method  of  diagnosis.  The  blood  should  be  examined  before  the 
If  heginning  of  treatment.  A few  doses  of  quinine  often  cause  the  dis- 
I appearance  of  parasites  from  the  peripheral  circulation  or  so  far  reduce 
the  number  as  to  interfere  greatly  with  diagnosis. 

iiTJsfivo-aulnmnal  Malaria. — In  this  form  the  diagnosis  is  not  so  simple. 

When  the  paroxysms  are  distinctly  intermittent,  paludism  may  be  at 
^ once  si;ggested  by  the  raised  temperature,  the  characteristic  change  in  the 
It  complexion,  the  jaundice,  the  frequently  complicating  herpes  and  the 
|l  palpable  spleen.  The  symptoms,  however,  may  be  obscure.  The 
■».  disease  is  most  commonly  confounded  with  enteric  fever.  The  intermittent 
I or  regularly  remittent  character  of  the  fever  may  become  evident  only 
after  long  observation  of  carefully  kept  charts,  while  the  absence  of  chills, 
'•  the  pains  in  the  head,  loin.s,  and  extremities,  the  general  a])athetic  con- 
< dition  of  the  patient,  the  coated  tongue  and  the  enlarged  spleen  all 
in  simulate  enteric  fever.  The  examination  of  the  blood  usually  settles  the 
question.  The  leucocytes  are  normal  or  reduced  in  number  in  both 
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infectious,  but  in  malaria  asstivo-autiimnal  organisms  as  well  as  pigment- 
bearing phagocytes  can  nearly  always  be  found.  A special  diagnostic 
ditliculty  met  with  in  restivo-autumnal  fever  is  the  small  size  of  the  para- 
sites and  the  absence  of  pigment  which,  to  the  unskilled  observer,  renders 
them  difficult  to  recognise  in  fresh  blood.  Again,  artifacts  and  de- 
generative changes  in  the  blood  - corpuscles  are  often  confusing.^  At 
maturity  the  festivo-autumnal  parasites  are  very  scanty  in  the  peripheral 
circulation,  collecting  usually  in  the  internal  organs,  so  that  at  a period 
immediately  preceding  and  during  the  early  part  of  the  parox}"sm,  if  a 
single  group  be  present,  but  few  organisms  may  be  found.  It  is  very 
important,  therefore,  in  any  doubtful  case,  to  prepare  stained  specimens 
of  blood.  The  characteristic  ring -body,  with  its  striking  chromatin- 
granule,  is  much  more  readil}^  distinguished  in  the  stained  specimen  than 
in  the  fresh  blood.  If,  in  a suspected  case,  no  parasites  are  found  i)i  an 
examination  made  early  in  the  paroxysm,  the  procedure  should  always  be 
repeated  some  hours  later,  when  the  result  will  proljal)ly  be  positive. 
Like  Marchiafava  and  Bignami  I have  never  found  it  necessaiy  to  puncture 
the  spleen  for  diagnostic  purposes.  The  procedure  is,  moreover,  by  no 
means  free  from  danger  in  unskilled  hands.  In  cases  which  have  lasted 
over  five  days  the  frequent  presence  of  the  sexually  mature  forms,  the 
large  ovoid  and  crescentic  bodies,  is  of  great  diagnostic  help.  It  is,  how- 
ever, in  the  pernicious  fevers  that  confusion  is  most  likely  to  arise.  The 
comatose  paroxysm  may  be  mistaken  for  sunstroke,  urmmia,  or  cerelnal 
haemorrhage.  The  difierential  diagnosis  from  sunstroke  may  be  extremely 
difficult,  especially  in  cases  in  which  the  latter  occurs  in  an  individual 
already  suftei-ing  from  mild  or  chronic  malaria.  Jaundice,  aiuemia,  and 
enlarged  spleen  would  suggest  malaria,  while  hyperpyrexia  would  l>e 
rather  in  favour  of  sunstroke.  Although  in  some  cases  with  cerebral 
manifestations  there  may  be  no  great  excess  of  parasites  in  the  peripheial 
circulation,  they  are  almost  always  present  in  sufficient  numbers  to  alloAV 
of  a speedy  diagnosis.  The  frequency  of  pigment-bearing  macrophages  is 
a point  of  great  importance  in  the  diagnosis  of  pernicious  fever ; thus,  in 
a case  of  comatose  2)arox3''sm,  in  which  the  number  of  parasites  was 
relatively  small,  I found  numerous  pigmented  macrophages.  As  pointed 
out  by  Marchiafava  and  Bignami,  these  persist  in  the  circulation  for  some 
days  after  the  parasite  has  disappeared  as  a result  of  treatment.  The 
tetanic,  meningeal,  eclamptic,  and  hemiplegic  types  of  malaria  can  also  be 
recognised  by  the  condition  of  the  blood.  In  some  instances,  especially 
in  an  algid  paroxysm  or  in  afebrile  attacks  with  grave  nervous  phenomena, 
the  (lisease  may  l>e  wholly  unsuspected  in  the  absence  of  systematic 
e.xamination  of  the  l>lood.  The  hsemorrhagic  paroxysm  maj^  suggest 
yellow  fever,  Avhich,  indeed,  it  may  complicate.  The  disproportionately 
slow  pulse  in  yellow  fever  is  an  important  diagnostic  point,  while  the 

Nearly  every  year  articles  appear  in  reputable  journals  describing  as  a “ new  variety  of 
malarial  jiarasite  ” the  peculiar  navicular  bodies  with  rotatory  motion  about  a central  axis  so 
commonly  observed  in  red  blood-corpuscles.  Incidentally  the  same  structures  have  been 
described  as  parasites  of  measles  and  of  yellow  fever. 
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quantity  of  albumin  iu  the  urine  is  usually  much  greater  than  in  malaria. 
Examination  of  the  blood  is  suflicient  to  determine  the  presence  of  the 
latter  disease,  although,  as  demonstrated  in  the  recent  epidemic  in  New 
Orleans,  this  ma}'-  not  exclude  co-existing  yellow  fever.^ 

Chronic  Malarial  Cachexia. — The  diagnosis  of  chronic  malarial  cachexia 
is  rarely  difficult  if  the  history  of  the  patient  and  the  conditions  under 
which  he  has  lived  be  taken  into  account.  It  must  be  distinguished 
from  secondary  or  primary  ancemia,  leuktemia,  and  the  various  types  of 
splenomegaly — the  so-called  primary  splenomegaly — splenic  anaunia,  oi' 
Banti’s  disease,  and  especially  from  kala  azar.  The  enlarged  spleen,  the 
grave  amemia,  the  liability  to  luemorrhages  and  dropsical  effusions,  common 
to  these  various  conditions,  may  render  the  diagnosis  rather  difficult. 
Leidvicmia,  of  course,  can  readily  be  excluded  by  examination  of  the 
blood.  The  same,  however,  cannot  be  said  of  primary  splenomegaly  or 
Banti’s  disease,  in  which  the  type  of  anoemia  is  closely  similar  to  that 
usually  observed  in  malarial  cachexia,  Avhile  hepatic  enlargement  is 
common  in  both  maladies.  In  such  cases  one  must  depend  largely  upon 
the  history  of  the  case.  A febrile  recurrence,  Avith  the  presence  of 
parasites  in  the  circulation,  or  the  discovery  of  gametes  of  the  eestivo- 
autumnal  organism,  settles  the  diagnosis.  Kala  azar  {ride  p.  22G)  may 
be  suspected  in  a patient  coming  from  a district  such  as  Assam,  Avhere  it 
is  knoAvn  to  e.xist,  Avho  has  an  enlarged  spleen  and  liA^er,  fever  unrelieved 
1)V  quinine,  and  no  malarial  parasites  in  his  blood.  Splenic  jAuncture 
should  reveal  the  presence  of  the  Leishman- Donovan  body.  On  the 
other  hand,  kala  azar  may  be  complicated  by  malaria,  and  the  most 
decisive  test — splenic  puncture — is  not  Avithout  danger.  There  is  nothing 
characteristic  in  the  nephritis  of  malarial  origin. 

Masked  jSIalarial  Infections. — In  regions  in  Avhich  malaria  is  common, 
or  among  patients  Avho  come  from  malarious  localities,  examination  of 
the  blood  in  all  doubtful  or  unusual  manifestations  should  never  l>e 
. neglected,  as  this  may  lead  to  the  discovery  and  relief  of  a considerable 
number  of  unsuspected  cases  of  malaria  (cf.  p.  2G7). 

Prognosis. — The  prognosis  of  tertian  and  quartan  infections  is  almost 
alAA-ays  good ; I know  of  but  tAvo  recorded  instances  of  jAernicious  fever 
occuiTing  in  tertian  malaria  (French,  Ewing).  Spontaneous  recovery  is 

!|  not  itifrequent  in  tertian  fever.  Frequent  relapses  are,  hoAvever,  the 
I rule,  and  uidess  thorough  and  persistent  treatment  be  carried  out,  grave 
cachexia  may  develop.  Quartan  fever,  though  benign  in  its  manifesta- 
, tions,  is  peculiarly  tenacious,  relapses  often  occurring,  undei-  slight 
^ provocation,  through  long  periods  of  time.“  Under  treatment  Avith  (piinine 
ifi  recovery  is  uniA^ersal. 

t ’ Lanaux  of  New  Orleans  has  shewn  me  several  interesting  charts  of  combined  infections 
f with  malaria  and  yellow  fever  ; his  communication  upon  this  subject  will  appear  shortly. 

• -Thus  Galen  {Glaucon,  ix.  ; K'Ohn,  xi.  2.5)  says:  “Among  the  intermittents  the 
4l  shortest  and  most  tr.actablc  is  the  tertian  ; the  longest,  but  that  Avhich  is  per  se 
'•  free  from  danger,  is  the  quartan.”  — eVt  ovv  rots  5ia\(CTrov<rcr  diurards  re  dpa 
G'  Kai  emtiKeaTaro's  6 rpiratSs  cart'  paKporaros  5i  Kai  aKiySuyos  ocov  e<f/  eavT(p  6 
TiTapToio^. 
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111  a'gtivo-aatiuniud  fever  the  prognosis  depends  upon  tiie  gravity  of 
the  infection  and  the  tluration  of  the  case.  If  untreated,  spontaneous 
recovery  may  occur,  hut  the  development  of  grave  cachexia  is  common, 
and  pernicious  manifestations  are  by  no  means  unusual.  If  the  diagnosis 
be  made  early,  and  thorough  treatment  with  quinine  be  initiated,  the 
prognosis  is  perfectly  good.  If,  however,  pernicious  si/m2)toms  have 
developed,  the  prognosis  is  always  extremely  grave.  An  absolutely 
favouralile  prognosis  cannot  be  given  until  at  least  forty -eight  hours 
after  the  beginning  of  treatment.  Not  infrequently  the  subsidence  of 
one  paroxysm  may  be  rapidly  followed  by  a second,  which,  despite  all 
treatment,  may  prove  fatal.  If,  however,  this  paro.xysm  be  recovered 
Irom,  a favourable  prognosis  may  be  given  in  most  instances.  The 
presence  of  an  excessive  number  of  parasites  in  the  jieripheral  circulation 
in  the  interval  following  a pernicious  paroxysm  is  of  grave  import. 
The  converse,  however,  does  not  justify  a corresponding  good  jrrognosis, 
inasmuch  as  there  ma}'^  be  a relative  infrequency  of  parasites  in  the  peri- 
pheral circulation  in  cases  of  grave  cerebral  manifestations  (vide  p.  2G1). 
Nor  does  the  disappearance  of  the  parasites  from  the  blood  under  treat- 
ment of  itself  justify  a favoiu'able  prognosis,  for,  despite  this,  the 
pernicious  paro.xysm  may  continue  to  a fatal  termination.  The  prognosis 
in  chronic  malarial  cachexia  is  usually  good  as  far  as  life  is  concerned,  if 
the  condition  have  not  lasted  too  long,  and  if  the  patient  be  in  a position 
to  take  proper  therapeutic  and  prophylactic  measures.  Kemoval  to  a 
healthy  non -malarious  district  or  proper  treatment,  even  at  home,  will 
usually  be  followed  b}'  recovery.  Without  such  measures,  however, 
though  rarely  dying  from  the  malarial  cachexia  alone,  the  patient  falls  a 
prey  sooner  or  later  to  some  secondary  infection — chronic  nephritis  or, 
l>erliaps,  amyloid  disease.  The  prognosis  in  malarial  nephritis  is  as  a rule 
good,  although  chi-onic  progressive  changes  mat'  occur.  The  same  is  true 
of  the  remarkable  nervous  phenomena  which  may  follow  malaria.  While 
proper  treatment  is  followed,  in  the  great  majority  of  instances,  by  perfect 
recovery,  yet  such  cases  as  that  of  Spiller  suggest  that  permanent  changes 
may  remain. 

Treatment. — The  treatment  of  malaria  may  be  divided  into  (1)  genci’al 
management,  (2)  medicinal  measures. 

Genera!  Manacicment. — Wherever  possible,  the  patient  should  be  con- 
fined in  bed  until  all  febrile  manifestations  have  subsided  and  the 
parasites  have  disappeared  from  the  peripheral  circulation.  But, 
unfortunately,  it  is  not  always  easy  to  enforce  this  in  mild  cases.  In 
some  tertian  infections  rest  in  bed,  with  proper  diet  and  care,  are  alone 
sufficient  to  effect  a temporary  or  even  a permanent  cure,  and  there  is  a 
decided  difference  between  the  course  of  tertian  and  quartan  infections  in 
individuals  who  keep  about  their  business  and  in  those  who  submit  for 
a period  of  a week  or  several  days  to  thorough  treatment.  Best  in  bed 
should  be  insisted  upon  in  all  cases  of  testivo-autumnal  fever. 

During  the  short  cold  stage  of  the  paroxysm  the  patient  should  be 
made  as  comfortable  as  possible.  arm  coverings  are  allowable,  even  if 
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the  fever  have  already  begun.  Hyperpyrexia,  especially  in  testivo- 
autumnal  fever,  where  the  paroxysms  are  of  longer  duration,  should  be 
met  by  cohl  sponging  or  tub-baths. 

In  tertian  and  quartan  fever  there  is,  as  a rule,  no  occasion  for 
modifying  the  diet.  In  the  more  severe  sestivo-autumnal  fevers  the  lack 
of  appetite  and  general  prostration  of  the  patient  may  render  a liquid  or 
soft  diet,  consisting  of  broths,  sou^js,  milk,  raw  or  soft-boiled  eggs,  and 
the  like,  more  convenient.  If  there  be  no  gastro-intestinal  symptoms, 
solid  food  may  be  given  if  the  patient  so  desire.  Abundance  of  water 
should  be  allowed. 

Medicinal  Treatment. — We  are  fortunate  in  possessing  a drug  which 
exercises  a true  specific  action  on  malaria.  All  malarial  infections  yield 
to  quinine,  provided  treatment  be  instituted  in  time.  The  efi'ect  of  the 
drug  depends  upon  its  poisonous  action  upon  the  parasites.  As  early  as 
1867  Binz  correctly  concluded  that  tlie  efficacy  of  quinine  in  palutlism 
depended  upon  its  action  as  a protoplasmic  poison  upon  some  lower 
organism,  an  hypothesis  based  upon  his  experience  concerning  the 
influence  of  quinine  upon  the  infusoria.  Various  observers  (Golgi, 
Mannaberg,  Romanovsky,  IMarchiafava,  Bignami,  Baccelli,  Lo  Monaco, 
and  Panichi),  who  have  studied  the  changes  occurring  in  parasites  after 
the  administration  of  quiniTie,  confirm  Laveran’s  observation  that  the 
organisms  rapidly  disappear  after  the  drug  has  been  taken.  This  is 
true  of  all  forms  of  the  malarial  parasite  excepting  the  gametes,  especially 
those  of  the  sestivo-autumnal  organism  (crescentic  and  ovoid  forms), 
which  may  persist  for  weeks  or,  rarely,  for  months  during  treatment. 
These  bodies,  however,  are,  in  ordinary  circumstances  at  least,  incapable 
of  giving  rise  to  the  ase.xual  cycle  of  the  parasite,  and  are,  therefore, 
harmless  while  in  the  human  body.  Quinine  exercises  its  action  rapidly 
on  the  merozoites  during  their  extra- corpuscular  and  earlier  intra- 
corpuscular  stages.  The  mature  schizonts  are  more  resistant.  If  quinine 
be  introduced  into  the  circulation  at  about  the  time  that  the  parasites 
have  readied  maturity,  it  will  not  prevent  the  segmentation  of  the 
ripening  group,  but  it  will  destroy  the  young  merozoites.  If  it  be 
introduced  into  the  circidation  in  sufficient  quantities  during  or  soon 
after  the  paroxysm,  it  will  go  far  toward  destroying  the  group  of 
parasites  which  have  caused  the  fresh  infection.  In  order,  then,  to 
prevent  the  further  development  of  a group  of  malarial  organisms, 
quinine  should  be  administered  so  as  to  be  present  in  solution  in  the 
blood  at  the  time  of  segmentation  or  during  the  earlier  part  of  the 
intra- corpuscular  life  of  the  parasites,  that  is,  during  the  several  hours 
before  and  during  the  paroxysm,  and  during  the  twenty-four  hours 
immediately  following  it. 

Effects  of  Quinine  upon  the  Human  Being  {(Unchonism). — In  most  indi- 
viduals ordinary  therapeutic  doses  of  quinine  are  without  seriously 
unpleasant  consequences,  producing,  at  the  most,  slight  tinnitus  aurium 
and  deafness.  Larger  doses  jiroduce  more  pronounced  deafness,  vertigo, 
and  headache,  which  may  be  severe.  This  is  followed  in  graver  cases  by 
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great  muscular  weakness,  tremor,  staggering  gait,  dilatation  of  the 
pupils,  amblyopia,  amounting  sometimes  to  total  Idindness,  and,  if 
the  dose  be  large  enough,  finally  convulsions  and  death.  A number 
of  cutaneous  disturbances  have  been  observed  after  quinine.  Urticaria 
and  scarlatiniform  erythemas  are  common ; the  latter  may  be  followed 
by  desquamation.  There  are  great  variations  in  the  susceptibility  of 
different  individuals  to  the  toxic  effects  of  quinine.  Most  patients  are 
able  to  take  doses  up  to  grs.  v.  (0'325  gramme)  without  discomfort. 
Many,  however,  suffer  from  tinnitus  aurium  and  headache  with  doses  as 
large  as  from  grs.  x.-xv.  (O'65-l  gramme);  these  symptoms  are,  however, 
transient  and  free  from  serious  consequences.  Occasionally  patients  are 
met  with  who,  through  individual  idiosyncrasy,  shew  such  a marked 
susceptibility  to  the  action  of  quinine  that  its  use  is  really  impossible. 
In  such  cases  gastro-intestinal  symptoms  of  great  severity,  vomiting  and 
purging,  with  marked  urticarial  or  scarlatiniform  eruptions,  follow  even 
the  smallest  doses.  This  susceptibility  usually  extends  to  the  other 
cinchona  derivatives.  These  cases  are,  fortunately,  very  unusual.  I 
have  met  with  but  two.  As  is  mentioned  elsewhere  (p,  294),  quinine 
may,  in  rare  instances,  be  followed  by  haemoglobinuric  fever.  In  the 
vast  majority  of  cases  in  which  patients  assert  that  they  “cannot  take 
quinine,”  it  will  be  found  that  the  reason  for  the  prejudice  is  that  larger 
doses  than  necessary  have  been  administered. 

Absorption  and  Elimination  of  Quinine. — Quinine  is  rapidly  absorbed  ; 
it  is  eliminated  almost  exelusively  by  means  of  the  kidneys,  the  first 
traces  appearing  in  the  urine  from  15  to  17  minutes  after  ingestion,  and 
the  greater  part  of  elimination  being  accomplished  within  the  fii-st 
twenty-four  hours.  Mariani,  however,  has  shewn  that  elimination 
continues  for  at  least  .six  days,  one-half  to  two-thirds  of  the  molecule  of 
the  alkaloid  being  demolished  during  its  long  sojourn  in  the  tissues,  so 
as  to  render  its  intermediate  or  final  products  unrecognisable.  By 
intravenous  administration  a large  quantity  of  quinine  may  be  rapidly 
introduced  into  the  circulation.  I have  seen  cinchonism  follow  within 
a few  minutes  of  the  intravenous  introduction  of  grs.  xv.  (I  gramme)  of 
the  acid  hydrochloride.  The  intra-muscular  injection  of  (punine  has  the 
advantage  of  more  prolonged  action,  but  this  is  less  intense  because  of 
the  notable  quantity  of  the  drug  which  is  precipitated  at  the  seat  of 
injection.  On  this  precipitation  depends  the  paradox  that  to  pro- 
duce the  same  effect  the  dose  of  quinine  must  be  larger  when  given  by 
hypodermic  injection  than  when  given  by  the  mouth.  The  absorption 
of  quinine  by  the  gastro-intestinal  mucosa,  although  varying  consideralily 
in  its  rapidity,  is  usually  complete.  Fever  docs  not  interfere  with  its 
al)soi'ption  except  in  the  pi’esence  of  special  gastro-intestinal  disturbances. 
The  administration  of  quinine  at  the  time  of  a meal  seems  to  promote  its 
absorption  into  the  general  circulation  ; if  taken  with  food  it  appears  to 
remain  in  the  circulation  in  a somewhat  higher  proportion  during  the 
second  and  third  days  after  the  administration.  The  absorption  of 
the  less  soluble  preparations  of  quinine  is  at  least  as  complete  as  that 
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of  the  more  soluble  salts.  Quinine  is  cumulative  in  its  action.  On  daily 
repetition  of  a given  amount,  the  fresh  dose,  entering  the  circulation,  is 
added  to  the  active  residue  of  the  former  doses,  so  that  the  ajuount  of 
quinine  in  the  vessels  arrives,  within  the  fii’St  week,  at  its  maxdmum 
limit,  an  amount  such  as  is  found  in  the  first  twenty-four  hours  only 
after  the  ingestion  of  a single  dose  equal  to  double  that  which  is 
administered  daily. 

Preparations  and  Manner  of  Administration. — Of  the  various  salts  of 
quinine,  the  sulphate,  the  bisulphate,  and  the  acid  hydrochloride  are 
most  commonly  used.  The  sulphate  whicli  is  the  cheapest  salt  is  that  in 
general  use,  and  is  thoroughly  satisfactory  for  administration  by  the 
mouth.  For  hypodermic,’-  intravenous,  or  rectal  administration,  the  more 
soluble  forms,  especially  the  acid  hydrochloride,  which  is  soluble  in  less  than 
its  own  quantity  of  water,  are  more  suitable.  Quinine  is  best  absorbed 
when  administered  in  solution.  The  ordinary  sulphate  of  quinine  is 
easily  rendered  soluble  by  adding  to  the  aqueous  mixture  one  drop  of 
dilute  hydrochloric  or  sulphuric  acid  for  each  grain  (0'065  gramme)  of  the 
salt.  The  taste  is,  however,  very  bitter  and  unpleasant.  It  can  be  some- 
what masked  by  preparations  of  ginger  or  chocolate.  Quinine  may 
also  be  given  in  the  form  of  capsules,  tablets,  or  pills.  The  insolubilit}^ 
and  common  adulteration  of  quinine  pills  render  their  use  unsafe.  The 
administration  of  quinine  tablets,  such  as  those  at  present  prepared  by 
the  Italian  Government,  has  proved  very  satisfactory.  A preparation 
known  as  euquinine,  the  ethyl  ether  of  quinine-carbonic  acid,  was  placed 
upon  the  market  a few  years  ago,  and  was  i-ecommended  because  of  its  taste- 
lessness ; it  has  a slightly  bitter  taste,  but  much  less  so  than  quinine.  The 
dose  is  about  a half  again  that  of  the  sulphate.  The  Italian  Government 
has  used  with  great  success  in  cldldren  a confection  consisting  of  a 
mixture  of  chocolate  and  tannate  of  quinine.  The  tannate  is  so  slowly 
absorl)ed  that  aljout  one-fifth  of  the  dose  escapes  with  the  fseces.  The 
dose  should  be  somewhat  more  than  twice  that  of  the  sulphate. 

For  hypodermic  use  the  acid  hydrochhjride  is  the  most  sati.sfactory 
salt,  although  the  bisulphate,  which  is  soluble  in  nine  or  ten  parts  of 
water,  will  answer  in  an  emergency.  For  intravenous  administration  we 
have  used  the  following  solution  advised  by  Baccelli : — 

Acid  hydrochloride  of  quinine  . . grs.  xv.  (1  graiuine) 

Chloride  of  sodium  . . . gr.  1 (O'OTf)  gramme) 

Distilled  water  ....  5iis.s.  (1  0 grammes) 

The  solution  should  be  perfectly  clear,  and  may  be  injected  hdee-warm. 
The  rectal  administration  of  quinine  is  rarely  necessary,  and  is  I’ather 
unsatisfactory.  Readily  solulde  salts  should  be  used. 

There  has  been  much  discussion  as  to  the  time  at  which  quinine 
should  be  given.  The  answer  depends  upon  the  nature  of  the  case,  and 

' In  the  hypodermic  admini.stration  of  quinine  it  is  extremely  im])ortant  to  introduce 
the  needle  deeply  ; iiitra-innscnlar  injections  are,  indeed,  safer.  Superficial  injections  are 
often  followeil  by  painful  and  disfiguring  necroses  of  the  skin. 
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upon  what  one  desires  to  accomplish.  Single  large  doses  of  quinine  by 
the  mouth  have  the  best  effect  if  given  three  to  four  hours  before  the 
onset  of  the  paroxysm.  This  does  not  prevent  the  impending  paroxysm 
but,  l)y  destroying  a large  part  of  the  group  of  organisms  resulting  from 
the  segmentation  of  the  mature  generation,  prevents  its  recurrence.  It 
is  at  about  the  time  of  the  paroxysm,  immediately  preceding,  during, 
and  following  it,  that  the  most  vigorous  treatment  should  be  given  in 
cases  where  such  methods  are  necessary. 

Treatment  of  Tertian  and  Quartan  Fever. — The  patient  should  be  put 
to  bed  if  })Ossible.  He  should  be  assured  that  the  results  of  treatment 
will  be  much  more  rapid  and  complete  if  he  be  willing  to  give  up 
business  for  a few  days.  As  a rule,  it  is  quite  sufficient  to  administer  at 
regular  intervals  from  grs.  ii.-v.  (0T2  to  0’325  grm.)  of  the  sulphate  of 
quinine  three  times  a day,  when  possible  after  meals.  Most  tertian 
infections  yield  readily  to  doses  as  small  as  grs.  ii.  (0T2  grm.)  three  times 
a day.  If  the  paroxysms  have  been  severe  it  may  be  well  to  give  a large 
dose  of  quinine,  grs.  x.-xv.  (0‘65-l  grm.),  three  to  five  hours  before  the 
next  attack  is  expected.  If  the  patient  be  seen  during  a j)aroxysm,  a 
single  dose  of  grs.  v.  (0’32  grm.),  given  immediately  after  defervescence, 
especially  if  followed  by  regular  treatment,  is  usually  sufficient  to  prevent 
further  symptoms  on  the  part  of  the  segmenting  group  of  parasites. 
After  three  or  four  days’  treatment  it  is  generally  well  to  reduce  the  dose 
to  grs.  ii.  (0T2  grm.)  three  times  a day.  This  treatment  should  then  be 
continued  for  at  least  three  weeks.  If  the  patient  insist  on  remaining  up 
and  about,  it  may  be  necessary  to  continue  laiger  doses,  grs.  v.  (0‘325  grm.) 
three  times  a day  for  as  much  as  ten  days,  although,  in  most  instances, 
grs.  ii.  (0T2  grm.)  every  four  hours  will  be  quite  sufficient.  Considerably 
larger  doses  are  necessary  wiien  the  patient  is  up  and  about  than  when 
he  is  in  bed.  The  parasites  disappear,  usually,  from  the  blood  in  from 
twenty-four  to  seventy-two  hours  after  the  beginning  of  treatment. 

Treatment  of  /Estivo-autumnal  Fever. — The  patient  should  be  confined 
to  bed  until  the  fever  has  gone,  and  all  traces  of  the  asexual  cycle  of  the 
pai-asites  have  disappeared  from  the  circulation.  In  ordinary  cases  grs.  v. 
(0'325  grm.)  of  the  sulphate  of  quinine  every  four  hours  is  a sufficient 
dose.  This  should  be  continued  usually  for  about  a week,  the  dose  being 
gradually  reduced  until  at  the  end  of  about  ten  days  the  patient  is  taking 
grs.  ii.  (0T2  grm.)  of  quinine  three  to  four  times  a day.  This  treatment, 
as  in  tertian  and  quartan  fever,  should  then  be  continued  for  at  least  three 
weeks.  If  relapses  occur  the  dose  should  bo  increased  again.  If  the 
paroxysms  are  severe,  from  grs.  xv.-xx.  (1-1-3  grm.)  may  be  given  at  the 
outset  and  a few  hours  before  the  time  of  onset  of  the  next  expected 
recurrence. 

Many  observers  recommend  the  intermittent  administration  of 
(piinine,  large  doses  of  the  drug,  grs.  x.-xxx.  (0-G5-2  grm.),  being 
administered  during  the  period  of  apyrexia  from  three  to  five  hours 
before  the  expected  paroxysms,  for  three  or  four  days,  grs.  xv.  (1  grm.), 
being  repeated  every  six  or  seven  days  for  a month  or  more  afterwards. 
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Koch,  in  order  to  avoid  relapses,  advises  the  administration  of  grs.  xv. 
(1  grin.)  of  quinine  about  every  seven  da_ys  for  two  days  in  succession, 
this  treatment  being  continued  for  two  months.  Without  the  l)enefit 
of  comparative  statistics  of  our  own,  we  have  always  been  under  the 
impression  that  the  results  of  continuous  treatment  were  more  satis- 
factory than  those  of  intermittent.  The  demonstration  of  the  cumula- 
tive action  of  the  drug  by  Mariani  supports  this  method  of  treatment 
theoretically,  while  practically  the  prophylactic  results  of  continued 
administration  of  the  drug  are  more  satisfactory  (Celli).  In  jjmi/rhnts 
jH(ro.ri/sms,  most  vigorous  treatment  is  demanded  from  the  onset.  The 
acid  hydrochloride  of  quinine  should  be  given  intravenously  in  doses  of 
grs.  XV.  (1  grm.).  This  dose  may  be  repeated  if  necessary,  several  times 
at  intervals  of  four  hours.  The  treatment  will  usually  prevent  any 
I further  dangerous  manifestations  from  the  segmenting  generation  of 

i parasites,  although  it  may  be  that  a severe  and  even  fatal  paroxysm,  due 

to  another  group  of  organisms,  may  occur  within  forty -eight  hours.  If  the 
parasites  remain  present  in  large  numbers,  from  grs.  v.-x.  (0’325-0'65  grm.), 
or  the  sulphate  or  acid  hydrochloride  should  be  administered  by  the 
I mouth  when  possible,  every  four  hours  during  the  first  twenty-four  hours 
! following  the  paroxysm.  If  the  patient  remain  unconscious,  grs.  xv. 
(1  grm.)  should  be  given  intravenously  every  six  to  eight  hours,  until  the 
parasites  begin  to  disappear  from  the  blood,  when  the  dose  may  be 
reduced  to  grs.  v.  (0'325  grm.)  every  four  hours.  In  cases  in  which  the 
patient  asserts  that  he  cannot  take  quinine,  its  administration  in  smaller 
(luantity  or  hyjiodermically  will  usuall}"  accomplish  the  desired  result 
without  serious  discomfort.  Many  patients  who  are  unpleasantly 
cinchonised  by  doses  of  grs.  x.  (0'65  grm.),  or  even  grs.  v.  (0'325  grm.)  of 
the  suli)hate  may  be  successfully  treated  if  put  to  bed  and  given  small 
amounts,  grs.  i.-iii.  (0’065-0‘2  grm.),  at  regular  intervals.  Quinine  is 
contra-indicated  only  in  those  rare  cases  in  which,  through  special  idio- 
1'  syiicrasy,  violent  symptoms  follow  even  the  smallest  doses.  In  these 

f instances,  which  are  happily  rare,  the  patient  should  be  removed  to  the 

|)  most  healthy  region  possible ; absolute  rest  in  bed  should  be  insisted 
I upon,  and  treatment  with  methylene  blue  employed. 

1 Various  other  drugs  have  been  used  in  the  treatment  of  malaria, 

f Few,  however,  deserve  serious  mention.  Other  cinchona  derivatives  such 
i as  cinchonin,  cinchonidin,  qumidia,  and  quinoidia  have  been  recommended. 
0 Their  efficacy  is,  however,  far  less  than  that  of  quinine,  and  the  occasions 
(i  for  their  use  ai-e  limited. 

Methylene  blue  was  shewn  by  Guttmann  and  Ehrlich  to  have  a certain 
>1  anti-malarial  action.  My^  own  experience  confirms  that  of  most  observers 
ij  that  its  efficacy  is  far  below  that  of  quinine,  and  uncertain.  I have  seen 
a relapse  occur  in  bed,  under  continued  treatment.  I have,  however, 
<'  used  it  with  success  in  tertian  infection  in  an  individual  with  an 
[I  idiosyncrasy  against  quinine,  the  patient  having  been  previousl}’  I'cmoved 

< to  a healthy  mountainous  region  and  confined  to  bed.  It  may  be  given 

. in  capsules  in  do.ses  of  from  grs.  ii.-iii.  (0T3-0-2  grm.)  every  four  hours. 
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The  stranguiy,  which  so  commonly  follows  its  ingestion,  may  be  relieved 
by  the  administration  of  small  (juantities  of  powdered  nntmeg.  Phenocoll, 
ai)out  which  much  has  been  Avritten  l>y  Italian  authors,  is  of  little  value. 
The  same  holds  good  foi‘  the  various  arsenical  preparations  such  as  the 
arrh^nal  of  Gautier.^ 

Symptomatic  Treatment. — Various  manifestations  require  symptomatic 
treatment.  Vomiting,  purging,  excitement  or  delirium  during  the 
paroxysm  may  be  controlled  by  hypodermic  administration  of  morphine. 
In  collapse  during  pernicious  paroxysms,  active  stimulation  must  be 
resorted  to.  Alcohol,  strychnine,  or  digitalin  may  be  freely  administered. 
During  an  algid  paroxysm  heat  should  be  applied  externally,  while 
subcutaneous  infusion  of  saline  solution  may  be  of  value.  Hyperpyrexia 
should  1)6  treated  by  cold  sponging  or  baths.  Amemia  following  malaria 
should  l,)e  treated  l)y  rest,  diet,  iron,  and  arsenic. 

Chronic  Malarial  Cachexia. — The  patient  should,  if  possible,  be  re- 
moved to  a healthy  locality  or  at  least  placed  at  home  in  conditions  such 
as  to  remove  him  from  sources  of  further  infection.  An  attempt  should 
then  be  made  to  eliminate  an  existing  infection  and  prevent  relapses  by 
the  administration  of  small  doses  of  quinine,  grs.  ii.-iii.  (0T3-0‘2  grm.) 
thi’ee  times  a day.  If  there  be  grave  ansemia  he  should  be  kept 
absolutely  at  rest,  and,  as  far  as  possible,  out  of  doors.  Exercise  should 
be  forbidden ; the  diet  should  bo  nourishing  and  simple ; massage  and 
hydrotherapy  are  often  of  considerable  benefit.  The  anaemia  should  be 
treated  by  iron  and  arsenic.  No  preparations  of  iron  are  as  good  in 
the  treatment  of  anremia  as  the  tinct.  ferri  perchloridi  (tinct.  ferri 
chloridi  U.S.P.),  and  pilula  ferri  (pil.  ferri  earbonatis  U.S.P.). 

There  is  nothing  specific  in  the  treatment  of  post-malarial  nephritis, 
or  of  the  various  complications  of  the  disease. 

Personal  Prophylaxia. — As  the  important  question  of  public  propln^- 
laxis  is  considered  by  Prof.  Koss,  it  is  necessary  to  add  a feAv  words 
only,  with  regard  to  those  personal  measures  Avhich  should  be  adopted 
by  individuals  Avho  are  obliged  to  live  in  a malarious  locality.  These 
measures  are  mechanical  and  medicinal.  The  former  consist  in  pi'e- 
cautions  to  avoid  the  bites  of  infected  mosquitoes.  In  dangerous  regions 
mosquito  netting  should  always  be  carried,  and  used  in  such  a way  that 
mosquitoes  cannot  enter-,  for  an  improperly  used  net  is  as  bad  as  noneat  all. 
If  one  be  obliged  to  expose  oneself  among  infected  mosquitoes  it  is  Avell 

^ There  are  few  more  di.scoiiraging  illustrations  of  the  weakness  and  fallibility  of  human 
judgment  than  those  revealed  by  a review  of  the  literature  appe.aring  every  year  concerning 
new  remedies  for  malaria.  He  who  attempts  to  .study  the  therapeutical  etl'eets  of  a drug  on 
malarial  fever  should  read  and  take  to  heart  the  cl.assical  e.vperience  of  Chomel  quoted  by 
Laveran  from  Trousseau  and  Pidoux.  Chomel,  wishing  to  test  the  properties  of  a powder 
of  holly,  chose  twenty-two  ji.atients  suffering  from  intermittent  fever,  Init  before  giving  the 
)>owder  in  question  he  put  them  under  simple  expectant  treatment.  Nineteen  recovered 
spontaneously.  Of  the  remaining  three,  one  had  a qu.artan  fever  and  two  quotidian.  The 
powdered  holly  wvas  administered  to  these  patients  without  effect  ; all  recovered  quickly 
under  quinine.  If  at  the  outset  Chomel  had  given  the  powder  of  holly  to  his  twenty-two 
patients  it  might  have  been  concluded  that  it  had  cured  the  fever  in  nineteen  out  of 
twenty-two  instances. 
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to  wear  a hat  provided  with  a net  such  as  that  devised  for  the  railroad 
employees  in  Italy,  and  to  2>votect  the  ankles  with  gaiters,  and  the  hands 
with  gloves. 

The  medicwal  measures  consist  in  the  use  of  quinine.  There  is  no 
doubt  of  the  great  value  of  quinine  as  a proj)hy lactic,  but  there  is  con- 
siderable difference  of  ojhnion  as  to  the  l)est  method  of  administration. 
Good  results  have  been  reported  from  the  use  of  daily  doses  of  from 
grs.  iss.-iiiss.  (O' 1-0 ’2 3 grm.),  while  others  ju'efer  giving  larger  doses  with 
several  days’  intermission,  grs.  viiss.-xv.  (O'5-l  grm.)  every  four  to  eight 
days.  Ex{)eriments  on  a large  scale  carried  out  by  the  Italian  society 
for  the  study  of  malaria  shew  that  a daily  jjortion  of  about  grs.  vi. 
(0'4  grm.)  of  quinine  is  better  borne  and  gives  more  satisfactory  results 
than  larger  intermittent  doses — an  observation  which  is  also  in  accord 
with  the  conclusions  of  Mariani  as  to  the  cumulative  action  of  the  drus'. 
Arsenic  is  of  no  viable  as  a }jroj)hvlactic. 

W.  S.  Thayer. 
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THE  PUBLIC  PROPHYLAXIS  OF  MALARIA 

By  Prof.  R0X.A.LD  Ross,  C.B.,  F.R.S.,  LL.D.,  D.Sc.,  D.P.H. 

I The  modern  prophylaxis  of  malaria  is  based  upon  the  following  leading 
facts  ascertained  since  1897  : first,  that  the  luemocytozoa  which  cause 
the  disease,  when  ingested  by  certain  species  of  gnats  of  the  sub-family 
Anopheliuie,  undergo  further  development  in  them,  and  then  after  more 
than  a week  pass  with  the  insects’  salivary  secretion  into  the  blood 
of  fresh  human  hosts ; secondly,  that  these  insects  breed  mostly  in 
appropriate  terrestrial  waters  in  warm  climates — thus  explaining  the  old 
theorem  that  malarial  fever,  or  paludism  as  it  is  often  called,  is  connected 
B with  marshy  areas.  No  valid  evidence  and  arguments  have  yet  been 

I advanced  in  favour  of  the  view  that  the  disease  can  be  produced  in  any 
^ other  way.  Hence  a number  of  methods  for  checking  or  suppressing  it 
il  can  be  suggested.  If  the  parasites  are  assiduously  destroyed  liy  means 
$ of  cpiinine  in  most  of  the  patients  in  a locality,  it  follows  that  the 

V mosquitoes  will  not  become  infected  from  them  and  will  not  therefore 
infect  others,  though  they  may  be  as  numerous  as  before.  Secondly,  if 

lit  healthy  persons,  such  as  Europeans  newly  arrived  in  the  tropics,  take 
ti  care  to  live  at  a distance  from  infected  people,  .such  as  native  childi  en  (a 
large  percentage  of  whom  often  harbour  the  parasites),  then  they  are  less 
lol  likely  to  be  bitten  by  mosquitoes  which  have  infected  themselves  from  the 
ij.  latter.  Thii’dly,  precautions  against  the  bites  of  mosquitoes,  as  by  the 

II  careful  use  of  mosquito-curtains  and  wire-gauze  sci’eens  to  the  windows, 
must  largely  reduce  the  chances  of  infection.  Foiu  thly,  destruction  of 
the  larva?  of  the  insects  or  obliteration  of  their  brceding-j^ools  will  have 

» the  same  effect  by  reducing  the  number  of  carrying  agents  in  a locality. 

But  a mere  enumeration  of  these  methods  is  not  sufficient.  All  of 
ill  them  involve,  for  public  prophylaxis  at  least,  expenditure  of  labour  and 
Ti.  money,  and  also  demand  a knowledge,  not  only  of  this  particulai-  subject, 

V but  of  public  health  matters  iu  general.  It  would,  of  course,  be  best  to 
I employ  all  the  methods  simultaneously,  but  few  malarious  areas  possess 
I .sufficient  public  funds  foi-  this,  and  the  Health  Officer  is  therefore 
' . generally  compelled  to  consider  carefully  which  of  them  he  will  adopt. 

The  first  method,  which  is  essentially  that  used  for  the  prevention  of 
I many  communicable  diseases,  namely,  the  detection,  isolation,  and  treat- 
' meat  of  the  sick,  is,  in  the  case  of  malaria,  difficult  for  lai'ge  civil 
I communities.  To  extirpate  the  parasites  in  a patient  demands,  let  us 
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sav,  four  months’  assiduous  ciiichonisatioii  ; and  in  many  malarious  towns 
a large  percentage  of  the  natives  and  nearh^  all  the  children  may  be 
infected.  To  deal  with  these  would  require  a heavy  annual  expenditure 
for  medical  attendance  and  quinine,  with  examination  of  immigrants. 
The  method  is  more  promising  for  soldiers,  Government  servants,  railway 
employees,  and  coolies,  who  can  more  easil}’’  be  forced  to  submit  to  the 
treatment — which  many  rebel  against.  Public  lectures  on  the  subject, 
the  publication  of  sanitary  instructions,  and  the  cheap  sale  of  quinine 
form  part  of  the  campaign ; but  })ractical  .sanitarians  acquainted  with  the 
inertia  of  the  public,  even  in  civilised  communities,  will  probably  prefer 
other  measiires  if  practicable. 

The  second  measure — the  segregation  of  the  healthy — is  one  which 
has  long  been  used  in  India,  where  the  Euroj)eans  generally  live  in 
separate  cantonments.  It  protects  only  a section  of  the  public.  In 
places  where  it  has  not  already  been  adopted,  it  will  generally  demand 
the  building  of  a new  station  for  Europeans.  This  will  l)e  costly,  and 
the  question  will  always  arise  whether  the  same  amount  of  money  could 
not  have  been  better  spent  in  protecting  the  whole  pul)lic,  European 
and  native  alike.  Besides,  complete  segregation  is  almost  always 
impracticable. 

The  third  measure — mechanical  protection  from  mosquito  bites — is 
invaluable  for  private  prophylaxis.  A careful  person  may  probably  avoid 
over  ninety  per  cent  of  the  average  number  of  mosquito  bites,  and  thus 
reduce  l)y  the  same  amount  his  chances  of  being  infecteil.  All  pnl)lic 
buildings  ought  invariably  to  be  protected  by  screening,  and  there  is  no 
reason  why  private  houses  should  not  be  screened  in  British  Colonies  as 
they  so  fiequently  are  in  America.  But  the  mass  of  the  po})ulation  will 
not  easily  be  persuaded  to  spend  the  necessary  money — at  least  in  the 
tropics ; and  public  funds  can  scarcely  be  used  for  the  purpose. 

'I'he  fourth  measure — the  reduction  of  mosquitoes  by  drainage  or  other 
treatment  of  their  Ineeding-waters — possesses  the  following  advantages. 
It  can  be  effected  by  the  local  authority,  if  necessarj^  without  the  co- 
operation of  the  piiblic — which  is  practically  always  difficult  or  im})ossible 
to  obtain  in  connexion  with  sanitation  on  account  of  public  ignorance  of 
science.  It  does  not  demand  expensive  additions  to  private  houses  nor 
the  prolonged  use  of  any  dmg  by  private  ])ersons.  It  benefits,  not  a few 
individuals,  Imt  the  whole  community.  It  tends  to  diminish  not  only 
malaria,  but  other  mosquito-borne  diseases,  and  not  only  disease,  but  a 
general  source  of  annoyance.  The  necessary  measures  are  (a)  permanent 
and  (i)  annual.  The  first  consist  of  permanent  works  of  drainage  or 
tilling  up  of  pools,  ponds,  and  marshes,  the  “training”  or  rectification  of 
water-courses,  the  margins  of  lakes,  and  so  on  ; the  second  re(piii-e  the 
constant  services  of  a sufficient  sanitary  staff'  for  preventing  the  formation 
of  small  pools  of  rain-water  and  the  accumulation  of  Avaterin  tubs,  drains, 
gutters,  and  broken  vessels  (1).  Such  measures  have  the  further 
advantage  of  improving  the  general  sanitary  condition  of  a town. 

In  comparing  the  merits  of  these  methods,  the  Health  Officer  must 
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first  consider  Avhich  is  likely  to  give  the  greatest  amount  of  improvement 
of  the  pul)lic  health  for  the  sum  of  money  at  his  disposal.  For  example, 
for  £1000  he  may  be  able  (1)  to  build  a “segregated”  bungalow  for  a 
single  European  family ; or  (2)  to  protect  fifty  houses  with  wire-gauze  at 
the  average  cost  of  £20  per  house  (the  gauze  lasts  oidy  for  a few  years) ; 
or  (3)  to  abolish  200  breeding-pools  at  the  average  cost  of  £5  each. 
The  balance  of  advantages  will  vary  with  local  conditions.  Generally,  for 
isolated  houses,  screening  is  called  for,  and  draining  will  cost  moi'e  than  it 
will  be  worth.  On  the  other  hand,  for  towns  draining  is  likely  to  benefit 
the  greatest  number  of  persons  for  the  least  expenditure.  For  troops 
and  officials  segregation  is  always  useful ; and  the  detection  and  treatment 
of  the  sick  must  be  urged  whatever  other  methods  are  employed,  because 
otherwise,  even  if  local  infection  be  absolutely  abolished,  a number  of 
relapses  will  occur  among  old  cases  for  years  to  come. 

The  policy  of  mosquito  reduction  is  essentially  that  of  drainage  against 
malaria,  which  has  been  known  since  the  time  of  the  Homans,  except  that 
we  now  recognise  with  greater  precision  which  kinds  of  waters  are 
dangerous,  namely,  those  which  contain  the  larvje.  Doul)t  is  often 
expressed  as  to  whether  local  suppression  of  breeding  will  suffice  to 
reduce  mosquitoes  l)ecause  of  their  possible  immigration  from  outside. 
Such  hypotheses  will  not  bear  scrutiny.  Mosquitoes  are  never  uniformly 
diffused,  but  abound  most  in  proximity  to  their  breeding-places.  Though 
a few  may  wander  for  considerable  distances,  the  vast  majority  remain 
close  to  where  they  Avere  born.  The  number  of  immigrants  into  an  area 
of  any  size  must  always  be  small  compared  Avith  the  number  of  natiA'es. 
To  suppose  that  the  moscpiito  population  Avill  remain  the  same  after  local 
suppression  of  In-eeding  is  equivalent  to  supposing  that  the  human 
pupnlation  of  Britain  Avould  not  be  affected  by  abolishing  the  birth-rate. 
Every  year  during  the  hot  Aveathei’  nature  tends  to  reduce  mosquitoes  bj' 
drying  up  the  breeding-pools.  Our  object  is  merely  to  imitate  nature  in 
' this  pi'ocedure.  Complete  suppression  of  mosquitoes  is  perhaps  ahvays 
impossible;  but  avc  may  estimate,  on  grounds  Avhich  cannot  be  discussed 
here,  that  a small  reduction  in  their  numbers  is  likely  to  jrroduce  after 

the  lapse  of  sufficient  time  a great  reduction  iti  the  local  amount  of 

malaria  (2). 

No  exact  method  for  enumerating  the  number  of  moseputoes  Avithin  a 
given  area  is  known.  Estimates  of  the  amount  of  malai'ia,  oi'  of  its 
ai  decrease  or  increase,  reepure  great  care  in  preparation.  Poisson’s  formula 
'•  should  be  used  before  generalising  on  ratios.  For  instance,  if  tAventA"-five 
ft  out  of  fifty  persons  are  found  to  be  infected,  the  general  ratio  of  infection 
(endemic  index)  is  not  fifty  per  cent,  as  many  miglit  a.ssert,  but  Avould  be 
Vi(  anything  betAveen  thirty  and  seA’enty  per  cent. 

During  the  last  seven  years  anti-malai-ia  campaigns  have  been 
•«'  conducted  Avith  encouraging  results  in  maTiy  parts  of  the  Avoi’ld.  Perhaps 

6 the  most  decisive  cases  are  those  of  Ismailia,  and  of  Klang  and  Port 

it  Swettenham  in  the  Federated  Malay  States.  ’I'he  fii'st  is  a toAvn  of  under 
>'l'  6000  inhabitants,  situated  close  to  the  Suez  Canal  and  controlled  by  the 
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Suez  Canal  Company — the  medical  department  of  which  has  kept  very 
exact  statistics  for  many  years.  The  number  of  cases  of  malaria  rose 
from  300  in  1877  to  2250  in  1900.  A campaign  of  drainage  and  treat- 
ment of  old  cases  was  commenced  in  1902,  with  the  following  results  : — 

Years  1900  1901  1902  1903  1904  190,5 

Cases  2250  1990  1548  214  90  37 

Nearly  all  the  cases  in  1904  and  all  of  them  in  1905  were  cases  of 
relapse  among  patients  previously  infected.  The  cost  appears  to  have 
been  about  £1000  a year  (3). 

Klang  and  Port  Swettenham  arc  neighbouring  settlements  wdth  a 
jiopulation  of  over  4000.  Anti-malaria  measures,  mostly  consisting  of 
drainage,  Avere  commenced  in  1901-2.  The  admissions  for  malarial  fever 
into  hospital  for  these  towns  Avere  as  folloAvs : — 

Years  1901  1902  1903  1904  1905 

Cases  510  199  69  32  23 

In  the  surrounding  district  the  disease  has  increased.  The  cost  avixs 
about  £10,000  for  permanent  Avorks,  and  about  £400  for  annual  upkeep, 
in  both  toAvns  combined.  For  them,  as  for  Ismailia,  the  medical  officei’s 
report  that  malaria  has  jjractically  disappeared  (4). 

The  Health  Officer  proposing  such  campaigns  must  expect  to  be  put 
to  considerable  trouble,  but  should  remember  that  the  Avork  is  part  of  his 
duties.  The  persistence  of  much  malaria  in  any  toAAui  can  only  be  looked 
upon  as  proof  of  sanitary  maladministration. 

For  British  readers  the  most  accessible  literature  on  the  subject  Avill 
be  found  in  numerous  articles  in  the  Briii'nJi  Mcdiaxl  Journal  and  the 
Journal  of  Trojncal  Medicine  from  1899  omvards. 

Ronald  Ross. 


REFERENCES 

1.  Ross,  R.  Mosquito  Brigades  aiul  how  to  organise  them.  G.  Pliilip  & Son,  32 
Fleet  Street,  London,  1902. — 2.  Idem.  “ Tlie  Logical  Basis  of  Jlosquito  Reduction,” 
Brit.  Med.  Journ.,  1905,  vol.  i.  ]i.  1025.  See  also  Nature,  June  15,  1905. — 3. 
PiiESS.vr,  A.  Le  Fuludisme  ct  les  Moustiques,  Masson  et  Cie.,  Paris,  1903.  See  also 
Brit.  Med.  Journ.,  1905,  vol.  ii.  p.  131G. — 4.  Tii.va'EUS,  E.  A.  C. , and  W.atson,  M. 
•lourn.  Trop.  Med.,  July  2,  1906. 


R.  R. 


DLACKWATER  FEVER 


2S9 


BLACK  WATER  FEVER 

By  J.  W.  W.  Stki’IIENs,  M.D. 

Synonyms. — HannogJoUmirk  fever,  Bilious  remittent  fever. 

Definition. — These  and  other  alternative  names  have  been  applied  to  a 
fever,  generally  believed  to  be  malarial  in  kind,  which  is  accompanied 
by  the  presence  of  blood-pigment  in  the  urine. 

Geographical  Distribution. — Its  exact  geographical  distribution  is 
hard  to  determine,  for  there  is  reason  to  believe  it  occurs  in  countries  and 
districts  in  which  it  is  not  generally  supposed  to  exist ; e.g.  it  occurs  in 
certain  districts  of  Madras,  as  reported  by  Dr.  Christophers  and  myself, 
where  previously  there  was  no  published  record  of  its  existence.  Broadly 
speaking,  it  is  a disease  of  tropical  or  subtropical  countries.  It  is  perhaps 
best  known  in  Africa,  though  even  here  we  are  not  in  a position  as  yet 
precisely  to  delimit  it.  It  occurs  certainly  all  along  the  coast  of  Africa, 
from  the  river  Senegal  to  probably  as  far  south  as  the  Orange  River,  for 
it  is  well  known  in  Damaraland.  On  the  east  coast  of  Africa  it  is  found 
from  British  East  Africa  to  as  far  south  as  Delagoa  Bay.  In  the  countries 
drained  by  the  Niger,  the  Congo,  and  the  Zambesi  it  exists.  Cases  have 
recently  been  reported  from  the  upper  reaches  of  the  Blue  and  White 
Nile.  It  exists  also  in  the  countries  bordering  the  coast  line,  such  as 
Senegambia,  Gambia,  Sierra  Leone,  Gold  Coast,  Lagos,  Cameroons, 
British  and  German  East  Africa,  and  Portuguese  East  Africa.  In  all 
these  districts  blackwater  fever  exists,  but  we  have  no  means  of  accurately 
estimating  its  frequency  in  these  regions,  and  any  comparisons  of  this 

Jsort  are  most  fallacious.  For  if,  as  is  admitted,  Europeans  are  chiefly 
attacked,  the  incidence  in  any  locality  will  depend  in  part  upon  the 
M extent  of  the  white  population,  and  no  data  exist  for  any  real  comparison  ; 

« we  shall  see  later  other  reasons  for  doubting  the  validity  of  such  corn- 

ill  parisons.  In  Algeria  the  brothers  Sergent  state  that  it  is  certainly  less 

^ rare  than  is  generally  believed.  They  record  31  ca.ses  with  22  deaths  in 

t:  2 years.  In  Egypt  itself,  so  far  as  our  knowledge  goes,  it  docs  not  exist. 

In  Madagascar  it  has  been  descril)ed  since  1851.  It  occurs  also  in 
V.  Mauritius  and  Bourbon ; with  regard  to  Zanzibar  no  statement  can 

11'  be  made.  How  far  south  in  Africa  it  extends  is  not  yet  known.  It 

il<  almost  certainly  does  not  occur  in  Cape  Colony. 

With  regard  to  the  countries  bordering  the  Mediterranean  liasin  Ave 
* have  no  very  precise  information,  but  Ave  know  of  its  existence  in 

ti  Palestine,  Greece,  Turkey,  Italy  (South),  Sicily,  and  Sardinia.  In  Russia 

I r it  has  been  described  at  Merv,  though  there  is  no  reason  to  suppose  that 
this  represents  its  real  distilbution.  Marchoux  states  that  it  exists 
tl  along  the  banks  of  the  Danube  and  in  the  Caucasus. 

VOL.  TI. — FT.  II  V ■ 


i 


290 


SYSTEM  OF  MEDICINE 


In  North  America  it  exists  in  the  following  states : Arkansas, 
^Mississippi,  Louisiana,  Tennessee  (?),  Texas,  Florida,  Georgia,  North 
Carolina,  Alabama,  South  Carolina,  Virginia.  In  Central  America:  in 
Nicaragua,  Costa  Kica,  Venezuela.  In  the  JFest  Indies:  in  Cuba, 
Martinique,  and  Guadeloupe,  in  French,  British,  and  Dutch  (?)  Guiana, 
in  British  Honduras.  It  occurs  also  in  the  Argentine  Kepublic  and 
Brazil,  but  precise  data  are  wanting  (it  is  rare,  for  instance,  at 
S.  Paulo  (Lutz)).  In  India : in  the  Duars  and  Tei'ai  (Bengal),  in 
Assam,  in  the  Jeypore  agency  (Madras),  in  Canara  district  (Bombay). 
Certainly  over  large  areas  of  India  it  is  absent  or  very  rare.  IMarchoux 
states  that  it  exists  in  Burma.  In  China  it  has  been  recorded  from 
Cochin  China  and  Tonkin.  It  occurs  in  Java,  especially  at  Tjilatjap, 
New  Guinea  (German) ; in  the  Federated  Malay  States  and  Strait  Settle- 
ments a few  cases  occur  annually.  In  Foi-mosa  it  is  not  uncommon 
(personal  communication),  but  it  does  not  occur  in  Japan  ; a single  case  has 
been  recorded  in  New  Hebrides.  Such  a list  in  skeleton  form  is  as  much 
as  we  can  give  at  present  j we  have  not  the  necessary  data  for  describing 
with  any  accuracy  or  completeness  its  geographical  distribution,  nor  can 
we  do  more  than  state  very  indefinitely  that  it  is  common  in  one  place, 
rare  in  another. 

Although  blackwater  fever  never  originates  in  non-malarial  countries, 
the  clinical  manifestations  of  the  infection,  as  of  other  forms  of  malaria, 
may  shew  themselves  in  non-malarial  countries,  and  sheAv  themselves 
there  perhaps  for  the  first  time.  Thus,  attacks  of  blackwater  fever  may 
occur  in  England  many  months  after  the  patient  has  left  Equatorial 
Africa,  and  may  even  prove  fatal.  It  would  seem,  however,  that  the 
liability  to  such  attacks  diminishes  with  lapse  of  time,  and  practically 
ceases  after  a jjrolonged  residence  in  this  country. 

Causation. — In  considering  the  vexed  question  of  the  etiology  of  this 
disease  it  will  be  well  to  exclude  h3q)otheses  rigidly,  and  to  ascertain  as 
far  as  possible  known  facts.  Further,  it  seems  to  me  of  great  importance, 
in  making  comparisons  between  the  prevalence  of  blackwater  fever  in 
various  countries,  to  be  certain  that  as  far  as  possible  similar  conditions 
are  being  compared.  Let  us  assume  for  the  moment  that  blackwater 
fever  is  malarial  in  origin.  How  then  is  it  possible  to  explain  its 
absence  in  Italy  as  a whole  and  its  occurrence  in  Sicily,  both  of  which 
are  malarial  countries?  Whatever  be  the  answer,  a closer  inspection  of 
this  objection  shews  that,  according  to  Celli,  malaria  in  Sicily  has  a 
mortality  of  7-8  per  10,000  ; while  over  large  tracts  of  Italy  it  does  not 
reach  1 per  10,000,  and  it  is  only  in  the  south,  where  the  value  is  9, 
that  we  again  find  blackwater  fever.  It  will  be  well  to  remember  that 
in  North  Italy  malaria  is  in  a sense  a mild  disease,  but  that  in  tropical 
Afi-ica  it  is  an  intensely  severe  disease.  Climate,  Avhatever  this  implies, 
totally  changes  the  aspect  of  malaria,  as  is  evident  to  everybody  who  has 
seen  patients  in  Africa  and  patients — possibly  the  same  ones — in  hospital 
in  England.  M e h.ave  to  take  account  of  another  difierence  which  makes 
comparisons  almost  impossible.  Assuming,  again,  that  the  disease  is 
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malarial,  then  we  have  to  consider  the  population  with  which  we  are 
dealing — tirst,  whether  we  are  referring  to  the  native  inhabitants  of  a 
country,  be  they  white  or  black,  or  to  immigrants,  previously  uninfected 
with  malaria,  into  a malarial  flistrict.  It  is  true,  for  example,  that 
among  adult  negroes  malaria  is  uncommon  or,  at  any  rate,  it  aflects  them 
in  a manner  (|uite  different  from  that  in  which  Europeans  are  affected. 
Adult  negroes  enjoy  an  undoubted  immunity,  while  to  the  European  in 
I Africa  malaria  is  a deadly  scourge.  It  is  evident,  therefore,  that  com- 
1 parisons  between  an  immigrant  and  resident  population,  or  European  and 
negro  population,  in  the  matter  of  malaria  is  impossible,  the  two  things 
differ  so  much.  Again,  Ave  have  to  consider  the  conditions  under  which 
the  population  lives.  Malaria  is  not  a disease  of  tOAvns,  and  thei'e  is 
hardly  more  malaria  in  Bombay,  Madras,  or  Calcutta  than  in  Kome.  It 
is  different,  however,  in  the  malarial  regions  of  the  tropics.  The  great 
majority  of  Europeans  live  under  conditions  of  continued  malarial  in- 
fection OAving  to  the  propinquity  of  native  dAvellings,  Avhich  SAvarm  Avith 
anophelines  infected  Avith  malaria  by  the  native  children.  There  is  not 
the  separate  cantonment  of  European  and  native  population  Avhich  is  so 
characteristic  a feature  of  Indian  settlements.  Consequently,  apart  from 
other  reasons,  it  is  uncommon — Avith  exceptions  to  be  mentioned  later — 
to  find  Europeans  in  India  so  “ saturated  ” Avith  malaria  as  is  unfortunately 
the  case  A\*ith  the  European  in  Africa,  especially  among  those  Avho  live 
under  Avhat  are  nothing  less  than  primitive  conditions  of  civilisation  and 
comfort.  There  are  additional  factors  Avhich  make  it  impossible  to  draAV 
scientific  comparisons  between  the  malaria  of  different  regions.  Among 
these  is  the  particular  variety  of  parasite  that  causes  the  infection.  In 
the  case  of  Europeans  in  India  the  fever  is  mainly  due  to  the  simple 
tertian  parasite ; in  West  Africa,  on  the  contrary,  it  is  exceptional  to  find 
an  infection  AA’ith  this  parasite,  the  predominating  species  being  the  malig- 
nant tertian.  M^e  Avould  finally  mention  the  possibility  that  an  infection 
■ transmitted  by  a certain  species  of  anopheline  may  be  more  scA^re  than 
one  transmitted  by  another  species,  but  of  this  Ave  have  no  evidence. 

Although,  then,  there  is  need  of  discrimination  in  the  use  of  such  a 
Avord  as  malaria,  Avhich  may  imply  diverse  conditions  in  diverse  places, 
Ave  may  noAv  turn  to  the  ([uestion,  MTiat  is  the  evidence  for  regarding 
!■  blackAA'ater  fever  as  malarial  ? and  indeed  this  is  the  sole  question  avc 
H have  to  determine,  for  no  other  opinion,  and  there  are  scA'eral,  has  any 
■ basis  of  fact  to  support  it.  For  example,  all  investigators  have  been 
W struck  Avith  the  apparent  similarity  of  this  disease  to  hiumoglobinuria 
B in  cattle,  the  jAarasite  of  Avhich  is  Avell  knoAvn ; but  all  the  evidence 
is  conclusive  that  such  a parasite  as  piroplasma  does  not  exist  in 
^ hlackAAvater  fever,  and  that  the  similarity  is  apparent  only.  The 
a|i  question  of  the  etiology  of  blaclvAvater  fever,  therefore,  resolves  itself 
jIi  into  this : either  it  is  malarial  in  oi'igin,  or  it  is  due  to  causes  about 
which,  up  to  the  present,  Ave  know  nothing. 

What  then  is  the  evidence  in  favour  of  the  malarial  origin  of  black- 
Avater  fever?  (1)  There  is  no  case  on  record  of  blackAvater  fever  having 
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attacked  a person  who  has  not  previously,  and  most  frequently  only  a 
short  time  previously,  suffered  from  malaria.  (2)  The  evidence  is  over- 
whelming— and  I know  of  no  competent  author  who  has  ever  denied  it 
— that  blackwater  fever  is  met  with  most  frequently  among  those  who 
have  suffered  for  longer  or  shorter  periods  from  repeated  attacks  of 
malaria.  (3)  In  conHrmation  of  this  is  the  evidence  furnished  by  the 
increased  susceptibility  to  attack  with  the  increased  duration  of  residence 
of  Europeans  in  tropical  regions.  Thus,  Berenger-Feraud  (2)  gives  the 
following  data  concerning  the  numbers  attacked  in  consecutive  years. 
First  year,  .5'4  per  cent;  second  year,  22'5  per  cent;  third  year,  42’5  per 
cent;  fourth  year,  20  per  cent;  fifth  year,  4 "8  per  cent.  Similar  figures 
have  been  compiled  by  other  observers.  The  facts  are  not  denied.  The 
interpretation  is  open  to  question,  but  it  is,  I think,  good  evidence  that 
blackwater  fever  is  not  a disease  due  to  a special  parasite,  protozoan  or 
bacterial,  otherwise  it  would  not  have  this  peculiar  time  distribution. 
The  fall  in  the  fourth  and  fifth  years  is  explicable  by  the  assumption 
that  those  who  survive  tropical  service  up  to  tliat  date  have  proved 
themselves  to  possess  resistance  to  malaria  to  which  others  have  earlier 
succumbed.  (4)  The  tropical  I'egions  of  Africa  are  admittedly  among  the 
most  malarial  in  the  world,  yet  death  from  malaria  simply  is  compara- 
tively uncommon,  death  from  blackwater  fever  very  common  (31). 
The  true  explanation  of  this,  I believe,  is  not  that  tropical  Africa  is  not 
intensely  malarial,  but  that  this  intensity  of  malaria  displays  itself  in  black- 
water fever.  Thus,  Doering  observed  129  cases  of  malaria  with  1 death, 
i.e.  a mortality  of  0‘77  per  cent,  and  40  cases  of  blackwater  fever  with  5 
deaths,  i.c.  a mortality  of  12 '.5  per  cent.  This,  which  is  below  the  average 
mortality  for  blackwater  fever,  is  .sixteen  times  as  great  as  that  of  malaria. 
(5)  If  blackwater  fever  be  malarial  in  nature,  then  those  who  escape 
malarial  attacks  by  any  means,  whether  by  efficient  use  of  mosquito-nets 
or  by  quinine  prophylaxis,  should  escape  blackwater  fever.  That  this  is 
so  the  following  data  shew  : — A.  Plehn  (24)  carried  out  in  the  Cameroons 
comparisons  between  those  who  regularly  took  quinine  and  those  who  did 
not.  During  the  period  1897-99  observations  were  made  on  two  series  of 
colonists.  The  figures  in  the  first  row  are  of  those  who  did  not  take 
quinine,  in  the  second  row  of  those  who  systematically  did  (7i  grains 
every  fifth  day) : — 


Attacks  of 
Malaria. 

Interval  between 
Attacks  in 
Jlonths. 

Blackwater 

Attacks. 

Interval  between 
the  Attack.s 
in  Months. 

Deaths  from 
Blackwater  Fever. 

287 

2 

31 

18-5 

10%  (about) 

90 

5 

6 

74-0 

0 



J 

The  evidence  hitherto  cited  is  of  a general  kind.  I believe  the  data  as 
given  above  to  be  correct;  the  inference  to  be  drawn  from  them  will, 
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however,  depend  on  personal  opinion.  To  niy  mind  they  are  evidence 
of  the  malarial  nature  of  blackwater  fever,  but  others  may  interpret 
them  ditierently.  One  of  the  commonest  objections  to  the  malarial  view 
of  blackwater  fever  is  that  the  distribution  of  malaria  and  blackwater  is 
not  the  same.  I have  already  pointed  out  the  vagueness  of  the  term 
malaria,  but  I think  the  following  statement,  viz.  “ that  the  distribution 
of  intense  malaria  and  blackwater  fever  corresponds  very  closely,”  is  not 
far  from  the  truth.  We  shall  next  consitler  evidence  of  a s])ccial  kind. 
(G)  It  has  been  urged  against  the  malarial  origin  of  blackwater  fever 
that  malarial  parasites  are  seldom  found,  and  that  when  present  their 
numl)er  bears  no  relation  to  the  severity  of  the  attack.  We  shall  sec 
later  that  this  statement  is  not  strictly  accurate,  but  for  the  present 
we  may  regard  it  as  in  the  main  true.  It  is  also  true,  hoAvever, 
that  it  is  possible  to  get  typical  attacks  of  malaria  in  which  it  is 
almost  impossible  to  detect  parasites.  The  most  frequent,  but  not 
the  onl}’  cause  of  such  a condition  is  the  previous  administration  of 
quinine.  In  such  cases  Dr.  Christophers  and  I have  shewn  that 
there  are  two  tests  by  which  a cpiite  recent  malarial  infection  can 
be  detected  : (a)  the  presence  of  pigmented  large  mononuclear 
leucocytes ; (b)  the  increase  in  the  percentage  of  large  mononuclear 
leucocytes — over  20  per  cent.  By  the  application  of  these  tests  to  a 
series  of  sixteen  cases  of  blackwater  fever  we  found  clear  evidence  of 
malaria  in  93  8 per  cent  of  cases,  while  parasites  were  found  only  in  12'5 
per  cent  of  cases.  In  a control  series  of  cases,  selected  from  those  con- 
stantly liable  to  malarial  infection,  the  evidence  of  such  infection,  based  on 
the  presence  of  pigment  or  parasites,  existed  in  less  than  10  per  cent 
f (and  some  of  these  had  high  temperatures  when  examined) ; while 

!|  including  even  those  who  had  oidy  a slight  increase  of  mononuclears  the 
! percentage  was  only  20  per  cent.  It  is,  therefore,  an  error  to  suppose 
■ that  any  series  of  persons  in  the  tropics  would  shew  similar  evidence  of 

11  malarial  infection  to  that  which  the  blackAvater  patients  shcAved.  Not  only 
is  this  not  so,  but  in  the  above  control  experiments  those  examined  Avere 
J not  an  average  healthy  community,  but  Avere  especially  selected  as  being 
1 1 liable  to  infection.  But  the  evidence  in  favour  of  the  malarial  origin  of 

!i  blackwater  fever  is  CAmn  stronger  than  this.  As  stated  above,  it  is  not 
I strictly  true  that  parasites  are  seldom  found  in  cases  of  blackAvater  fever. 

! (7)  Thus,  I tabulated  a series  of  ninety-fiA’e  ca.ses  (31)  in  Avhich  blood 

\ examinations  had  been  made  by  competent  observers  and  found  that  the 
I detection  of  parasites  depended  almost  entirely  upon  the  time  Avhen  the 
i4l  blood  examination  AA-as  made.  In  cases  Avhere  the  blood  Avas  ex- 
ifr  amined  on  the  day  before  the  onset  of  hfemoglolunuria,  parasites  Avere 
t|  found  in  95'G  per  cent  of  cases,  on  the  day  of  the  ha?moglobinui'ia  in  GD9 
t per  cent  of  cases,  on  the  day  after  the  hsemoglobinuria  in  17T  per  cent 
T\  of  cases.  The  conclusion  seems  inevitable  that  Ave  are  dealing  here  Avith 
cases  of  malaria.  A denial  of  this  Avould  seem  to  me  to  be  equivalent  to 
m denying  the  causal  significance  of  malarial  parasites  in  an  equivalent 
.U  number  (95 ’G  per  cent)  of  ordinary  malarial  cases.  We  do  not  assert 
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that  parasites  will  be  found  in  every  case  of  blackwater  fever,  for  there 
is  undoubtedly  a condition  of  malaria  in  which,  though  fever  persists  in 
spite  of  regular  doses  of  quinine,  yet  no  parasites  occur  in  the  peripheral 
blood.  Before  we  consider  why  parasites  are  found  only  in  a certain 
number  of  cases  of  blackwater  fever  when  examined  the  day  after  the 
onset,  it  will  be  neces,sary  to  discuss  another  factor  in  the  causation  of 
this  fever. 

Without  entering  into  the  history  of  this  part  of  the  subject  it  will 
be  sufficient  to  state  that  Tomaselli,  in  Sicily,  first  published  a series 
of  cases  of  hsemoglobinuria  in  which  he  considered  that  this  symptom  of 
the  fever  was  due  to  quinine,  and  indeed  that  these  cases  were  to  be 
regarded  as  cases  of  quinine  intoxication.  This  possibility  has  been 
vehemently  denied,  but  cases  are  now  on  record  in  which  the  facts 
admit  of  no  denial.  Patients  w^ho  have  themselves  known  that  quinine 
did  induce  in  them  the  passing  of  ha3moglobinuric  urine  have  voluntarily 
submitted  themselves  to  experiment,  and  it  has  been  conclusively  shewn 
that  in  such  cases  quinine  can  and  does  induce  hfemoglobinui'ia.  It  is, 
indeed,  a matter  of  common  experience  that  quinine,  as  a rule,  has  no 
such  action ; but  to  deny  the  possibility  of  its  provoking  hsemoglobinuria 
is  no  longer  justifiable,  for  such  cases  are  fortunately  on  record — having 
been  observed  in  hospital.  Such  cases  of  production  of  experimental 
hfemoglobinuria  by  quinine  are  within  the  knowledge  of  most  medical  men 
in  tropical  Africa.  It  may  be  regarded  as  established  that  quinine  can 
])i’oduce  hfemoglobinuria  ; what,  then,  is  its  relation  to  blackwmter  fever  ? 
It  may  be  stated  that  some  observers  consider  that  clinically  quinine 
hfemoglobinuria  can  be  distinguished  from  blackwater  fever,  and  base  the 
distinction  mainly  on  the  greater  severity  of  the  symptoms  in  the  latter, 
e.(j.  extreme  collapse,  stupor,  and  the  high  temperature  ; but  we  doubt 
whether  the  distinction  is  a real  one,  and  believe  that  all  stages  between 
the  mildest  attacks  and  the  severest  attacks  occur.  It  is  difficult  to 
])rove  the  opinion,  now  widely  held,  that  quinine  is  the  determining  cause 
in  the  onset  of  blackwfiter  fever  [for  litei’ature  vide  under  (31)],  but  the  most 
convincing  proof  is  the  observation  of  an  actual  case  when  in  a patient 
who  may  be  progressing  favourably  after  the  initial  attack,  suddenly 
hfemoglobinuria  again  supervenes,  the  only  changed  condition  having 
been  the  administration  of  quinine  a few  hours  previously.  That  quinine 
is  the  most  frequent  cause  of  blackwater  fever  in  those  suffering  from 
malfiria  is  the  opinion  of  many  who  have  studied  the  disease  carefully. 
There  are,  of  course,  nuuiy  obvious  objections  to  such  a view.  Thus  (1) 
quinine  produces,  we  will  suppose,  a blackwater  attack  on  one  day,  but 
there  is  no  certainty  that  it  will  do  so  on  the  following  day — indeed 
the  probability  is  in  the  other  direction  ; (2)  thousands  of  patients  are 
treated  daily  with  quinine,  but  no  blackwater  fever  arises  ; therefore,  it  is 
said,  it  is  absurd  to  assert  that  quinine  is  the  cause  of  blackwater  fever. 
Objections  of  this  kind  are,  I consider,  deprived  of  any  force  they  might 
possess  by  the  observation  already  mentioned,  that  quinine  has  been 
proved  experimentally  to  be  able  to  give  rise  to  hfemoglobinuria.  This 
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experience  outweighs  all  conjectural  arguments.^  There  are  undoubtedly 
cases  of  blackwater  fever  in  which  the  influence  of  quinine  as  the  exciting 
cause  can  be  excluded ; in  my  opinion  they  are  few  in  number,  and  they 
cannot  suffice  to  contradict  positive  experimental  evidence.  Not  to  prolong 
the  discussion  of  the  etiology  further,  we  may  sum  up  by  declaring  that 
we  believe  the  facts  to  be  as  above  stated ; the  interpretation  of  them  is  a 
matter  of  opiiiion.  I regard  the  condition  of  blood  necessary  for  the 
development  of  blackwater  fever,  i.e.  of  an  acute  haemolysis,  as  determined 
by  exposure  to  malarial  attacks  of  a greater  or  less  frequency  ; that 
in  the  majority  of  cases,  if  not  in  all,  the  initial  attack  is  associated  with 
the  definite  occurrence  of  parasites  in  the  blood,  and  that  under  such 
conditions  quinine,  not  necessarily  in  large  doses,  is  able  to  induce  an 
acute  destruction  of  blood-cells.  This  factor,  viz.  the  quinine,  and  no 
doubt  to  a great  extent  also  the  hremolysis  itself,  is  the  reason  why 
parasites  disappear  so  rapidly  during  an  attack ; so  that  commonlj^  on 
the  day  subsequent  to  the  attack  none  can  be  found.  While  then  in  the 
main  the  broad  etiological  factors  of  blackwater  fever  are,  I believe, 
settled,  yet  it  must  be  freely  admitted  that  with  regard  to  more  exact 
pathological  details  we  are  still  in  the  dark.  It  is  possible,  for  example, 
that  the  haemolysis  takes  place  largely  in  the  kidneys — that,  as  Plehn  (24), 
for  instance,  holds,  a kidney  lesion  is  also  one  of  the  essential  factors. 

In  this  connexion  attention  should  be  called  to  Marchoux’s  important 
observation,  that  during  the  haemoglobinuria  quinine  cannot  be  detected 
in  the  urine,  but  that  on  the  cessation  of  ha;moglobinuria  it  reappears. 
The  obvious  explanation  may,  of  course,  not  be  the  true  one.  Bearing 
on  the  action  of  quinine  the  observation  of  Poch  is  also  of  consider- 
able importance  : In  a patient  who  some  time  previously  had  had  an 
attiick  of  blackwater  fever,  the  red  cells  had  reached  a value  of  6,000,000. 
On  administering  15  grains  of  quinine  a diminution  of  340,000  occurred 
Avithout  any  other  symptoms.  There  are  also  observations  on  record  in 
Avhich  qi;inine  has  been  administered  on  several  occasions  Avith  the 
production  of  ha?moglobinuria,  Avhile  on  a subsequent  occasion  albuminuria 
and  a high-coloured  urine  have  resulted. 

The  etiology  of  blackAA'ater  fever  may  be  summed  up  by  saying  that 
it  is  malarial  in  nature,  i.e.  it  can  ordy  occur  in  those  Avho  are  cither 
suffering  from,  or  have  quite  recently  l)ecome  infected  Avith,  malaria,  and 
that  the  onset  of  the  disease  is  induced  most  commonly,  though  not 
invariably,  by  quinine. 

Morbid  Anatomy. — The  folloAving  changes  observed  in  a typical 
case  of  blackAvater  fcA^er  may  be  taken  as  representing  those  usually 
found. 

Spleen. — Malarial  pigment  occurred  in  the  cells  of  the  splenic  re- 
ticAilum,  and  also  in  macrophages  and  in  large  mononuclear  leucocytes. 
Besides  the  melanin  a varying  amount  of  yellow  pigment  (hnemosiderin) 

* Tliose  who  have  so  long  oppose*!  the  vieAv  that  quinine  is  the  cause  of  blackwater  fever 
now  advance  the  hypothesis  that  quinine  is  simply  the  immediate  determining  factor  in 
bringing  some  unknown  parasite  into  action. 
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occurs.  Parasites  are  generally  absent,  though  they  may  be  found  here 
when  absent  in  the  blood  during  life. 

J_,ueA\ — ((f)  Small  necrotic  foci,  situated  laterally  to  the  intralobular 
vein.  These  areas  consist  of  necrotic  liver-tissue.  Q))  Small  thrombi  in 
the  sublobular  veins.  The  thrombi  contain  a few  pigmented  cells,  (c) 
Pigment  (melanin)  in  the  endothelium  in  spherical  clusters,  hnemosiderin 
in  the  liver-cells,  and  pigmented  leucocytes  in  the  vessels. 

Kidneijs. — There  is  no  indication  of  any  acute  inflammatory  process, 
but  the  epithelium  of  the  convoluted  tubules  shews  much  degeneration, 
and  the  lumen  is  filled  with  a granular  mass ; the  straight  and  collecting 
tnbules  are  also  filled  with  shed  epithelium  and  masses  of  granules.  No 
melanin  occurred  in  the  kidneys. 

Pied  Marrou\ — Melanin  occurs  in  the  capillary  endothelium,  in  large 
branched  cells,  and  in  leucocytes. 

Brain.— In  some  instances  sporulating  parasites  have  been  found 
here,  though  there  was  little  evidence  of  malarial  infection  elsewhere. 
Frequently,  however,  no  pigment  can  be  found  here. 

S3'’mptoms. — A characteristic  attack  of  hEemoglobimu’ic  fever  is  usually 
ushered  in  by  an  initial  stage  of  shivering,  which  may  increase  into  a 
series  of  severe  rigors  lasting  for  some  hours.  There  is  a sense  of  numb- 
ness in  the  extremities,  intense  pain  in  the  loins,  and  general  malaise. 

The  temperature  rapidly  rises  to  103°  F.  or  thereabouts,  mounting 
at  a later  period  to  105°  F.,  or  even  higher;  and  dark-coloured  urine  is 
sooner  or  later  passed  from  the  bladder.  Frequent  retching,  attended 
ill  nearly  all  severe  cases  with  bilious  vomiting,  is  a distressing  symptom 
which  is  apt  to  exhaust  the  patient — this  persistent  vomiting  of  green 
bile  being  almost  invariably  present  in  cases  tending  to  a fatal  termina- 
tion. Tympanites  is  a common  and  distressing  symptom.  At  an  early 
stage  a more  or  less  intense  jaundice  becomes  rapidly  established,  the 
conjunctivfe  and  the  skin  over  the  entire  surface  of  the  body  becoming  of 
a bright  yellow  colour.  The  considerable  pain  over  the  region  of  the 
kidneys,  which  not  unfrequently  gives  rise  to  much  complaint,  may  be 
due  to  some  congestion  of  those  organs ; and  actual  nephritis  is 
occasionally  set  up  as  the  result  of  the  great  elimination  of  haemoglobin, 
but  is  not  usually  found  after  death.  Frequently  also  there  is  much 
pain  in  the  region  of  the  liver  and  spleen,  and  these  organs  are  enlarged. 
The  ])it  of  the  stomach  may  also  be  sensitive  to  pressure. 

The  fever,  which  becomes  somewhat  marked  at  the  very  beginning 
of  the  paroxysm,  may  be  remittent  or  almost  continuous  in  course. 
Usually,  however,  after  a longer  or  shorter  interval  the  temperature 
drops  somewhat,  and  the  patient  falls  into  a profuse  perspiration.  If  so, 
all  the  various  painful  symptoms  tend  to  abate  ; but  an  intense  feeling 
of  weakness  remains.  Coincidently  with  the  subsidence  of  the  fever 
the  urine  loses  its  dark  colour,  reverting  after  a time  to  its  normal 
condition.  The  paroxysm  may  noAv  cease  as  suddenly  as  it  began,  but  the 
temperature  may  rise  again  ; rigors  and  pains  in  the  loins  and  over  the 
liver  return,  while  the  urine  once  more  becomes  red  or  almost  black. 


BLACKIVATER  FEVER 


297 


III  the  severer  class  of  cases  the  symptoms  persist  without  any  apparent 
intermission,  the  urine  becomes  more  and  more  scanty,  and  eventually 
mav  be  entirely  suppressed ; in  these  circumstances  a fatal  termination 
I usuall}’  follows  after  no  long  interval.  Death  may  be  ushered  in  with  a 
convulsion,  or  it  may  result  from  syncope  or  collapse,  or  again  death 
may  j-esult  from  hyperpyrexia. 

The  course  of  events  is  not,  however,  always  like  that  depicted.  Not 
uncommonly  the  patient  does  not  know  that  he  is  ill  until  he  passes 
“ blackwater.”  He  may,  perhaps,  have  had  some  slight  febrile  I'ise  which 
is  often  quite  neglected,  the  icterus  may  be  hardly  appreciable,  and  it  is 
only  the  dread  of  “ blackwater  ” that  induces  the  patient  to  take  to  his 
bed.  Between  the  mildest  attack  of  this  sort  and  the  severe  and 
frequently  fatal  attack  depicted  above  we  may  have  all  gradations. 
The  more  severe  forms  may  be  accompanied  by  bloody  diarrhcea. 
Hiccup  is  often  a distressing  feature,  and  in  cases  that  shew  a dimin- 
ished urinary  excretion  is  of  unfavourable  import.  Somnolence  in  severe 
cases  is  likewise  unfavourable.  Vomiting,  when  persistent,  may  lead  to 
a distressing  state  of  exhaustion  of  the  patient,  terminated  only  by  death, 
on  the  other  hand  it  may  be  almost  entirely  absent  or  oidy  slight. 
jMarked  enlargement  of  the  submaxillary  glands  is  a somewhat  rare 
complication.  Pain  in  micturition  is  not  uncommon. 

On  the  day’  after  the  paroxysm  the  temperature  may^  fall  to  normal, 
accompanied  by’  profuse  sweating.  The  patient,  who  at  first  was  in  a 
state  of  stupor,  now  regains  his  senses  and  experiences  a sense  of  comfort. 
Sleep  may  ensue,  and  the  patient  may  make  a good  recovery’.  Should  a 
relapse  ensue  the  syunptoms  are  repeated,  sometimes  with  greater,  some- 
times with  less  intensity’ ; in  the  former  case  the  pulse  becomes  feeble, 
the  temperature  is  generally  raised,  weakness  increases,  there  is  mental 
cloudiness,  icterus  becomes  intense,  fieces  and  urine  are  passed  involun- 
tarily, hiccup  is  constant,  and  death  soon  occurs.  In  milder  cases 
vomiting,  want  of  sleep,  restlessness,  may  for  a time  make  the  issue 
doubtfid,  but  the  symptoms  gradually  subside,  the  urine  clears,  the 
patient  gradually  gains  strength,  takes  a little  solid  food,  then  gets  up 
from  bed,  and  eventually  recovers. 

T\\q' blood  shews  but  little  evidence  of  the  intense  ha3molysis  that  may 
have  occurred.  A careful  examination  would  not  enalile  one  to  say  more 

!than  that  the  corpuscles  displayed  some  amount  of  amemia.  To  the 
naked  eye  the  blood  is  “ thin  ” in  appearance,  and  has  lost  its  stickiness,  so 
that  in  making  a film  the  blood  adheres  to  tlie  slide  with  some  difficulty. 
Often,  too,  the  serum  can  be  seen  to  be  deeply  yellow,  an  appearance  more 
readily’  appreciated  by  allowing  a drop  to  coagulate  in  a capillary  pipette. 
Not  unfrequently’  the  serum  shews  no  trace  of  hicmoglobin,  although  the 
»i'  ha'raoglobinuria  may  be  actually  increasing.  Hnemoglobinaimia  does, 
>4'  however,  occur. 

In  stained  preparations  normoblasts  may  occur,  and  especially  some 
wi  time  after  an  attack,  polychromasia  of  the  red  cell  and  basophil 
tt  punctation.  Both  these  appearances  have  been  considered  to  be  of 
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some  diagnostic  importance,  and  if  well  - marked,  to  make  a further 
administration  of  quinine  dangei’ous.  This  point,  however,  requires 
further  examination. 

Parasites. — ^Ve  have  already  dealt  with  this  question.  As  a rule  the 
observer  will  be  struck  with  the  negative  results  of  his  examinations,  but 
provided  the  blood  examination  is  made  early  enough  (before  the  attack !) 
parasites  will  nearly  always  be  found. 

Pigmented  Leucocytes. — Those  who  have  made  many  thousands  of 
blood  examinations  in  malaria  know  how  often  it  is  difficult  to  find  these 
except  by  long  search.  In  blackwater  fever  search  through  a couple  of 
well-made  films  will  nearly  ahvays  reveal  a pigmented  mononuclear 
leucocyte  ; occasionally,  indeed,  as  in  malaria,  they  are  abundant.  hen 
absent  in  the  blood  they  may  be  found  in  abundance  in  the  spleen  (post- 
mortem). 

Leucocyte  Changes. — Frequently  there  is,  as  in  malaria,  an  intense 
leucocytosis  accompanying  the  rigor.  Later,  especially  when  the  tempera- 
ture falls,  there  is  leucopenia  and  an  increased  percentage  of  large 
mononuclear  leucocytes.  The  importance  of  this  change,  coupled  with 
the  presence  of  pigmented  leucocytes,  has  already  been  discussed. 
During  the  leucocytosis  this  change  may  be  masked  by  the  increase  of 
polymorphonuclear  leucocytes  to  as  much  as  90  per  cent. 

The  urine  is  often  faintly  alkaline  in  reaction  and  of  a specific  gravity 
below  the  normal.  In  colour,  that  which  is  first  pas.sed  during  a paroxysm 
is  of  a deep  reddish  or  blackish -red  tint,  the  amount  of  the  contained 
pigment  being  large ; Avhile  when  the  attack  is  less  severe,  or  is  passing 
off,  it  may  exhibit  all  variations  of  hue  between  that  of  port  wine  and  of 
dark  sherry.  The  total  amount  of  urine  passed  is  frequently  increased, 
and  micturition  may  be  frequent ; on  the  other  hand  diminution  may 
occur,  and  this  may  progress  towards  practically  complete  anuria.  The 
amount  of  albumin  in  dark  urines  may  be  so  great  that  on  boiling  the 
contents  of  the  test-tube  set  solid.  Exact  analyses  of  the  proteid 
constituents — certainly  to  a great  extent  globulin — are  still  wanting. 
A urine  that  looks  dark  may  often  be  cleared  by  centrifugalisation, 
when  a spectroscopic  examination  may  shew  that  no  haemoglobin  is 
present.  The  sediment  in  these  cases  consists  of  a granular  yellowish 
material  varying  in  size  from  1 /x  to  7 /x,  which  is  supposed  to  be  altered 
blood,  and,  indeed,  this  sediment  is  a characteristic  feature  of  the  urine 
in  all  severe  cases.  In  this  sediment  may  be  found  a few  minute  reddish 
crystals  (1  bilirubin). 

Red  blood -corpuscles  are  for  the  most  part  conspicuous  by  their 
al)sence.  In  certain  instances,  however,  the  haemoglobinuria  is  accom- 
panied l)y  a true  luematuria. 

In  the  urine  spectroscopically  examined  in  a thin  layei’,  or  diluted  to 
tlie  requisite  degree,  the  absorption-bands  characteristic  of  haemoglobin 
present  themselves.  Very  frequently  tlie  presence  of  a third  band, 
situated  between  the  C and  I)  lines,  affords  evidence  of  the  conversion  of 
the  pigment  into  methtemoglobin,  and  it  remains  to  be  seen  whether  both 
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h.Tmoglobin  and  methnemoglobin  are  present  together.  Almost  invarial)ly 
urobilin  is  present  in  the  urine.  For  its  detection  it  is  best  first  to  pre- 
cipitate the  hremoglobin-pigments,  but  this  is  not  always  necessary.  Bile- 
pigment  in  the  urine  is  very  uncommon.  In  certa.in  cases,  however, 
bile-pigments  may  appear  in  the  urine  with  the  onset  of  the  usual 
symptoms,  while  haemoglobin  is  still  absent,  and  it  is  only  later  that 
there  is  true  haemoglobinuria. 

Diagnosis.  — Probably  the  only  disease  for  which  haemoglobinuric 
fever  is  likely  to  bo  mistaken  is  yellow  fever.  The  invasion  of  both  dis- 
eases is  marked  by  somewhat  similar  symptoms ; but,  after  the  first  few 
hours  at  any  rate,  no  great  difficulty  is  likely  to  be  found  in  diagnosing 
the  true  nature  of  the  illness. 

The  history  of  the  case  will  be  of  great  assistance.  Almost  invariably, 
if  careful  interrogation  be  made,  there  will  be  a history  of  repeated  attacks 
of  fever  and  an  attempt  to  check  these  by  c|uinine.  The  enlargement  of 
the  spleen  points  to  present  or  past  malarial  infection.  The  character  of 
the  vomit  is  quite  different  in  the  two  afteetions.  In  blackwater  fever  in 
severe  cases  pure  green  bile  is  vomited.  In  yellow  fever  the  vomit  is 
dark  brown  or  black.  The  urine,  however,  affords  the  most  convincing 
distinction.  In  blackwater  fever  the  haemoglobinuria  varies  from  a light 
red  to  an  almost  black  colour,  and  it  is  oidy  rarely  that  red  cells  are  found 
microscopically.  In  yellow  fever  there  may,  on  the  contrary,  be  a true 
haematuria,  but  this  is  rare.  The  colour  of  the  jaundice  in  the  two 
diseases  is  also  diflerent,  in  yellow  fever  it  is  of  a box-wood  colour,  while 
in  blackwater  fever  it  is  citron-yellow  {vide  p.  340). 

Pathologically  the  points  of  difference  between  these  two  diseases  are 
even  more  marked ; after  death  from  haemoglobinuric  fever  the  stomach 
shews  no  special  alteration,  except  that  its  internal  surface  may  appear 
pale  and  anaemic ; but  in  yellow  fever  the  mucous  membrane  is  for  the 
most  part  soft  and  intensely  injected,  and  the  cavity  of  the  organ  irsually 
contains  blackened  and  disintegrated  blood.  The  skin  is  of  a variable 
yellow  colour,  and  violet  or  dark-red  patches  occur  in  parts.  Small 
haemorrhages  are  also  found.  These  are  especially  noticeable  internally 
on  the  serous  membranes  and  mucosae,  and  also  occur  on  the  membranes 
of  the  brain.  In  yellow  fever  the  spleen  is  soft,  but  not  eidarged  ; the 
liver  is  more  or  less  fatty  and  yellow  in  colour,  and  contains  very  little 
blood.  In  haemoglobinuric  fever,  on  the  other  hand,  enlargement  of  the 
spleen  is  often  marked,  and  the  liver  is  hyperaemic  and  contains  hamio- 
siderin  and  often  melanin.  The  possibility  of  confusion  with  acute 
3'ellow  atrophy  of  the  liver  and  phosphorus  and  other  forms  of  poisoning 
should  be  borne  in  mind. 

Treatment. — If  the  view  that  we  have  here  put  forward,  viz.  the 
causal  influence  of  malarial  infection  followed  b}”  the  administration  of 
quinine,  be  true,  then  the  difficult  question  arises  as  to  the  justification  of 
administering  cpiinine  even  if  parasites  be  found.  There  can  be  little 
doubt,  I think,  that  on  the  whole  practical  experience  is  against  the 
administration  of  quinine,  whatever  be  our  view  as  to  the  nature  of  the 
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disease.  Certainly  a physician  ■\vonld  do  well  by  microscopic  examination 
to  ascei'tain  what  actually  is  the  condition  of  the  blood,  and  to  refrain 
from  quinine  unless  the  parasite  infection  be  a massive  one.  If  it  be 
true  that  the  patient  is  infected  with  malaria,  then,  in  order  to  combat 
this,  quinine  should  be  commenced  during  convalescence  in  small  doses,  1 
or  2 grains  at  a time,  and  the  effect  carefully  watched.  If  well  borne,  and 
the  fever  does  not  threaten  severely,  this  may  be  continued  daily  for  some 
weeks,  and  eventually  5-  and  10-grain  doses  given,  and  if  no  untowai’d 
accident  occur  this  must  be  persisted  in  for  months  or  a year,  in  order 
that  the  system  may  be  entirely  freed  from  the  malarial  infection.  The 
l)Owels  must  be  freely  opened  by  drugs — of  which  calomel  and  jalap, 
either  separately  or  combined,  are  the  most  generally  iiseful — aided  by 
enemas  ; and  if  severe  vomiting  be  present  treatment  must  be  especially 
directed  to  this  symptom.  If  ice  can  be  obtained  the  patient  should  be 
allowed  to  suck  it  continually ; and  small  doses  of  brandy  or  champagne 
will  probably  be  retained  even  when  nothing  more  nutritious  can  be  given 
l)y  the  mouth.  Hearsey  records  twenty-one  consecutive  cases  without  a 
death  treated  by  a mixture  containing  bicarbonate  of  soda  (10  grains) 
and  perchloride  of  mercury  (iipxxx.)  in  each  dose.  This  is  given  every 
two  hours  on  the  first  day.  Vomiting  he  controls  bj^  ^ grain  of 
morphine  hypodermically.  Acid  drinks  are  prohibited.  Doering  has 
had  good  results  in  the  alleviation  of  vomiting  b}'^  the  use  of  Karlsbad 
salts  (a  teaspoonfi;!)  in  water,  repeating  the  dose  if  vomited.  He  attri- 
butes the  good  results  to  the  relaxation  of  the  bowels.  Boracic  acid  is 
used  by  others,  but  beyond  the  symptomatic  treatment  there  is  no  drug 
that  can  be  said  to  possess  .specific  value. 

In  severe  cases  it  will  be  necessary  to  resort  to  nutrient  enemas,  and, 
if  the  temperature  should  fall  beloAv  normal,  hot-water  bottles  should  be 
placed  in  the  bed.  Resort  may  also  be  had  to  intravenous  injections  of 
normal  saline  solution,  Avhich  can  be  made  by  dissolving  a dram  of  common 
salt  in  a pint  of  water,  boiling  the  mixti;re  to  sterilise  it,  and  then  allow- 
ing it  to  cool  to  a temperature  of  105°  F.  prior  to  use  : experience 
has  shewn  that  better  results  may  be  thus  obtained  than  if  a lower 
temperature  be  employed. 

FropJu/hixis. — If  the  view  we  have  taken  of  the  malarial  nature  of 
blackwater  fever  be  correct,  it  follows  that  a person  who  has  never  suffered 
from  malaria  will  never  suffer  from  blackwater  fever.  The  prophylaxis 
of  blackwater  fever,  we  believe,  is  identical  with  that  of  malaria.  It  is 
possible  for  every  one  who  will  exercise  the  necessary  intelligence  and 
care  to  escape  malaria  completely.  There  are  many,  however,  who  will 
not  be  at  the  trouble  of  protecting  themselves  by  the  proper  use  of  a 
mosquito-net  and  simple  precautions  in  regard  to  clothing.  The  oidy 
alternative  for  such  persons  is  to  submit  to  a stringent  c[uinine  pro- 
phylaxis. This  may  be  carried  out  in  several  ways ; among  the  best  is 
a dose  of  15  (or  10)  grains  of  quinine  every  ninth  and  tenth  days. 
If  a person  is  already  suffering  from  malaria  the  physician  should  on  no 
account  rest  satisfied  until,  by  prolonged  and  adequate  treatment  with 
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quinine,  the  infection  has  been  entirely  eradicated.  The  condition  of 
“ small  fevers,”  more  or  less  continuous,  with  inadequate  quinine  adminis- 
tration is,  I consider,  especially  dangerous,  and  it  is  this  condition  that 
the  physician  should  do  his  utmost  to  combat  l>y  adequate  doses  of 
quinine.  In  such  a method  of  pro])hylaxis  there  is  no  danger  of  ha-mo- 
globinuria,  it  is  the  combination  of  inadequate  amounts  of  quinine  and 
a continuance  of  slight  fevers  from  time  to  time  that  seems  especially  to 
favour  the  onset  of  blackwater  fever. 
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Definition, — A specific  fever  caused  by  the  presence  in  the  blood  of  a 
spirochreta,  and  characterised  by  one  or  more  felirile  attacks  of  varying 
duration.  The  spiroclueta  is  conveyed  by  the  bite  of  a tick,  the 
Oniithodoroa  irmtbala  Murray  (vide  p.  194).  The  disease  may  also  lie 
conveved  bv  inoculation  with  infected  blood. 
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Etiolog-y. — Tick  fever  Avas  first  described  by  Dr.  Livingstone  as 
occurring  in  the  basin  of  the  Zambesi.  More  recently  a disease 
attributed  to  the  bite  of  an  ornithodoros  has  been  noticed  in  Uganda, 
in  Uerman  East  Africa,  in  Central  Africa,  and  in  the  Congo  Free  State. 
The  disease  probably  passed  under  dift'erent  names  in  the  various 
countries,  but  it  was  always  attributed  to  the  bite  of  a tick  Avhich 
infested  old  camping  - grounds  along  the  cai*avan  routes.  In  1903 
Marchoux  and  Salimbeni  described  the  spirillosis  of  fowls,  common  in 
Rio  de  Janeiro,  and  sheAved  not  only  that  the  disease  AA^as  due  to  the 
presence  of  a spirocha3ta  in  the  blood,  but  also  that  the  spirocha?ta  Avas 
conveyed  by  a tick  {Ar(/as  miniatus),  and  that  this  tick,  after  biting  an 
infected  foAvl,  remained  infective  for  as  long  as  five  months.  FolloAving 
this  Avork  Avith  the  spirillosis  of  foAvls,  P.  H.  Ross  and  A.  D.  INIilne  in 
Uganda,  in  a series  of  cases  of  feAmr,  ascribed  by  the  patients  to  the 
bite  of  a tick  {Ornithodoros  moubata),  demonstrated  the  presence  of  a 
spirochcTeta  in  every  case.  Drs.  Dutton  and  Todd  in  the  Congo  then 
sheAved  by  experiment  that  the  spirochsetae  Avere  conveyed  to  a healthy 
subject  by  the  bite  of  an  ornithodoros  Avhich  had  fed  on  a patient  suffer- 
ing from  tick  fever,  and  that  the  larvae,  hatched  out  from  eggs  laid  by  an 
infected  tick,  could  convey  the  infection  at  their  first  feed.  Borrel  and 
Marchoux,  Avorking  Avith  the  spirillosis  of  foAvls,  sheAved  that  the 
spirochaetae  actually  developed  in  the  interior  of  the  argas,  but  that  the 
development,  Avhich  took  place  readily  at  35°  C.,  did  not  do  so  at  18°-20°  C. 
Theiler,  in  South  Africa,  in  the  case  of  spirillosis  of  cattle,  conveyed  by 
the  Rhipicephalus  decoloratus,  has  sheAvn  that  there  is  hereditary  trans- 
mission of  infection  from  parent  tick  to  offspring  through  the  egg. 

It  seems,  then,  that  in  tick  fever  the  tick  may  be  infected  in  tAvo 
Avays.  It  may  either  have  fed  on  a person  sufiering  from  the  disease  or 
it  may  be  the  offspring  of  an  infected  tick.  For  the  develo])ment  of  the 
infection  in  the  tick,  from  the  analogy  of  the  parasite  of  foAvls,  a high 
and  fairly  eqixable  temperature  is  probably  required.  In  support  of  this 
it  may  be  stated  that  in  the  high  lands  of  East  Africa,  Avhei’e  the  nights 
are  cold,  infection-experiments  Avith  ticks  brought  fi-om  Uganda  have 
always  failed,  although  these  ticks  Avere  fed  in  East  Africa  on  animals 
Avhose  blood  AA^as  sAvarming  Avith  spii-ochscta?. 

Geographical  Distribution. — The  disease  has  noAV  been  recognised  by 
the  identification  of  the  tick  and  the  finding  of  the  parasite  in  Uganda, 
the  Congo  Free  State,  in  Angola,  and  in  German  East  Africa.  In  the 
latter  country,  the  disease  occurs  not  only  round  Lake  Victoria  in  the 
regions  adjoining  Uganda,  but  also  on  the  coast  line  at  Dar-es-Salaam. 
Mesnil  states  that  the  disease  in  the  Zambesi  basin  has  also  been 
identified  as  due  to  the  same  parasite.  In  the  high  lands  of  British  East 
Africa,  although  for  many  years  in  communication  Avith  Uganda  by 
caravan,  the  disease  has  not  been  found  except  in  imported  cases.  In  i 
the  light  of  the  Avork  of  Borrel  and  ]\Iarchoux  it  seems  probable  that  the 
ilisease  Avill  be  found  to  be  practically  confined  to  hot  and  moist  areas. 

Drs.  Dutton  and  Todd  are  of  opinion  that  the  spirochmta  of  tick  fever- 
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is  the  & obermeieri,  and  that  the  disease  is  therefore  the  same  as  tlie 
relapsing  fever  of  Europe.  It  is  too  early  yet  for  the  question  to  be 
settled.  Ill  favour  of  this  view  is  the  somewhat  similar  course  of  the 
disease  in  Europeans.  But,  on  the  other  hand,  the  expeilmcnts  of 
Soudakewitsch  and  of  jMajor  Lamb  with  moidveys  (Cercocehas  fulujimmis 
and  Macacus  radiatns)  shewed  that  the  inoculation  of  these  animals  Avith 
blood  from  a case  of  relapsing  fever  only  produces  one  paroxysm  of 
fever,  Avhereas  two  species  of  cercopithecus  and  a cynocepludus,  when 
inoculated  from  a tick  fever  patient,  suffer  from  numerous  relapses.  (For 
description  of  Spirochaeta  see  p.  46.) 

Dr.  Xuttall  some  years  ago  suggested  that  relapsing  fever  Avas  con- 
veyed by  bed-bugs,  and  Schaudinn  has  lately  found  that  the  S.  obermeieri 
does  undergo  development  in  the  cimex. 

Post-Moptem  Appearances. — There  is  nothing  distinctive  to  be  seen 
post-mortem.  There  may  be  slight  SAvelling  of  the  liver  and  spleen,  and 
a feAv  petechise  in  the  lung.  Smears  made  from  lung  and  liver  sheAv 
large  numbers  of  spiroclnetaj. 

The  Incubation-pepiod  is  probably  from  three  to  eight  days.  The 
period  A'aries  betAveen  these  limits  Avhen  the  disease  is  inoculated  into  a 
monkey.  Natives  sometimes  give  the  period  as  one  day  ; but  the  tick  is 
a night-biter,  living  by  day  in  the  thatch  and  cracks  in  old  huts  and 
coming  out  at  night  for  food.  Such  a short  period  as  one  day  is 
probably  only  the  interval  since  the  patient  last  noticed  that  he  had  been 
bitten.  The  bite  of  the  tick  has  varying  local  effects  ; on  some  people  it 
leaves  little  or  no  mark,  on  others  it  may  raise  a red  lump  the  size  of  a 
bean. 

Symptoms. — The  disease  runs  a different  course  in  the  European  and 
the  native,  and  as  the  symptoms  vary  accordingly,  it  Avould  seem  bettei- 
to  describe  each  separately. 

In  the  native  the  chief  symptoms  are  feA^er  (103°-105°  F.),  headache, 
pains  in  the  trunk  or  limbs,  and  sometimes,  but  not  ahA^ays,  vomiting. 
There  may  also  be  diarrhoea  and  cough,  Imt  these  latter  .symptoms  arc 
less  constant  than  those  before  mentioned.  The  skin  is  hot  and  dry,  the 
conjunctiA’se  are  suffused,  the  tongue  furred,  and  the  respiration  and 
pulse  rates  are  both  quickened.  In  some  cases  there  is  tenderness  on 
pressure  over  the  spleen,  but  neither  the  liver  nor  spleen  are  enlarged 
unless  by  some  previous  cause  such  as  malaria.  The  temperature  remains 
high  for  from  tAventy-four  to  forty-eight  hours  Avith  a slight  moiiiing 
remission.  It  then  falls  bv  crisis  and  either  remains  Tiormal  or  sub- 

f/ 

normal,  or  may  sheAv  a slight  rise  on  the  folloAving  day.  The  symptoms 
disappear  Avith  the  crisis,  and  the  patient  rapidly  recoA-ers.  Belapses 
are  very  rare  in  the  native.  When  they  do  occur,  after  an  apyrexial 
interval  of  from  one  or  two  days  to  a Aveek,  the  tcmpei'ature  rises  and 
there  is  a recrudescence  of  all  the  symptoms.  The  relapse  is  usually  of 
shorter  duration  than  the  initial  attack,  and  the  symptoms  may  be  less 
scA'ere  ; in  rare  cases  there  is  a recurrence  of  the  headache  Avithout  either 
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rise  of  temperature  or  vomiting,  but  with  the  reappearance  of  scanty 
parasites  in  the  blood. 

In  the  European  the  disease  runs  a very  different  course,  and  is  much 
moi-e  severe.  There  is  at  first  a feeling  of  malaise,  and  if  the  patient  be 
now  seen,  the  temperature  will  be  found  to  be  slightly  above  normal. 
In  a few  hours  all  the  symptoms  will  have  developed.  The  temperature 
vises  to  104°  to  105°  F.,  there  is  the  most  intense  headache  and  obstinate 
vomiting  first  of  food  and  then  of  bile.  There  are  also  pains  in  the 
trunk  or  limbs.  In  some  cases  there  is  diarrhoea,  the  stools  having  a 
dysenteric  appearance,  sometimes  even  being  streaked  with  blood.  The 
temperature  remains  high  for  from  one  to  three  days,  shewing  slight 
morning  remissions.  The  temperature  then  falls  by  crisis  to  below 
normal  and  all  the  symptoms  disappear,  leaving  the  patient  feeling  at 
ease  but  weak.  After  an  interval,  which  may  l)e  as  short  as  one  day  or 
as  long  as  three  weeks,  there  is  a recrudescence  of  the  fever  and  a 
reappearance  of  the  other  symptoms ; the  patient  has  his  first  relapse. 
These  pyrexial  and  apyrexial  periods  succeed  one  another  until  there 
ma)"^  have  been  as  maiiy  as  eleven  relapses ; as  a rule  there  are  five  or 
six.  The  symptoms  are  usually  as  severe  in  the  relapses  as  in  the 
initial  attack  and  the  fever  is  as  high,  but  there  is  a tendency  for  the 
pyrexial  periods  to  become  shorter  and  for  the  apyrexial  periods  to 
become  longer.  There  is  the  greatest  variation  in  the  course  of  the 
disease  in  different  patients.  The  febrile  period  may  vary  in  length 
between  one  and  three  days,  and  the  intervals  between  one  and  eighteen 
days.  But  the  main  features  of  the  disease  are  the  same,  the  fever,  the 
])ains,  and  the  vomiting  all  recurring  together  at  irregular  intervals. 
When  the  last  relapse  is  finished  the  patient  will  be  found  to  have  lost  a 
great  deal  of  weight,  and  he  may  be  so  weak  that  he  can  hardly  move ; 
he  now  passes  into  a slow  but  usually  uninterrupted  convalescence.  It 
must  be  remembered  that  relapses  may  occur  in  temperate  climes  two 
months  or  more  after  the  patient  has  left  the  country  of  infection. 

Death  is  veiy  rare.  When  it  is  going  to  occur  the  temperature  falls 
to  below  normal  without  there  being  any  improvement  in  the  condition. 
The  patient  become  unconscious  and  dies  in  a comatose  state. 

Examination  of  the  Blood. — The  parasites  are  usually  so  scanty  in  the 
peripheral  blood,  and  so  difficult  to  see,  that  it  is  useless  to  examine  fresh 
blood  preparations.  Blood-smears  should  be  made  and  stained  either  by 
some  modification  of  Romanovsky’s  method  or  by  gentian  aniline  violet. 
The  former  method  has  the  advantage  of  allowing  the  observer  to  search  . 
for  malarial  j)arasites  at  the  same  time.  An  oil-immersion  lens  should  be  ' 
used.  Even  in  clinicalh'  Avell-markcd  cases  it  may  take  hours  of  search  i 
to  find  one  parasite.  Sometimes  nothing  may  be  found  during  a first : 
attack,  yet  pai-asites  may  be  found  during  a relapse.  When  feund,  the  > 
parasite  is  seen  lying  between  the  blood-cells  in  a characteristic  wavy 
shape,  shewing  from  two  to  six  undulations  in  its  length.  The  sphiro- 
clneta  is  from  15  /x  to  45  /x  long,  with  sharply  pointed  ends.  It  stains  ai 
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uniform  blue  with  Leishmau’s  stain,  and  shews  no  sign  of  structure  nor 
of  chroinatiu. 

There  is  a marked  leucocytosis,  and  a ditt'erential  count  shews  that 
the  polymorphonuclear  leucoeytes  are  increased  relatively  to  the  lymj)ho- 
cytes.  The  large  mononuclear  leucocyte  count  may  be  high,  but  in 
malarial  countries  it  is  practically  impossible  to  exclude  recent  malaria, 
which  would  account  for  an  increase  in  this  element  of  the  blood. 

Scijuels. — As  a rule  recovery  is  uninterrupted,  but  in  some  cases  iritis 
occurs.  As  in  syphilis,  this  usually  aflects  one  eye  before  the  other. 

Diagnosis. — The  disease  with  which  tick  fever  is  most  frequentlj- 
confused,  and  from  which  it  is  most  difficult  to  make  a ditfercntial 
diagnosis,  is  malaria.  The  diagnosis  can  only  be  made  with  certainty  Ijy 
microscopic  examination  of  the  blood.  The  rinding  of  the  spirochceta  or 
of  the  malarial  parasite  will  at  once  settle  the  diagnosis,  but  a negative 
examination  is  of  little  value,  although  when  dealing  with  a patient  who 
has  had  no  quinine,  such  a result  would  be  in  favour  of  tick  fever.  In 
dealing  with  natives,  the  occurrence  of  vomiting  should  suggest  tick 
fevei',  as  this  symptom  is  rare  in  natives  suffering  from  malaria.  But 
in  natives  the  diagnosis  can  only  be  made  with  certainty  by  the 
microscope. 

In  Europetins  the  vomiting  is  usually  more  severe  and  persistent  in 
tick  fever  than  in  malaria,  and  the  headache  and  pains  are  more  marked. 
The  reaction  to  quinine  may  caiise  error  if  the  drug  be  given  just  before 
the  crisis.  The  occurrence  of  a severe  relapse  in  a patient  who  Avas  being 
thoroughly  treated  Avith  quinine  Avould  be  in  favour  of  tick  fever.  When 
a microscopical  examination  is  not  possible,  the  points  in  favour  of  the 
disease  being  tick  fever  are  the  severity  of  the  headache,  vomiting,  and 
pains,  the  lack  of  reaction  to  quinine,  and  the  irregular  nature  of  the 
intervals  betAveen  the  febrile  periods : in  such  a case  inoculation  of  a 
monkey  Avith  a drop  or  tAvo  of  blood  from  the  patient’s  finger  would  aid 
the  diagnosis.  If  the  case  Avere  one  of  tick  fever  the  monkey’s  tempera- 
ture Avould  rise  in  the  course  of  a feAv  days. 

Where  a microscope  is  available  but  the  blood  examination  is  nega- 
tive, it  Avould  probably  be  Avorth  Avhile  to  puncture  the  liver  Avith  a 
hypodermic  needle  and  make  smears  of  blood  draAvn  off  this  organ,  for 
experiment  Avith  the  disease  in  the  monkey  sheAvs  that  the  parasites  ai’e 
much  more  numerous  in  the  liver  than  in  the  peripheral  Iriood. 

Treatment. — No  drug  so  far  tried  is  of  any  use  either  in  cutting 
short  the  disease  or  in  alleAuating  the  symptoms.  Since  the  discovery  of 
the  spirochseta  of  syphilis,  mercury  has  been  tried,  but  no  results  have  yet 
been  ])ublished.  All  that  can  be  done  is  to  keep  the  patient  in  bed,  and 
give  fluid  diet  AAffien  the  A’omiting  alloAA^s  of  it  being  taken.  M hen  food 
cannot  be  taken  by  the  mouth,  recourse  may  be  had  to  rectal  feeding.  In 
the  intervals  betAveen  relapses  the  patient  should  be  kept  quiet  and  giA’en 
light  nutritious  diet.  When  the  disease  has  run  its  course,  the  patient’s 
condition  Avill  call  for  good  food,  tonics,  and  rest,  until  the  lost  ground 
has  been  made  up. 
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Prophylaxis. — Prevention  is  easy  for  Europeans,  and  consists  particu- 
larly in  avoiding  old  camping-grounds  and  in  tucking  in  the  mosquito  net 
so  that  a tick  cannot  enter.  For  natives,  all  that  can  be  done  is  to  avoid 
what  are  known  to  be  infected  camps,  and  to  warn  the  natives  against 
sleeping  in  old  infected  huts.  Such  huts  should  be  burnt,  and  a camping- 
cround,  when  once  it  is  known  to  be  infected,  should  be  abandoned. 

Immunity.— A certain  degree  of  immunity  is  conferred  by  an  attack. 
In  the  monkey,  reinoculation  two  months  from  the  last  relapse  results  in 
the  appearance  of  scanty  spirocluetae  in  the  peripheral  blood.  But  the 
interval  between  inoculation  and  the  appearance  of  the  parasites  is  pro- 
longed (ten  days),  and  their  appearance  is  not  accompanied  by  any  rise 
in  temperature.  This  explains  why  natives  suffer  from  a much  shorter 
and  milder  form  of  the  disease  than  do  Europeans.  The  native,  living 
in  an  infected  hut,  is  constantly  liable  to  fresh  infection.  As  the 
immunity  conferred  by  one  attack  wears  out  he  may  l)e  reinfected,  but, 
as  a result  of  the  previous  attack,  he  is  not  as  susceptible  as  a new- 
comer. He  possesses  a certain  amount  of  resistance  to  the  disease,  and 
one  attack  is  sufficient  to  raise  his  degree  of  immunity  to  the  point  which 
is  only  reached  in  the  European  after  many  relapses. 

The  Disease  in  Monkeys. — The  cour.se  of  the  disease  in  the  moidcey 
is  shewn  in  Chart  III.  The  animal  is  evidently  ill  during  the  febrile 
period,  and  refuses  its  food.  In  the  intervals  it  appears  well,  and 
there  is  little  loss  of  condition  during  the  disease.  Plxamination  of 
the  blood  shews  the  spirochaetm  to  be  present  in  great  numbers  during 
the  fever,  but  they  disajjpear  suddenly  at  the  crisis.  Coinciding  with  the 
rise  of  temperature,  there  is  a marked  leucocytosis  with  relative  increase 
of  the  polymorphonuclear  leucocj^'tes.  These  cells  and  the  large  mono- 
nuclears frequentl}'-  shew  vacuolation,  and  a parasite  may  sometimes  be 
seen  in  the  vacuole  in  a more  or  less  advanced  stage  of  degeneration. 

When  death  occurs  the  temperature  falls  below  normal,  but  the  spiro- 
chset?e  can  still  be  found  in  great  numbers.  The  animal  becomes  comatose 
and  dies.  The  liver  and  spleen  are  usually  found  to  be  slightly  enlarged, 
and  petechife  may  be  found  on  the  surface  of  these  organs  and  of  the 
huigs  and  kidneys.  The  bone-marrow  is  dark  in  colour  and  congested. 
The  parasites  are  found  in  great  numbers  in  smears  of  lung  and  liver,  but 
are  scanty  in  the  bone-marrow  and  spleen.  Beautiful  illustrations  of 
phagocytosis  can  be  seen  in  the  liver  and  lung  smears. 

Philip  H.  Kos.s. 
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THE  SPOTTED  FEVER  OF  THE  ROCKY  MOUNTAINS 

By  Louis  AV.  Samuun,  M.D. 

Synonyms. — Spotted  Fever,  Black  Fever,  Black  ]\Ieasles,  Blue  Disease, 
Tick  Fever,  Firoplasniosis  hominis. 

Definition. — An  acute  infectious  disease  of  about  two  weeks’  duration, 
occurring  sporadically,  during  the  spring  months,  in  some  of  the  valleys 
of  the  Rocky  IMountain  Plateau,  and  characterised  by  a petechial  eruption, 
accompanied  by  fever,  enlargement  of  the  spleen,  and  marked  nervous 
symptoms. 

History. — For  over  thirty  years  the  spotted  fever  of  the  Rocky 
Mountains  has  been  looked  upon  as  a distinct  disease  by  the  physicians 
of  Montana  and  Idaho,  and  in  1899  Maxey  refers  to  it  as  “an 
independent,  specific  disease,  and  related  in  no  way  to  any  disease 
described  in  our  text-books  on  practice.”  The  first  ]niblished  account  of 
the  malady  appears  to  be  a summary  given  by  Lieut.-Col.  AV.  ]\I.  AA'ood, 
U.8.  Army,  at  Boise  Barracks,  Idaho,  in  1896  ; and  the  earliest  recorded 
cases  were  in  1873,  in  the  Bitter  Root  A^alley,  in  Montana.  Some 
authors  believe  that  the  Indians  were  subject  to  spotted  fever  prior 
to  the  advent  of  white  men,  but  AVilson  and  Chowning,  who  investigated 
the  disease  for  the  Montana  State  Board  of  Health  in  the  spring  of 
1902,  in  the  Bitter  Root  Akilley,  were  unalile  to  obtain  any  reliable 
information  as  tck  its  occurrence  among  the  Indians,  who,  until  1890, 
inhabited  the  valley.  In  July  1902,  AVilson  and  Chowning  announced 
that  they  had  discovered  an  intracorpuscular  parasite  of  the  genus  Babesia 
( = Piroplasma)  in  the  red  blood-cells  of  patients  .suffei'ing  from  spotted 
fevei’.  At  the  same  time,  they  incriminated  a tick  Dermacentor  reticidafvs 
ocddentalis  Marx  and  Neum.,  as  the  possible  carrier  of  the  infection,  and 
suggested  that  the  burrowing  squirrel  or  common  grey  spermophile 
(Citellus  columhianus)  might  be  the  regular  host  of  the  parasite  they  found 
in  man.  Their  observations  were  confirmed  by  F.  F.  AVesbrook  and 
J.  0.  Cobb  in  1902,  and  by  J.  F.  Andenson  in  1903.  In  May  1904,  C.  AAk 
Stiles  visited  the  Bitter  Root  A'alley  to  study  the  disease  froin  a zoological 
sbindpoint.  He  examined  microscopically  fresh  and  stained  preparations 
of  blood  from  nine  characteristic  cases  of  spotted  fever,  and  also  a slide 
received  from  AAdlson  and  Chowning,  but  failed  to  find  any  Babesia. 
Moreover,  he  found  no  evidence  that  the  burrowing  squirrel  was  the 
original  host  of  the  j)arasite  of  spotted  fever,  or  that  the  tick  was 
the  carrier  of  the  infection. 

Geographical  Distribution  and  Etiological  Factors. — Spotted  fever 
has  been  reported  in  several  of  the  AVestern  States  of  the  American 
Union — Idaho,  Montana,  AA’yoming,  Utah,  Nevada,  Oregon,  AA^ashington 
State,  and  also  in  the  territory  of  Alaska  (Gwinn  and  MUullough). 
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Toimjraphical  Distribution. — The  disease  is  found  in  the  valleys,  and 
most  observers  point  out  that  it  is  contracted  while  the  patients  are 
residing  or  sojouniing  in  or  near  the  foothills  of  the  mountains.  In 
the  Bitter  Boot  Valley  the  disease  is  confined  to  the  west  side  of  the 
river,  and  more  })iecisely  to  the  eastern  foothills  of  the  Bitter  Root 
Mountains.  The  west  side  is  narrower  than  the  east,  it  is  watered  by 
more  numerous  mountain  streams,  and  has  much  more  timber  and 
underbush. 

Seasonal  Distribution. — Almost  without  exception  authors  are  emphatic 
that  the  incidence  of  spotted  fever  is  confined  to  the  spring  months. 
It  appears  in  March  and  continues  until  the  latter  part  of  June. 
According  to  ]\I‘Cullough  it  has  occurred  as  early  as  January  and  as 
late  as  July. 

Epidemic  Character. — Spotted  fever  occurs  spoi-adically,  and,  although 
Sweet  says  that  several  cases  may  appear  in  a household,  it  is  exceptional 
to  find  more  than  one  or  two  in  the  same  house.  The  great 
majority  of  writers  regard  the  disease  as  non-contagious.  The  disease 
attacks  alike  persons  of  any  age  or  either  se.v ; those  who  go  for  business 
or  pleasure  to  the  lower  ranges  of  the  mountains  in  the  spring  are 
specially  liable  to  sufler. 

Morbid  Anatomy. — -Examination  after  death  shews  nothing  very 
characteristic.  The  skin  presents  the  petechial  rash.  The  blood  is 
dark  and  fluid.  The  muscles  are  of  a deep  red  colour.  The  myocardium 
shews  an  acute  parenchymatous  degeneration.  The  lungs  are  usually 
congested.  The  spleen  is  enlarged,  of  a slaty  purple  colour  and  soft. 
The  liver  is  slightly  eidarged.  The  kidne3^s  are  In^perajinic  and  swollen. 
There  are  no  important  changes  in  the  brain  and  spinal  cord;  their 
vessels  ai-e  somewhat  congested. 

Symptoms. — The  duration  of  the  incubation -period  is  uncertain. 
According  to  Anderson,  it  may  vary  from  three  to  seven  days.  Bowers 
places  it  at  from  ten  to  twenty-one  days.  Stiles  has  shewn  that  the 
disease  may  develop  within  six  days. 

Onset. — In  many  cases,  the  disease  sets  in  suddenly  Avith  a severe 
rigor ; in  others,  it  comes  on  gradually  Avith  lassitude,  general  malaise, 
and  cliilliness.  As  a rule,  the  period  of  invasion  is  marked  by  severe 
headache  and  backache.  The  patient  is  restless  and  sleepless.  His 
face  becomes  flushed,  dusky  and  slightly  mdematous,  his  eyes  congested, 
his  expressioTi  listless,  dull,  and  licaA^y.  The  tempcratui’e  rises  rapidly 
and  the  skin  becomes  diy,  hot,  and  pungent.  The  pulse  is  full  and 
accelerated.  The  tongue  becomes  furred  and  inclined  to  trend )le. 
Nausea  is  common,  and  vomiting  may  be  an  occasional  symptom. 
Frecpiently,  there  is  evidence  of  a slight  bronchitis  from  the  outset. 

Eruption. — The  most  characteristic  feature  of  the  disease  is  its 
peculiar  exanthem.  It  commences  usually  from  the  fourth  to  the 
seventh  day  of  the  disease — sometimes  later,  occasionally  earlier.  It 
appears  first  on  the  back  or  about  the  ankles  and  Avrists,  extending  in 
tAvo  or  three  days  over  the  entire  body.  On  first  appearance,  the 
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eniption  consists  of  unelevated,  rosc-colonrcd  spots  varying  in  size 
from  1 to  5 mm.  in  diameter.  Each  spot  is  ii'regular  in  outline,  fades 
inscnsibh^  into  the  hue  of  the  surrounding  shin,  and  disap}>ears  com- 
pletely on  pressure.  In  two  or  three  days  these  spots  undergo  a 
marked  change.  They,  increase  in  size,  assume  a purplish  colour,  do 
not  disappear  on  pressure,  and  become  petecliial.  Aliout  the  fourteenth 
day,  the  eruption  begins  to  fade,  but  it  may  remain  faintly  visible  for 
many  weeks.  Its  disapjiearance  is  followed  by  a branny  desc|uamation 
of  the  cuticle  which  is  hardly  noticeable.  In  addition  to  the  eruption, 
the  skin  is  always  jaundiced  to  a greater  or  less  degree,  and  the  yellow 
discoloration  is  well  marked  in  the  conjunctivse. 

Fever. — As  a rule,  the  temperature  rises  abruptly,  especially  when 
the  disease  commences  with  a rigor,  and  it  may  reach  102°,  103°,  oi- 
even  104°  F.  on  the  evening  of  the  first  day.  Then  it  .steadily  ascends 
with  slight  morning  remissions  during  the  first  four  or  five  days.  The 
fastigium  is  usually  attained  by  the  fifth  day,  when  the  temperature 
may  be  as  high  as  10o°,  106°,  or  even  107°  F.  In  mild  cases  it 
seldom  rises  above  103°  F.  Having  reached  its  acme,  the  fever  con- 
tinues until  the  tenth,  twelfth,  or  fifteenth  day,  when  it  begins  to 
decline.  Defervescence  most  commonly  occurs  by  lysis. 

Pulse. — Full  and  strong  at  first,  the  pulse  later  becomes  soft  and 
weak,  but  rarely  dicrotic.  It  gradually  becomes  more  rapid,  and,  though 
it  may  not  be  above  100  throughout  the  whole  course  of  the  disease, 
it  may  reach  130  or  140  in  severe  cases.  Slight  catarrh  of  the  resjnrafori/ 
iract  is  always  present  from  a very  early  period  of  the  disease,  and  the 
respirations  are  more  or  less  increased  in  frequency. 

Digestive  Tract. — The  tongue  is  clammy  and  furred  at  the  outset ; 
later,  it  becomes  shrivelled,  dry,  brown,  and  tremulous,  and  sordes 
accumulate  on  the  teetli  and  lips.  Anorexia  and  nausea  are  common, 
vomiting  rare.  Asa  rule  there  is  constipation,  but  in  .some  instances  there 
' is  diarrhoea  associated  with  abdominal  distension  and  slight  tenderness. 

The  S2>leen  is  tender  and  enlarged  early  in  the  disease,  and  may  extend 
i one  or  two  inches  below  the  ribs.  The  liver,  though  it  may  be  somewhat 

) enlarged,  is  not  tender.  The  lymphatic  glands  in  the  neck  ha\'e  in  a few 

!)  cases  been  found  enlarged,  and  Anderson  reports  enlargement  of  the 

! axillary  glands  in  one  case.  Fpistaris  is  frequent,  and  sometimes  severe. 

' The  hlood  becomes  thick  and  dark,  its  coagulation-time  is  considerably 

j prolonged.  The  erythrocytes  are  slightly  reduced  in  number,  and  theii’. 

[ haemoglobin  diminished.  The  large  mononuclear  leucocytes  are  increased. 

Urine. — The  urine  is  usually  scanty,  acid,  deeply  coloured,  and  of  high 
I specific  gravity.  It  frequently  contains  a trace  of  albumin,  numerous 
tube-casts,  and  much  gi’anular  debris. 

I Nervous  System. — Great  prostration  is  constant.  Headache  is  intense 

I and  persistent;  it  is  generally  frontal,  but  may  be  temporal  or  occipital. 

1 It  is  accompanied  by  giddiness  and  ringing  in  the  ears.  Backache, 

t chiefly  in  the  lumber  region,  is  often  distressing.  Pains  in  the  legs  are 

> not  uncommon,  and  the  patient  invariably  complains  of  general  soi’eness. 
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The  mind  is  usually  clear  early  in  the  disease,  but  by  degrees  the  jiatient 
becomes  stupefied,  and  there  may  be  a quiet  muttering  delirium  or  violent 
ra\ing.  Coma  and  death  usually  follow  the  delirium.  Occasionally, 
there  may  be  convulsions  liefore  death,  which  is  usually  from  exhaustion.  * 
Convalescence  is  usually  rapid  (Figgins),  but  some  authors  state  that  it 
may  be  prolonged  for  months. 

Complicatioiis.  — Hypostatic  pneumonia  and  gangrene  of  the  toes, 
hands,  scrotum,  and  nose  are  fi-equent  complications. 

Mortality. — There  is  a striking  difl'erence  in  the  mortality  of  the 
disease  between  the  States  of  Idaho  and  Montana.  In  Idaho  it  is 
about  2'.o  per  cent,  in  Montana  from  70  to  80  ])er  cent,  and  in  some 
years  even  90  per  cent. 

Diagnosis. — Spotted  fever  ma}’  be  mistaken  for  measle.s,  small-pox, 
purpura,  cerebrospinal  meningitis,  relapsing  fever,  or  enteric  fever ; but 
in  comparing  typical  cases  there  can  be  no  possible  confusion  because 
s2>ottcd  fever  presents  very  distinctive  characters. 

Relation  of  Typhus  Fever  and  Spotted  Fever. — It  is  impossible 
to  distinguish  spotted  fever  from  typhiis  fever,  and  I am  inclined 
to  think  that  they  are  identical.  Those  who  have  had  the  oppor- 
tunity of  studying  the  disease  believe,  however,  that  the  spotted 
fever  of  the  Itocky  IMountains  difiers  from  typhus  both  clinically 
and  epidemiologically.  Clinically,  because  it  has  a shorter  period  of 
incubation,  because  its  rash  appears  first  ou  the  extremities,  its 
nervous  symptoms  are  less  pronounced,  and  its  termination  is  by  lysis. 
F[)idemiologicallj',  because  it  is  limited  to  the  spring  months,  and  is 
non-contagious.  These  distinctions  are  illusory.  As  to  the  ])eriod  of 
incubation  no  comparison  is  possible  because  it  has  not  been  determined 
definitely  in  either  disease.  Several  authors  state  that  the  rash  of 
spotted  fever  usually  appears  first  about  the  ankles  and  wrists, 
others  state  that  it  commences  on  the  face  or  back.  In  ty])hus  fever 
the  eruption  frequently  begins  on  the  extremities.  The  nervous 
symptoms  do  not  differ,  but  their  intensity  may  vary  exceedingly  in 
both  diseases.  As  to  termination,  it  is  incorrect  that  typhus  fever 
always  terminates  by  a sudden  crisis ; the  most  common  form  of 
termination  being  by  lysis.  The  seasonal  difference  put  forward  by  some 
authors  is  no  better  grounded.  Typhus  fever  is  pre-eminently  a disease 
of  the  spring  months,  although  it  may  also  prevail  at  other  seasons 
.under  special  cotiditions.  On  the  other  hand  cases  of  spotted  fever 
in  January,  February,  June,  July,  and  August  have  been  reported. 

.Vs  to  the  question  of  contagion,  attention  may  be  drawn  to  published 
instances  of  husband  and  wife  or  two  children  contracting  spotted 
fever  at  about  the  same  time.  Stiles  considers  that,  despite  the  general 
experience  regarding  the  non -contagiousness  of  the  disease,  such  close 
intimacy  as  sleeping  in  the  same  bed  may  perhaps  lead  to  infection  of 
a healthy  individual.  Rut  are  we  right  in  considering  typhus  fever  as 
contagious  ? It  is  true  that  all  our  text-books  describe  it  as  such,  and 
that  Professor  Osier  says  it  is  “ one  of  the  most  highly  contagious  of 
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febrile  affections.”  Kut  yelloAv  fever,  relapsing  fever,  and  other  diseases, 
until  quite  recently  generally  regarded  as  contagious,  are  now  kTiown  to 
be  conveyed  by  the  means  of  intermediary  agents.  A careful  study  of 
the  epidemiology  of  typhus  fever  leads,  I think,  inevitably  to  the 
conclusion  that  the  disease  is  not  immediately  contagious.  In  its 
endemic  centres  typhus  fever  usually  apj)ears  sporadically  year  after  year 
Avithout  giving  rise  to  epidemics.  In  certain  years,  however,  especially 
after  the  depressing  influence  of  Avar  and  famine,  there  may  be  an 
enormous  increase  in  the  number  of  cases,  and  the  disease  takes  on 
epidemic  proportions  just  like  malaria,  yelloAv  fevei’,  and  relapsing  fever, 
under  A ery  favourable  etiological  conditions.  In  its  epidemic  outbursts, 
typhus  fever  attacks  almost  exclusiA^ely  the  loAvest  classes,  and  more 
especially  the  inmates  of  croAAxled  (hvellings,  such  as  jails,  asylums, 
and  lodgingdAouses.  It  has  prevailed  frequently  on  ships,  or  in  army 
camps,  Avith  all  the  appearances  of  an  exceedingly  contagious  disease. 
The  experience  of  hospitals  is  most  instructive.  In  badly  constructed, 
uncleaidy  hospitals  the  disease  has  frequently  spread  to  other  patients, 
and  attacked  doctors,  nurses,  and  attendants ; in  others,  better  cai'ed- 
for  patients  and  staff  have  remained  unaffected,  notAvithstanding  the 
admission  of  numerous  cases.  As  in  relapsing  fevei’,  the  Aurus  of  typhus 
fever  is  able  to  persist  for  a long  time  in  rooms  that  have  been  occupied 
by  the  sick,  and  old  clothes  and  bedding  have  often  been  the  means  of 
conveying  it  to  a distance.  Outbreaks  of  typhus  fever  have  often 
folloAved  on  the  arriA'al  of  famine-stricken  hordes  though  not  suffering 
from  the  disease.  liemarkable  examples  AA^ere  Avitnessed  in  1868,  in 
Algeria,  Avheu  many  of  the  persons  attending  to  the  relief  of  the 
famished  natives  Avere  attacked,  notAvithstanding  that  their  contact  had 
l)een  of  the  slightest  and  invariably  in  the  open.  These  and  other  facts 
in  the  epidemiology  of  typhus  fcA’er  are,  to  uty  mind,  only  capable  of 
one  interpretation,  namely,  that  the  disease  is  not  immediately  contagious, 

^ but  that  it  is  transmitted  by  blood-sucking  parasites  such  as  the  common 
bed-bug,  or  the  body-louse,  and,  possibly,  the  flea.  Further  arguments 
i in  favour  of  this  vieiv  are  the  Avell-knoAvn  frequent  association  of  typhus 
1 fever  Avith  relapsing  fever  (rule,  vol.  i.  p.  1186),  and  the  notable  decrease 
of  both  diseases  in  consequence  of  the  expulsion  of  the  bed-bug  and  other 
I vermin  by  haluts  of  greater  cleanliness  in  households. 

Etiology.— In  Idaho  spotted  fever  has  been  ascribed  to  drinking 
! the  AA’ater  from  creeks  and  sui-face  Avells,  and  some  of  the  local  physicians 

I attributed  it  to  malaria.  AVilson  and  ChoAvning  Avere  the  first  to  describe 

I a specific  organism  as  the  cause  of  the  disease.  They  spcciall}'  point  out 
I that  bacteriological  cultures  did  not  sheAv  the  presence  of  any  causal 
\ bacteria,  and  the}"  describe  bodies  Avhich  they  interpret  as  protozoa,  and 
[ called  “ Fi/raplusma  Jiominis”  (namely,  Jltibma  hominis).  They  fui’ther 
► state  that  they  inoculated  rabbits  Avith  blood  of  spotted  fever  patients, 

I and  recoA"ered  the  parasites  from  the  blood  of  the  inoculated  animals, 

if  ilson  and  ChoAvning’s  obseiwations  AA^ere  confirmed  by  Cobb,  Wesbrook, 
|>  and  Anderson,  but  contradicted  by  8tiles  Avho  failed  to  find  any  Babesia 
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or  other  organism  in  either  patients  suffering  from  spotted  fever,  or 
in  rabbits  inoculated  with  blood  from  fatal  cases.  A\  ithout  material  at 
hand  it  is  of  course  impossible  to  give  any  opinion  as  to  AVilson  and 
Chowning’s  results ; it  is,  however,  interesting  that  at  about  the  same 
time,  Gotschlich  in  Egypt  announced  the  discovery  of  a Ikihesia  in 
cases  of  typhus  fever  — • and  that  other  investigators  such  as  Thoinot 
and  Calmette  had  previously  described  protozoa  in  connexion  with  the 
latter  disease.  AVhatever  may  be  the  value  of  AA^ilson  and  Chowning’s 
observations,  there  is  much  in  favour  of  the  protozoan  nature  c>f 
spotted  fever.  The  disease  is  undoubtedly  a ha3mic  infection,  and 
the  mononuclear  increase  is  certainly  in  favour  of  a protozoan  parasite. 
AA'’ilson  and  Chowning  suggest  that  spotted  fever  is  probably  trans- 
mitted by  ticks.  They  were  led  to  this  hypothesis  not  only  because 
they  believed  the  disease  to  be  caused  by  a babesia,  but  because  in 
most  of  the  cases  there  was  evidence  or,  at  least,  a history  of  tick  bites. 
Stiles  opposes  this  on  the  ground  that  there  is  no  proportion  between  the 
limited  number  of  cases  and  the  great  frequency  of  tick  bites  in  the  Bitter 
Root  Valley  where  Dermacentor  reticulatm  occidenfalis  is  exceedingly  common. 
The  suggested  identity  of  spotted  fever  and  of  typhus  fever  might  at 
fii'st  sight  appear  to  be  a further  argument  against  the  hypothesis  that 
spotted  fever  is  transmitted  by  ticks;  but  on  the  analogy  of  rela])sing 
fever,  Avhich  is  conveyed  by  ticks  in  Africa  and  Asia,  and  by  the  common 
bed-bug  in  Europe,  this  method  of  transmission  appears  reasonable. 
Whatever  may  be  the  real  nature  of  spotted  fever,  its  causative  agent 
must  be  closely  allied  to  that  of  typhus  fever,  and  I have  no  doubt  that 
the  elucidation  of  the  disease  of  the  Rocky  Mountains  will  advance  our 
knowledge  of  the  etiology  of  typhus  fever. 

Treatment. — The  disease  is  self-limited,  and  a large  proportion  of 
cases  recover  without  any  treatment.  Drugs  indeed  have  no  effect 
upon  the  disease.  AATlson  and  Chowning  suggest  the  use  of  quinine  in 
large  doses,  preferably  hypodermically,  but  it  has  often  been  used  with- 
out result.  Normal  saline  solution  in  rectal,  vesical,  and  subcutaneous 
injections  are  said  to  have  been  beneficial.  Most  authors  recommend 
the  drinking  of  large  quantities  of  water.  The  treatment  is  entirely 
symptomatic : Salines,  calomel,  or  enemas  for  constipation ; cold 

sponging  for  high  temperature ; Dover’s  powder  to  relieve  paiu  and 
restlessness,  and  cardiac  stimulants  when  necessary.  The  patient  should 
be  frequently  turned  in  bed  after  the  disease  is  well  estal)lished,  in 
oi-der  to  prevent  hypostatic  pneumonia.  The  diet  should  consi.st  of 
milk,  broths,  and  eggs. 

Prophylaxis.  — Definite  statements  regarding  prevention  cannot  be 
made  until  the  cause  of  the  disease  and  its  method  of  transmission 
are  definitely  known.  Meanwhile,  the  destruction  of  ticks  and  the 
avoidance  of  their  bites  seem  reasonable. 


Louis  AA^.  Sambon. 
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YELLOW  FEVER 
By  Andukw  D.widson,  M.D. 

Synonyms. — English,  Black  vomit;  French,  Fihre  jaune;  Spanish,  Fiebre 
amarilla,  Vomito  negro  or  pieto ; Italian,  Febbre  gialla ; German,  Gelh- 
fieher ; Latin,  Ti/phus  icterodes. 

Definition.  — Yellow  fever  is  an  infectious  disease,  characterised  by  a 
continued  fever  of  two  or  three  days’  duration,  followed  by  a remission 
ending  in  convalescence  or  passing  into  a critical  stage,  marked  by 
jaundice,  black  vomit,  passive  haemorrhages,  albuminuria,  suppression  of 
urine,  and  nervous  and  mental  disturbances. 

Endemic  Habitats. — Yellow  fever  is  endemic  in  three  regions — the 
AVest  Indies  and  the  adjacent  coast  of  Mexico,  the  Senegambia  and  Ivory 
Coasts  of  Africa,  and  Brazil.  Three  points  in  particular  stand  out  in  the 
history  of  yellow  fever,  (i.)  Its  comparatively  recent  appearance  in  each 
of  these  regions;  (ii.)  the  long  intervals  during  which  it  has  been  absent 
from  every  individual  locality  in  these  endemic  areas:  (iii.)  the  fre- 
([uency  with  which  its  reappearance  can  be  traced  to  importation  by 
shipping  from  infected  centres. 

JFcst  Indies. — The  first  outbreak  that  can  be  recognised  with  certainty 
as  yellow  fever  is  that  which  appeared  at  Barbadoes  in  1 04-7.  That  tliis 
was  the  true  typhus  icterodes  is  to  be  inferred  not  so  much  from  its 
having  been  “ as  killing  as  the  plague”  as  from  the  significant  circum- 
stance that  it  extended  its  ravages  to  the  shipping  in  the  harbour,  by 
which  it  was  introduced  into  St.  Christopher  and  thence  to  Guadeloupe. 
The  symptoms,  moreover,  were  rpute  characteristic,  Avhich  cannot  be  said 
of  earlier  epidemics  supposed  to  have  been  yellow  fever.  Yellow  fever 
broke  out  in  Cuba  for  the  first  time,  so  far  as  can  be  ascertained,  in 
1G48-49,  i.e.  about  140  years  after  the  Spaniards  settled  in  the  island. 
The  first  accounts  of  its  appearance  in  Jamaica  date  from  1655  ; in  San 
Domingo  from  1656;  in  Martinic[ue  from  1688;  at  "Vera  Cruz  from 
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1690  ; and  in  St.  Thomas  as  late  as  1793.  During  the  seventeenth  and 
eighteenth  centuries  yellow  fever  was  apparently  absent  from  each  of 
these  islands  for  long  periods  of  years.  Barbadoes,  for  example,  enjoyed 
immunity  from  1647  to  1690,  when  the  disease  again  broke  out,  and 
was  known  as  “ The  new  pestilence  ” or  “ Kendal’s  disease.”  The 
inhabitants  of  Barbadoes  would  hardly  have  bestowed  upon  it  such 
designations  if  it  had  been  then  of  frequent  occurrence  in  the  island  and 
well  known  in  the  West  Indies.  Another  lu-eak  of  fifty-four  years 
occurred  in  this  island  betAveen  1739  and  1793.  In  San  Domingo 
nothing  very  certain  is  heard  of  it  for  the  thirty-five  years,  1746-81, 
and  about  the  same  period  it  was  absent  for  thirty-eight  years  from 
Jamaica.  It  appears  to  have  been  unknown  in  Cuba  from  1656  to  1678, 
from  the  latter  date  on  to  1702,  and  again  from  1706  to  1746.  Similar 
gaps  occur  in  the  epidemiological  records  of  yellow  fever  in  the  other 
islands.  Although  unrecorded  outbreaks  no  doubt  occurred,  the  broad 
truth  remains  that  yellow  fever  has  been  absent  for  long  series  of  years 
from  every  spot  in  its  West  Indian  habitat. 

No  less  remarkable  is  the  ever-recuiring  mention  of  the  transit  of 
yellow  fever  backwards  and  forwards  from  island  to  island  by  ships.  So 
far  back  as  1698  the  importance  of  this  mode  of  transport  had  become 
so  well  recognised  that  in  that  year  a quarantine  ordinance  was  passed 
in  San  Domingo,  applying  to  ships  coming  from  the  AVindward  Islands, 
“ in  order  to  prevent  the  introduction  of  the  Mai  de  Siam,”  as  yellow 
fever  Avas  then  called.  It  is  also  clear  from  this  that  the  inhabitants  did 
not  look  upon  it  as  permanently  endemic  in  their  midst.  The  fre((uency, 
too,  of  outbreaks  at  different  ]Alaces  seems  to  have  borne  a direct  relation 
to  the  activity  of  trade  betAA'cen  tOAvns  AAuthin  the  yelloAv  feA^er  zone  and 
to  the  numbers  of  susceptible  strangei's  resident  in  a locality. 

West  Coast  of  Africa. — AVhether  yelloAv  fever  be  indigenous  to  this 
co.'ist,  and  AA'as  carried  thence  in  connexion  Avith  the  slave  trade  to  the 
AA  est  Indies,  or  Avhether  it  Avas  introduced  into  Africa  from  the  latter, 
cannot  noAv  be  determined  Avith  any  certainty.  The  first  unimpeachable 
evidence  of  its  existence  in  this  region  dates  no  further  back  than  the 
year  1778,  Avhen  it  Avas  epidemic  at  St.  Louis  in  Senegal.  From  Schotte’s 
account  of  this  outbreak,  as  Avell  as  from  subsequent  obserA'^ations,  avc 
find  yelloAv  fever  on  the  AA^est  Coast  of  Africa,  as  in  the  AA^est  Indies, 
being  carried  from  place  to  place  by  maritime  commerce,  and  having 
periods  of  outbreak  folloAved  by  considei-able  intervals  of  absence. 

Brazil. — As  a constant  element  in  the  nosology  of  Brazil,  yellow  fever 
dates  from  the  last  quarter  of  1849,  Avhen  it  Avas  introduced  from  Havana 
or  ]\eAv  Orleans,  or  from  both,  hrom  that  time  ouAvards,  deaths  from 
this  disease  have  been  registered  every  yeai-  in  Bio,  Avitli  the  exception 
of  1865.  The  annual  mortality  fluctuates  greatly,  remaining  high  for 
three  or  four  years  in  succession,  then  .sinking  to  a minimum. 

It  is  f I om  these  three  centres  that  yelloAv  feA'er  has  been  propcagated 
to  other  parts  of  America,  to  Europe,  to  the  Congo  Coast,  and  to  the 
AA  est  African  Islands.  The  continents  of  Asia  and  Australia,  the  Poly- 
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iiesiaii  Islands,  the  eastern  coast  of  Africa,  and  the  greater  part  of  Europe 
have  hitherto  escajied  this  pestilence. 

Area  of  Diffusion. — From  the  West  India  centre  yellow  fever  has  been 
carried,  times  without  number,  to  the  Gulf  and  Atlantic  coasts  of  America, 
and  to  towns  on  the  Mississippi,  those  most  frequently  infected  being  the 
southern  sea  and  river  ports  in  constant  communication  with  the  West 
Indies.  The  Pacific  coasts  of  Central  America,  cut  off  from  direct  sea 
communication  with  the  AVest  Indies,  have  suffered  little.  The  North 
Atlantic  coast  of  South  America,  from  the  Gulf  of  Darien  to  Cayenne, 
has  been  subject  to  frequent  outbreaks.  After  yellow  fever  became 
domesticated  in  Brazil,  it  has  been  introduced  more  than  once  into  klonte 
A ideo  and  Buenos  Ayres ; it  has  penetrated  up  the  Parana  to  Corrientes 
and  xA.su ncion  ; it  was  carried  to  Peru  for  the  first  time  in  IS.'i-I,  where 
it  threatened  to  become  endemic.  Guaya([uil  Avas  vi.sited  in  1740,  in 
1842,  and,  according  to  Nelson,  the  outbreaks  of  late  years  arc  so  fre- 
quent there  that  this  port  may  now  be  looked  upon  as  an  endemic  seat 
of  the  disease. 

AA’^ith  the  exception  of  an  outbreak  at  Leghorn  in  1804,  all  the  fatal 
epidemics  of  yellow  fcA'er  in  Europe  have  been  restricted  to  the  Ibei'ian 
peninsula  and  the  Balearic  Islands,  and  up  to  the  time  Avhen  it  obtained 
a footing  in  Brazil,  the  disease  had  always  been  imported  from  the  AA^’est 
Indies.  A'cUoav  fevei-  made  its  first  appearance  on  European  soil  at 
Cadiz,  the  headquarters  of  the  AA'^est  Indian  trade,  in  1700,  and  sul)se- 
(|uently  in  1730-84,  1741,  17G4,  and  1780.  Lisbon  rvas  attacked  in 
1 723-24,  and  Malaga  in  1741.  Respecting  the  eighteenth  century  epi- 
demics it  has  to  be  observed  that,  Avliile  some  rvere  destructive,  none  of 
them  shcAved  any  tendency  to  spread  inland  or  even  to  any  extent  along 
the  coast.  It  AAvas  very  different  in  the  great  outbreaks  of  1800-4,  1810- 
1813,  and  1819-20.  These  Avere  of  an  intense  type,  attacked  in  some 
I instances  almost  the  entire  population  of  the  iiiAaded  localities,  caused  a 
I,  great  mortality,  and  exhibited  a tenacity  and  poAver  of  diffusion  not 
' observed  in  the  earlier  epidemics.  They  spread  not  only  along  the  coast, 

I but  extended  for  a con.siderable  distance  into  the  interior,  making  great 
haA'oc  in  Seville,  Murcia,  Jumilla,  and  other  inland  cities.  The  later 
» outbreaks  in  1823,  1828,  1870  Avere  milder  and  more  distinctly  localised. 

The  last  of  the  series  AA^as  an  outbreak  at  Madrid  in  1878.  On  all 
; former  occasions  Avhen  iidand  tOAvns  Avero  invaded,  it  Avas  by  extension 
' from  a previously  infected  coast  toAvn.  On  this  occasion  it  Avas  carried 
' direct  from  Cuba  to  Madrid,  declaring  itself  immediately  after  the  return 
I of  troops  from  Cuba,  among  Avhom  no  case  of  fever  had  occurred  dui-ing 
I the  Amyage,  in  a street  Avhere  the  discharged  soldiers  had  taken  uj)  their 
I quarter:;.  It  appeared  on  the  15th  of  Septem1)cr,  and  after  attacking 
about  fifty  persons  and  causing  some  thirty-five  deaths,  it  died  out  in 
the  middle  of  October.  Lisbon,  AA’hich  remained  free  from  yelloAv  feA^er 
during  the  first  half  of  the  nineteenth  centuiy,  experienced  tAvo  outbreaks — 
one  in  1850,  and  the  other  in  1856-57,  after  the  disease  had  established 
itself  in  Rio,  a port  Avith  Avhich  Lisbon  is  in  constant  communication. 
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A few  outbreaks  of  a limited  kind  have  occurred  in  Fi-ance — that  of  8t. 
Nazaire  in  18G1,  which,  having  been  very  carefully  observed  and  recorded, 
is  of  considerable  etiological  interest  {vide  p.  330). 

The  only  instance  in  which  yellow  fever  can  be  said  to  have  effected 
a lodgment  on  our  shores  was  in  186.0,  when  the  infection  was  introduced 
into  Swansea  from  Cuba.  Its  attacks  were  restricted  to  those  who  had 
been  in  direct  communication  with  the  infected  vessel  or  who  lived 
within  two  hundred  yards  of  the  spot  where  she  was  berthed  ; in  all 
the  cases  numbered  thirty,  and  the  deaths  seventeen  (4). 

The  extensions  of  yellow  fever  from  the  Senegambia  coast  have  been 
few,  and  limited  mainly  to  the  AVest  African  Islands.  A veiy  remark- 
able epidemic  of  what  appears  to  have  been  true  yellow  fever  occurred  in 
1891-92  at  various  military  po.sts  in  Upper  Senegal,  750  miles  from 
the  coast,  at  a time  when  it  was  absent  from  the  coast  region,  and  had 
not  been  seen  in  Upper  Senegal  for  ten  years.  The  natives  at  the  .same 
time  appear  to  have  been  suffering  from  some  epidemic  disease,  the 
nature  of  which  was  not  sufficiently  investigated.  This  incident  recalls 
to  our  mind  Pym’s  doctrine  that  j^^ellow  fever  is  a disease  of  the  interior 
of  Africa,  where  he  believed  it  to  exist  in  a modified  fonn  among  the 
nativ'C  races. 

Endemic  and  Epidemic  Characters.-  -The  conditions  nece.s.sary  for 
the  endemicity  of  yellow  fever  are  (a)  a winter  temjjerature  of  about 
68°  F. ; (b)  the  presence  of  the  imsect  host;  (c)  a supply  of  susceptible 
sul)jects. 

Epidemics  of  yellow  fever  are  of  three  kinds — (a)  autochthonous, 
occurring  in  endemic  areas ; (b)  exotic,  from  the  introduction  of  the 
disease  into  localities  outside  its  endemic  habitats  ; (c)  non-2)roj)agable 
outbi’caks  beyond  the  range  of  its  insect  host. 

Autochthonous  epidemics  continue  throughout  the  whole  year,  and 
persist  until  the  supply  of  susceptible  subjects  is  exhausted.  Exotic 
epidemics,  on  the  other  hand,  are  ai’restcd  l^y  the  aj^proach  of  winter, 
and  fresh  outbi-eaks  depend,  as  a rule,  on  a new  importation  of  the  virus. 
Tlie  introduction  of  a yellow  fever  patient  in  the  early  stage  of  the  disease 
into  a town  in  the  exotic  zone  Avhere  the  stegomyia  exists  is  sufficient  to 
start  an  epidemic.  As  nou-propagable  outbreaks  occur  outside  the  range 
of  the  Stegomyia  faxeiata,  the  introduction  of  a yellow  fever  patient  into 
such  a locality  cannot  give  rise  to  a spi-eading  infection.  Non-propagable 
outl)reaks  are  caused  by  infected  mosquitoes,  and  oidy  those  exposed  to 
their  bites  suffer.  These  distinctioms,  although  hitherto  overlooked,  are 
real  and  ini])ortant. 

AVhen  yellow  fever  is  introduced  by  a person  suffering  from  the 
disease  into  a locality  where  the  stegomyia  is  present,  from  twelve  to 
fourteen  days  elapse  befoi-e  )iew  cases  occur,  and  these  appear  in  the 
house  of  the  patient  or  its  immediate  iieighoourhood.  An  instance  is, 
howevei',  recorded  by  Brj^son  in  which  the  interval  appears  to  have  been 
only  ten  days.  AAdien,  on  the  other  hand,  the  disease  is  introduced 
by  infected  mosquitoes  it  manifests  itself  within  a few  days,  and  exclu- 
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sivoly  among  those  exposed  to  their  bites,  and  secondary  cases  appear 
after  a fortnight,  and  it  may  be,  in  iliH'erent  parts  of  the  town.  Tlie 
disease  then  spreads  with  a rapidity  proportional  to  the  density  of  the 
susceptible  population,  the  luimber  of  stegomyia,  the  freedom  of  inter- 
course between  the  healthy  and  the  sick,  the  degree  of  temperature  at 
the  time,  the  extent  of  ovei'crowding,  and  the  want  of  free  ventilation. 
Insanitary  conditions,  so  common  in  the  districts  of  seaports  adjoining 
harbours  and  wharves,  such  as  collections  of  surface-water,  stagnant 
gutters,  and  foul  drains,  favour  its  s[)read  and  increase  its  malignancy. 
The  dni-ation  of  an  epidemic  is  partly  determined  by  these  local  condi- 
tions, partly  by  the  weather,  and  the  number  of  susce})tible  subjects,  but 
hirgely,  also,  by  the  season  of  the  year  at  which  the  infection  is  introduced, 
aiul  to  some  extent  by  the  type  of  the  particular  outbi-eak. 

Virus  and  Modes  of  Transmission. — Fiiday  of  Havana,  so  far  back 
as  1881,  formulated  the  hypothesis  that  the  virus  of  yellow  fever  is 
inoculated  by  the  Culex  mosquito.  His  views,  which  underwent  various 
modifications,  failed  to  attract  attention,  until  the  demonstration  by  Pro- 
fessor Konald  Poss  of  the  agency  of  the  anopheles  in  the  transmis.sion  of 
malaria  removetl  the  a priori  imjuobabilities  that  had  before  militated 
against  the  serious  examination  of  the  hypothesis.  All  researches  were 
up  till  then  directed  to  the  discovery  of  a bactei'ial  virus.  It  Avould  be 
tedious  to  enumerate  the  A'arious  micro-organisms  that  were  from  time 
to  time  announced  as  the  virus  of  yellow  fever.  Sanarelli’s  BacUhis 
irteroides  had  l.)etter  claims  for  consideration  than  most  of  them,  as  it  is 
undoubtedly  present  in  a certain  proj)ortion  of  the  cases,  and  is,  more- 
over, capable  of  giving  rise  in  man  and  several  of  the  lower  animals  to 
some  of  the  more  characteristic  symptoms  and  lesions  of  yellow  fever. 
If  I refer  to  it  now,  it  is  because  this  bacillus  when  present  may,  after- 
all,  be  found  to  play  a subordinate  but  not  insignificant  part  as  a micro- 
organism of  secondary  infection  in  aggravating  the  character  of  the 
, disease. 

An  American  commission,  appointed  in  1900,  consisting  of  Peed, 
Carroll,  Agramonte,  and  Lazear,  took  up  the  investigation  of  yellow  fever 
on  new  lines,  anrl  proved  the  inoculability  of  the  disease  fry  the  blood  of 
yellow  fever  patients,  its  transmissibility  by  the  Stegomyia  fasciata,  and 
confirmed  experimentally — what  experience  had  already  taught — the 
non-communicability  of  the  infection,  in  ordinai-y  circumstances,  by  bed- 
ding and  clothing  soiled  with  the  dejecta  of  yellow  fever  patients.  The 
results  arrived  at  by  this  commission  have  been  abundantly  confii-med  by 
Guiteras,  Pibas  and  Lutz,  Parker,  Beyer,  and  Pothier,  and  by  the  French 
Commission  in  Brazil  (12).  It  will  be  sufficient  here  to  state  in  the 
fewest  words  the  facts  which  have  been  established  by  these  researches, 
and  then  to  notice  certain  points  which  still  remain  unsettled. 

A.  1.  The  virus  of  yellow  fever  is  ])resent  in  the  blood  during  the 
first  three  days  of  the  fever.  It  is  generally  absent  from  the  fourth  day 
I of  the  disease,  even  when  the  fever  l emains  high.  Whether  it  is  present 
I in  the  blood  during  relapses  is  still  uncertain. 
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2.  The  inoculation  of  the  blood  of  a yellow  fever  patient,  during  the 
first  three  days  of  the  sickness,  whether  fresh,  defibrinated,  or  filtered 
through  a Berkefeld  laboratory  filter,  gives  rise  to  the  disease  in  the 
susceptible.  The  microbe  also  passes  through  the  Chamberland  porcelain 
filter  F.,  but  seems  to  be  arrested  by  the  filter  B. 

3.  The  serum  heated  for  ten  minutes  at  55°  C.  (according  to  the 
French  Commission  for  five  minutes)  loses  its  virulence ; and  the  same 
result  is  found  to  follow  keeping  the  serum  in  a test-tube,  plugged  with 
cotton- wool,  for  forty-eight  hours  in  the  dark,  and  at  a temperature  of  24° 
to  30°  C. ; but  the  serum  retains  its  virulence  for  five  days  when  preserved 
under  oil  or  vaseline, 

4.  Small  quantities — 2 e.c.  to  OT  c.c. — of  yellow  fever  blood,  injected 
hypodermically,  suffice  to  give  rise  to  an  attack. 

5.  A drop  of  virulent  serum  applied  to,  and  left  to  dry  on,  a square 
centimetre  of  excoriated  skin  failed  to  })roduce  the  disease. 

6.  Some  experiments  indicate  that  virulent  serum  heated  to  55°  C. 
for  five  minutes,  and  the  senmi  of  convalescents,  possess  the  property  of 
preventing  the  infection  or  of  rendering  it  milder.  The  latter  appears 
farther  to  have  a therapeutic  action.  These  results,  however,  require 
confirmation. 

7.  The  laboratory  animals  hitherto  experimented  on,  including  five 
species  of  apes,  have  proved  refractory  to  blood  inoculations. 

The  fact  that  yellow  fever,  like  malaria,  is  communicable  by  inocu- 
lation, suggests  that  it  also  is  noi-mally  transmitted  by  the  agency  of  some 
suctorial  insect. 

B.  1.  The  cardinal  fact,  viz.,  that  the  Stegomyia  fasciuta  fed  on  yellow 
fever  blood  is  an  agent  of  infection  has  been  placed  bc3’ond  doulit  Ijy 
repeated  and  carefully  conducted  experiments.  The  onl^^  point  open  to 
discussion  is  Avdiether  yellow  fever  is  solely  propagated  in  this  way.  That 
it  is  normall}'^  transmitted  by  the  stegomyia  is  certain.  The  bite  of  one 
mosquito  has  proved  sufficient  to  cause  ^mllow  fever. 

2.  The  disease  conve^md  by  the  mosquito  is  true  yellow  fever,  exhibit- 
ing the  characteristic  symptoms  of  the  malady,  and  running  a normal 
course  iu  a mild,  severe,  or  fatal  form. 

• 3.  The  mosquito  fed  on  jj-ellow  fever  blood  is  not  capable  of  giving 
rise  to  the  infection  until  after  the  lapse  of  twelve  or  fourteen  days. 
Experiments  with  insects  fed  from  two  to  ten  days  have,  hitherto,  proved 
negative.  The  infected  mosquito  has  communicated  yelloAv  fevei-  fifty- 
seven  days  after  contamination,  and  there  is  reason  to  believe  that  it  is  more 
virulent  after  it  has  been  contaminated  for  a considerable  time,  especially 
if  kept  at  a temperature  of  27°  or  28°  C. 

4.  The  bite  of  the  infected  mosquito  does  not  necessarily  cause 
yellow  fever.  About  35  to  40  per  cent  of  experiments  of  this  kind  prove 
negative. 

5.  Marchoux  and  Simond  appear  to  have  established  the  transmission 
of  the  virus  of  yellow  fever  to  a new  generation  of  insects.  In  Febi-uary 
1905  the  eggs  of  a stegomyia,  aged  tAventy  days,  Avhich  had  been  fed  on 
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several  yellow  fever  patients  were  hatched,  and  after  their  metamorphosis 
the  insects  were  fed  on  glucose  for  fourteen  days.  On  the  2nd  March 
two  of  these  stegomyias  were  made  to  bite  a susceptible  person  newl}'’ 
arrived  in  Brazil  from  Portugal,  and  who  was  not  exposed  to  the  infection. 
No  reaction  followed.  The  same^)erson  was  bitteji  again  by  one  of  these 
two  mosquitoes  on  the  10th  of  March.  Four  days  later,  viz.,  on  the 
14th,  the  subject  of  the  ex})eriment  was  seized  with  fever  and  went 
through  a mild  but  typical  attack,  — the  vomiting,  pains,  march  of 
temperature,  and  icterus  were  quite  characteristic.  After  the  patient 
recovered  he  was  repeatedly  bitten  by  infected  mosquitoes,  l)ut  proved 
immune.  It  will  be  observed  that  the  subject  of  this  experiment  was 
twice  bitten,  and  it  was  only  after  the  irisect  was  fed  on  blood  that 
infection  took  jdace.  Another  point  to  be  noticed  is  that  the  experi- 
mental disease  was  of  a mild  type,  possibly  owing  to  an  attenuation  of 
the  vii'us  in  its  passage.  Previous  experiments  of  this  kind  proved 
negative,  and  the  precise  conditions  under  which  the  virus  is  so  trans- 
mitted are  still  unknown. 

C.  The  virus  of  yellow  fever  has  not  been  discovered  either  in  the 
blood  of  the  patient  or  in  the  body  of  the  mosquito.  It  apparently 
belongs  to  the  nltra-microscopic  class  of  parasites.  That  it  is  a parasite 
may  be  safely  inferred  from  the  analogy  of  other  infective  diseases. 
From  the  fact  of  its  alternate  passage  through  a vertebrate  and  insect 
host,  and  that,  like  the  jiarasite  of  malaria,  it  requires  a certain  time  for 
its  development  in  the  mosquito,  it  is  pi'obable  that  it  belongs  to  the 
protozoa.  There  is  no  reason  to  suppose  that  it  is  a parasite  of  the  blood- 
corpuscles.  The  view  that  the  virus  is  of  the  nature  of  a toxalbumose, 
as  suggested  by  Treille,  is  altogether  inadmissible. 

1).  It  has  not  been  proved  that  the  bite  of  an  infected  mosquito  is 
the  only  way  in  which  the  disease  is  conveyed  to  man,  nor  that  the 
mosquito  can  derive  the  infection  from  any  source  other  than  a yellow 
fever  patient ; but  no  other  mode  of  conveying  or  acquiring  the  infection 
is  known.  The  question  of  the  transmissibility  of  the  virus  beyond  the 
second  generation  of  mosquitoes  is  undecided ; and  there  is  no  evidence 
for  or  against  the  existence  of  an  extra-corporeal  phase  in  the  life 
of  the  parasite. 

Etiology. — ^^"e  shall  first  notice  some  of  the  etiological  pecnliaritics 
which  distinguish  yellow  fever  from  other  epidemic  diseases,  and  then 
consider,  more  briefly,  other  factors  which  enter  into  its  causation. 

1.  Yellow  fever  is  notably  a disease  of  seaports  aiid  rimr-p>orts.  It  is  in 
seaports  that  it  is  endemic ; from  these  it  spi'cads,  and  in  these  the  great 
epidemics  occur.  The  instances  of  yellow  fever  outbreaks  in  iidand 
■ localities  are  comparatively  rare ; some  of  these  have  already  been 
. noticed,  as,  for  example,  its  spread  to  inland  towns  of  Sjiain  in  1 800-4  ; 
dts  outbreak  in  the  hinterland  of  Senegal  in  1891-92,  and  its  appearance 
in  Madrid  in  1878.  In  the  severe  epidemics  of  1873  and  1878  iii  the 
United  States,  yellow  fever  shewed  a tendency  to  invade  localities  at 
some  distance  from  sea  and  river.  In  recent  years,  since  railway 
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comnuuiications  have  been  opened  up  between  yellow  lever  ports  and  the 
interior,  instances  of  this  kind  have  become  more  numerous.  Strain 
informs  us  that  the  disease  has  spread  inland,  in  Brazil,  along  the  line  of 
i-ailway  to  places  hundreds  of  miles  from  the  coast,  and  that  the  town  of 
S.  Carlos,  along  way  in  the  interior,  hijs  been  decimated  on  more  than 
one  occasion.  But  it  is  doubtful  whether  yellow  fever  will  succeed  in 
establishing  itself  in  the  interior  of  continents,  and  whether  the  train 
can  replace  the  ship  as  a vehicle  of  its  diffusion. 

The  predilection  of  yellow  fever  for  seaports  is  due  to  three  factors — 
(a)  the  ])revalence  in  these  of  the  Stegomyia  fasciata ; {h)  the  constant 
arrival  of  sailors  and  passengers  from  countries  outside  the  yellow  fever 
zone,  who  are  therefore  specially  susceptible ; and  (c)  the  opportunities 
they  afford  for  the  introduction  of  the  malady  by  the  circumstance  of 
their  intercourse  with  infected  places.  To  realise  the  great  im])ortance 
of  the  second  of  these  factors,  it  is  sufficient  to  recall  that  the  widesi)read 
series  of  outbreaks,  extending  from  1793  to  1804,  of  which  the  first 
epidemics  in  Spain  in  the  nineteenth  century  were  episodes,  were  started 
and  kept  going  by  the  presence  in  the  West  Indian  waters  of  the  fleets 
and  troops  of  different  nationalities,  the  occupation  of  islands  where  the 
disease  was  latent  or  active  by  large  bodies  of  unacclimatised  soldiers 
and  sailors,  and  the  migrations  of  the  civil  population  from  one  place  to 
another  on  account  of  military  and  revolutionary  movements. 

2.  Since  yellow  fever  is  a disease  of  seaports,  it  follows  that  it  is 
mainly  restricted  to  loio  altitude.i^.  No  definite  altitudinal  limits  can  be 
assigned  to  its  spread.  These  will  depend  on  the  existence  or  non- 
existence in  a locality  of  conditions  compatible  with  the  temporary  or 
j)crmanent  presence  in  it  of  the  stegomyia  and  its  proximity  to  an 
infected  port.  Temperature  is  here  the  chief,  but  not  the  sole  deter- 
mining element.  Petropolis,  near  Rio  de  Janiero,  at  an  elevation  of  2300 
feet,  with  a mean  winter  minimum  temperature  of  20°  C.,  has  remained 
completely  exempt,  notwithstanding  that  a large  portion  of  the  popula- 
tion spends  the  day  in  the  city,  returning  home  at  night.  Cases  are 
frequently  imported,  but  the  disease  does  not  spread,  the  stegomyia  being 
absent.  St.  Paulo,  on  the  other  hand,  to  the  south  of  Rio,  at  an  eleva- 
tion of  2000  feet,  with  a mean  minimum  of  16T°,  has  lately  siiffered 
from  somewhat  severe  outbreaks.  Newcastle,  1ti  Jamaica,  at  an  elevation 
of  4000  feet,  has  had  two  visitations — one  in  1856,  and  another  in  1867. 
Humboldt  fixed  the  limits  of  the  vomito  on  the  slopes  of  the  IMexican 
Sierras  at  3243  feet,  but  in  1902  it  appeared  in  villages  neai‘  Orizaba 
and  Jalapa  at  elevations  of  4108  to  4330  feet — the  highest  point  at 
which  noil-imported  cases  have  been  observed — and  it  is  stated  that  the 
appeai-ance  of  the  fever  in  these  places  was  heralded  by  the  advent  of 
the  stegoni3u’a.  It  is  not,  howeA'er,  to  be  too  hastily  concluded  that 
yellow  fever  can  maintain  itself  and  become  in  any  sense  endemic  at  these 
altitudes. 

3.  Another  peculiarity  of  yellow  fever  is  its  limitation  to  towns,  and 
generally  to  towns  of  some  considerable  size.  In  this  respect  it  differs 
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from  malaria,  Avhich  is  more  a rural  than  an  urban  disease.  La  Koche,  in 
speaking  of  Charleston,  says  : — “ The  inhabitants  of  the  surrounding 
country  are  sorely  afflicted  in  certain  seasons  with  remittent  and  inter- 
mittent fevei’s.  To  escape  these  they  take  shelter  in  the  city,  where 
such  complaints  do  not  prevail,  but  here  they  encounter  the  yellow  fever, 
which,  in  its  turn,  never  extends  beyond  the  limits  of  the  city.”  Yellow 
fever,  it  is  true,  is  occasionally  imported  into  villages  situated  near  in- 
fected ports,  and  spreads  in  them,  but  it  has  never  been  known  to  become 
diffused  to  any  extent  in  purely  rural  districts.  This  remarkable  differ- 
ence between  the  habitats  of  yellow  fever  and  malaria,  no  doubt,  depends 
upon  the  distribution  and  habits  of  their  respective  hosts.  But  yellow 
fever  is  not  only  confined  to  towns,  but  is  often  limited  to  a certain 
quarter  of  a city.  The  more  elevated,  airy,  and  hygienic  districts  fre- 
quentl}'  escape  altogether,  or  are  less  severely  visited,  while  the  shore 
districts  are  being  decimated.  Bryson,  referring  to  Freetown,  in  Sierra 
Leone,  remarks  that  “the  upper  part  of  the  town  and  the  barracks  where 
many'  Europeans  lived,  between  whom  and  the  infected  part  there  was 
constant  communication,  entirely  escaped.  The  line  of  demarcation 
was  as  complete  as  if  it  had  been  marked  by  an  impassable  barrier.” 

4.  YTllow  fever  is  a house  infection.  It  is  not  in  the  street  or  the 
market-place  that  the  disease  is  usually  contracted,  but  in  an  infected 
house.  Intercourse  with  the  sick  is  free  from  danger.  It  is  the  sick-room, 
where  the  stegomyia,  which  is  the  common  soui’ce  of  infection,  lurks. 
The  frequently  repeated  assertion  that  yellow  fever  is  not  propagated  in 
hospitals  is  contrary  to  fact.  A hospital  is  a house,  and,  like  any  other 
hou.se,  is  liable  to  become  infected.  An  infected  house,  i.e.  one 
harbouring  infected  mosquitoes  (not  necessarily  a yellow  fever  patient), 
is  a danger  to  its  inmates,  hence  the  frequency  of  multiple  cases  in  a 
family.  Sometimes  a house  becomes  a veritable  lethid  chamber  for  all 
who  live  in  or  enter  it.  An  instance  is  recorded  in  connexion  with  one 
of  the  outbreaks  in  Spain,  in  which  seventeen  persons  belonging  to  the 
family  of  ^Ir.  Torret,  surgeon,  occupying  one  building,  contracted  the 
disease,  fourteen  of  whom  died.  Every  one,  we  are  told,  who  put  his 
foot  within  this  fatal  dwelling — doctors,  nurses,  priests,  undertakers — all 
were  attacked,  until  at  last  it  was  with  difficulty  that  any  one  coidd  bo 
found  to  enter  it  in  order  to  perform  the  last  duties  to  the  dead.  Cartel’, 
referi’ing  to  the  outbreak  at  Orwood  in  1898,  states  that  “of  forty-six 
persons  non-immune  who  entered  the  house  called  ‘ Cray  Mansion,’  on 
or  after  the  21st  of  August,  forty-five  developed  yellow  fever,  very  few 
having  any  other  exposure.”  The  length  of  time  that  yellow  fever  may 
jiersist  in  a house  is  limited  only  by  the  life  of  the  infected  moscpiitoes, 
which,  according  to  Gniteras,  may  extend  to  100  or  even  154  days,  although 
under  normal  conditions  few  live  beyond  70  days.  In  certain  cii'cnm- 
stances,  still  imperfectly  understood,  the  virus,  as  we  have  seen,  may  be 
transmitted  to  a new  generation  of  insects,  and  this  accounts  for  instances 
in  which  an  ejhdemic  has  reappeared  months  after  it  had  died  out,  without 
it  being  possible  to  refer  it  to  a new  importation  of  the  disease. 
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5.  Yellow  fever  differs  from  most  other  epidemic  diseases  in  respect 
to  the  frequency  with  which  it  breaks  out  in  ships,  the  extent  to  which 
its  diffusion  is  effected  by  maritime  commerce,  and  the  tenacity  and 
persistence  with  which  it  clings  to  an  infected  vessel.  For  us  a j'ellow 
fever  vessel,  like  a yellow  fever  house,  is  one  which  harbours  infected 
mosquitoes.  The  old  wooden  ships  engaged  in  the  sugar,  coal,  and 
timber  trades  were  more  liable  to  develop  yellow  fever  than  modern 
steamships,  which  are  better  kept,  lie  for  a shorter  time  at  infected  ports, 
and  are  not  detained  so  long  in  the  tropics  on  their  homeward  voyage. 
A ship  becomes  infected  by  lying  in  a ])ort  where  yellow  fever  jjrevails, 
or  from  proximity  to  an  infected  vessel  in  port  or  at  sea.  Patients 
suffering  from  yellow  fever  may  contaminate  mosquitoes  present  on 
board,  or  insects  already  infected  may  be  taken  on  board  along  with 
cargo  or  baggage.  Mosquitoes  may  fly  on  board  if  the  vessel  is  close  to 
land  ; be  wafted  on  board  by  the  wind  for  the  distance  of  half  a mile  at 
least,  or  transported  by  lighters  to  a vessel  moored  at  a distance  from 
the  shore.  The  Anne  Marie  at  St.  Nazaire  infected  seven  vessels  lying 
near  and  to  the  leeward  of  her  {vide  p.  330). 

In  Avhatsoever  manner  introduced,  mosquitoes  shew  a preference  for 
certain  quarters  on  board,  which  afford  them  shelter,  warmth,  water,  or 
food.  This  explains  the  frequency  with  which  yellow  fever  is  confined 
to  a particular  part  of  a ship.  They  often  take  up  their  abode  in  the 
engine-room  or  galley  for  warmth.  In  sugar  ships  the  hold  is  naUirally 
their  favourite  food  resort.  The  presence  of  water  attracts  them. 
Dunlop  mentions  that  on  a submarine-cable  vessel,  the  cable  hands,  Avho 
slept  between  decks  on  a level  with  and  close  to  the  openings  of  two 
large  tanks  in  which  the  water  covering  the  cable  was  contained,  were 
practically  the  only  sufferers.^  Occasional!}'’  they  hide  themselves  behind 
boardings,  or  in  some  obscure  place  from  w'hich  they  only  issue  by 
night  or  when  disturbed.  When  the  infected  insects  are  confined  to 
the  hold,  no  case,  or  only  a few  cases,  may  occur  during  the  voyage, 
yet,  when  the  hatches  are  opened  for  the  discharge  of  the  cargo, 
those  engaged  in  this  work,  or  otherwise  employed  on  or  near  the 
vessel,  are  attacked.  Instances  of  this  kind  are  A^ery  numerous.  M'hen 
infected  insects  are  secreted  behind  boardings  the  result  is  somewhat 
different.  In  the  case  of  the  Uonasiierra,  Avhich  infected  the  town  of 
Port  du  Passage  in  1823,  there  Avas  no  disease  on  board  on  arrival,  or 
for  Aveeks  before.  The  cargo  Avas  discharged  Avithout  accident,  and  it 
Avas  only  Avhen,  a fortnight  later,  carpenters  began  to  remove  some 
decayed  planks  on  the  side  of  the  vessel  that  the  infection  Avas  let  loose, 
as  from  a Pandora’s  box,  upon  those  employed  on  or  living  near  Avhere 
she  was  lying.  Exactly  the  same  thing  occurred  on  board  La  Heine 
Victoria  in  t\\Q  port  of  Guayaquil  in  1842.  If  the  stegomyia  has  access 
to  Avater,  its  life  on  board  may  be  prolonged  for  a period  of  tAvo  or  three 
months,  and,  as  the  mosquito  is  capable  of  breeding  on  board,  a new 

^ In  this  article  a marvellous  anticijMition  of  the  mode  in  which  yellow  fever  is 
proi)agated  Avill  be  found. 
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generation  will  have  an  opportunity  of  heeoniing  infected  when  a 
snccession  of  cases  of  yellow  fever  haj^pen  to  occur  at  intervals  during 
the  voyage,  and  in  this  way  the  infection  is  maintained  beyond  the  life- 
si)an  of  a single  generation.  It  is  extremely  difficult  to  explain  the 
swarms  of  infected  insects  that  must  have  been  present  in  some  vessels 
in  order  to  account  for  the  numbers  attacked,  unless  on  the  supposition 
that  they  had  been  bred  on  board. 

A healthy  port  is  contaminated  by  the  introduction  of  a yellow  fever 
patient  or  infected  mosquitoes  in  all  the  ways  in  which  a vessel  is  infected  ; 
but  neither  the  patient  nor  the  mosquito  can  give  rise  to  an  epidemic, 
properly  so  called,  unless  the  stegomyia  is  a native  of  the  locality. 
Outside  the  limits  to  which  the  stegomyia  extends,  the  importation  of 
the  infection  can  only  give  rise  to  what  we  have  called  non-propagable 
outbreaks. 

l\Iany  remarkable  illustrations  could  be  given  of  the  tenacity  with 
which  the  infection  clings  to  a vessel.  Thus,  the  crew  of  the  barque 
Husliiison  at  Sieri’a  Leone  were  nearly  all  carried  off  with  yellow  fever  in 
the  early  part  of  1837,  leaving  the  vessel  in  the  harbour  destitute  of 
hands  for  the  si)ace  of  three  months,  during  which  time  the  fever  had 
ceased  in  the  Colony.  When  at  the  end  of  September  fresh  hands  were 
induced  by  high  wages  to  take  her  home,  no  sooner  did  they  go  on 
board  the  derelict  vessel  than  they  were  seized  with  yellow  fever,  and 
set  agoing  a fresh  outbreak  in  the  Colony.  The  Portuguese  emigrant 
ship  Maria  da  Gloria,  contaminated  at  Kio  de  Janeiro  in  1874,  had  cases 
during  her  voyage  to  Lisbon,  where  she  was  put  in  cpiarantine  and 
remained  many  weeks.  On  her  return  voyage  to  llio  a very  severe 
outbreak  of  yellow  fever  occurred  on  board.  Two  other  better-known 
instances  that  have  been  the  subject  of  much  discussion  Avill  be  presently 
noticed. 

6.  Yellow  fever  is  par  excellence  a disease  of  warm  climates,  and  of  the 
warmest  months  in  the  countries  Avhere  it  is  endemic.  We  know  of  no 
other  infection,  the  geographical  range  and  seasonal  prevalence  of  which 
are  so  clearly  determined  by  temperature.  Yellow  fever  can  only  main- 
tain itself  ])ei’cnnially  where  the  mean  temperature  of  the  coldest  months 
reaches  20°  C.  AVithin  the  endemic  zone  it  is  in  the  warm  months  that 
it  assumes  epidemic  proportions,  although  its  maximum  prevalence 
does  not  coincide  with,  but  follows,  the  maximum  tem])crature.  In 
the  exotic  zone,  including  the  Mid-Atlantic  States  of  the  Union,  Spain, 
and  Portugal,  yellow  fever  does  not  assume  an  epiden)ic  form  until  the 
day  temperature  has  stood  at  26°  or  27°  C.  for  some  consideralde  time; 
but  once  the  disease  has  declared  itself,  it  will  continue  to  ]>revail  at  a 
much  lower  temperature  than  that  necessary  for  its  development.  A 
rapid  fall  of  the  thermometer  is  followed  by  an  al>atement  of  the  epidemic, 
which  becomes  extinct  when  the  temperature  has  fallen  to  freezing-point, 
although  sj)oradic  cases  may  still  continue  to  occur  for  some  time.  The 
recurrence  of  fresh  cases  in  the  succeeding  spring  or  summer,  wdthout 
any  evidence  of  fresh  importation,  as  was  sometimes  observed  in  Spain, 
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shows  that  infected  insects  or  their  progeny  can  survive  the  winter  of 
temperate  climates.  The  relation  of  yellow  fever  to  a high  temperature 
depends  on  the  fact  that  the  evolution  of  the  stegomyia  is  accomplished 
more  rapidly  when  the  temperature  is  high.  Their  multiplication  is  thus 
facilitated,  and  it  seems  probable  also,  from  sundry  observations,  that  they 
bite  more  readily,  and  that  their  bite  is  more  virulent  when  the 
temperature  exceeds  26°  C. 

Moderate  rains  alternating  with  periods  of  drought  and  sultry  humid 
weather  promote  the  epidemic  prevalence  of  yellow  fever.  Heavy  rains, 
on  the  other  hand,  check  its  progress,  Imt  the  effect  of  rainfall  depends 
largely  upon  the  soil  and  drainage  of  a locality. 

7.  Soil. — Severe  outbreaks  of  yellow  fever  have  .so  frequently  coincided 
with  e.xtensive  disturbance  of  the  soil  as  to  suggest  a causal  relation 
between  the  two.  This  coincidence,  to  mention  only  a few  cases,  was 
observed  at  Natchez  in  182.3,  1837-39,  and  18-53,  and  at  Charleston  in 
1842,  1852-54.  Dr.  Barton  asserts  that  there  has  been  no  great  epidemic 
of  yellow  fever  in  New  Orleans  except  when  there  have  been  extensive 
excavations  of  streets  or  canals.  Kermorgant  tr:ices  the  epidemic  out- 
breaks in  Upper  Senegal  in  1891-92,  and  again  in  1897,  to  the  same 
cause.  In  the  same  way  he  shews  that  the  outbreaks  of  yellow  fever  at 
Urand  Bassam,  and  that  at  Dakar  in  1892,  coincided  with  extensive 
upturning  of  the  soil  in  these  toAvns.  Dr.  Izett  Anderson  remarks  that 
the  soil  has  been  extensively  turned  up  on  three  occasions  during  the 
past  twenty-five  years  at  Kingston,  Jamaica,  viz.,  in  1872-73,  1876,  and 
1879,  and  on  each  of  these  occasions  there  has  been  a severe  outbreak  of 
yellow  fever.  The  connexion  between  these  outbreaks  and  soil  disturb- 
ance may  be  due  to  the  creation  of  numerous  larger  or  smaller  depres- 
sions, which  become  filled  with  water  and  form  breeding-places  for  the 
stegomyia.  Further  observation  must  decide  whether  this  is  a full 
explanation  of  the  phenomenon. 

8.  ii’are.  Residence,  Acclimatisation. — The  white  races  are  most  sus- 
ceptible to  yellow  fever,  and  in  them  it  also  assumes  its  most  severe  forms. 
The  natives  of  the  south  of  France,  Italy,  and  Spain  offer  greater  resist- 
ance to  the  infection  than  those  of  the  north  of  Europe.  Arab  soldiers 
from  Algeria  have  been  found  in  Senegal  and  Mexico  to  be  about  equally 
susceptible  as  natives  of  the  south  of  Europe.  The  American  Indian  is 
apparently  little  less  liable  than  the  Euroi)ean  to  yellow  fever.  The 
Chinese,  on  the  other  hand,  ai'e  more  resistant  than  white  men.  Nelson, 
who  had  a large  practice  among  the  Chinese  merchants  at  Panama 
when  the  work  on  the  canal  was  going  on  and  yelloAv  fever  was 
})revalent,  did  not  see  or  hear  of  a case  among  them,  and  others  have 
recoi'ded  a similar  experience.  The  circumstances  of  a community 
have,  however,  to  be  taken  into  account.  It  is  doubtful  if  the  Chinese 
at  Panama  would  have  escaped,  as  they  did,  if  they  had  been  employed 
as  labourers  on  the  canal.  At  any  rate,  in  other  places  and  circun.» 
stances,  the  Chinese  have  succumbed  to  the  disease  in  considerable 
numbers.  The  negro  race  exhibits  the  most  marked  resistance  to  the 
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infection.  In  milil  epidemics  negroes  often  escape  entirely;  in  severer 
outbreaks,  they  are  less  liable  to  contract  the  disease  than  the  whites, 
and,  when  they  happen  to  do  so,  have  it  in  a milder  form.  In  the  severe 
epidemic  at  Decatur  in  1878,  the  case-mortality  among  the  white  popu- 
lation was  44  per  cent,  that  of  the  negroes  13  ])cr  cent.  Here  both 
races  were  living  under  the  same  climatic  conditions  and  equally  ex- 
posed to  infection.  Negroes  who  have  been  born  and  brought  up  in 
cold  latitudes  are  somewhat  more  susceptible  than  those  living  in  the 
ti'opics.  There  are  probably  different  degrees  of  resistance  among  the 
various  tribes  of  negroes,  just  as  there  are  different  degrees  of  suscepti- 
bility among  the  whites.  A body  of  500  Xnl)ians  and  Sudanese,  which 
accompanied  the  French  expeclition  to  IMexico  in  1862,  remained 
absolutely  immune  while  the  French  and  IMexican  troo})S  were  being 
decimated  bj"  yellow  fever.  As  yellow  fever  is  unknown  in  Nubia  and 
the  Sudan,  this  extraordinaiy  insusceptibility  cannot  have  been  owing 
to  their  having  passed  through  the  disease  in  infancy,  nor  is  it  to  lie 
ascribed  to  the  fastidiousness  of  the  stegomyia  in  refusing  to  feed  on  the 
negi'o,  for  the  French  Commission  to  Brazil  found  that  although  the 
insect  does  shew  a preference  for  the  white  man,  especially  for  the  j^onng 
and  vigorous,  with  a delicate  skin  and  fair  comj)lexion,  it  will,  neverthe- 
less, readily  enough  attack  the  negro,  if  no  white  man  be  at  hand. 
We  must  conclude,  therefore,  that  this  immunity  is  principally  due  to 
the  presence  of  some  protective  substances  in  the  blood  of  the  negro 
race.  As  regards  mulattoes,  the  statement  of  La  Boche  to  the  eh'ect 
that  the  least  mixture  of  white  blood  with  the  black  increases  suscepti- 
bility, and  that  the  danger  is  in  proportion  to  the  amount  of  white  blood 
in  the  mixture,  is  borne  out  by  experience. 

The  influence  of  residence  in  a yellow  fever  locality  in  diminishing  the 
susceptibility  of  the  white  race  is  another  remarkable  feature  in  the 
etiology  of  the  disease.  It  is  only  in  very  severe  outbreaks  that  the 
, adult  white  native  is  attacked,  and  this  is  even  then,  upon  the  whole 
rare ; white  children,  on  the  other  hand,  so  long  as  they  belong  to  the 
class  of  “ newcomers,”  are  liable  to  contract  the  infection,  but  they 
usually  have  the  disease  in  a very  mild  form. 

A residence  for  a number  of  years  in  a town  Avhei-e  yellow  fever  is 
endemic  or  frecjuently  epidemic  confers  on'  the  stranger,  in  a minoi- 
I degree,  the  insusceptibility  of  the  white  native ; but  this  holds  good  only 
I for  those  who  actually  reside  in  the  focus  of  infection.  Those  who  dwell 
in  the  neighbouring  country,  or  who  take  refuge  there  during  epidemics, 
are  nearly  as  liable  as  strangers  to  contract  the  disease  if  exposed  to  it. 
The  length  of  residence  necessaiy  to  afford  protection  will  vaiy  according 
to  the  fi'equency  with  which  the  infection  appears  in  the  place.  Tori'es 
Homen  found  that  in  Rio,  where  the  disease  is  endemic,  GG'7  per  cent  of 
cases  in  foreigners  occurred  in  those  whose  residence  was  under  a yeai’ ; 
29T  per  cent  in  those  who  had  lived  le.ss  than  four  years  in  the  town, 

I and  only  4 "2  per  cent  in  those  who  had  more  than  four  years  sojourn 
These  figures  agree  fairly  well  with  those  of  Key  and  Lota,  and  may  be 
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taken  as  an  approximate  numerical  statement  of  the  ratio  of  susceptibility 
to  length  of  residence.  The  <luration  of  immunity,  whether  acquired  by 
birth  or  residence,  is  in  most  cases  lifelong,  but  not  invariably  so.  It 
has  ha])pened  that  the  native  of  a yellow  fever  locality  who  has  lived  for 
a number  of  years  in  a cold  climate  has  had  a fatal  attack  on  returning 
to  his  native  town.  But  apart  from  change  of  residence,  the  immunity 
of  residence  is  not  necessarily  complete,  so  as  to  ensure  safety  in  all  circum- 
stances. An  individual  may,  indeed,  live  for  years  in  an  infected  town, 
provided  he  inhabits  a quarter  not  visited  by  the  disease,  without  acquir- 
ing any  real  immunity  ; and,  in  this  case,  whether  he  goes  abroad  or 
stays  at  home  he  is  liable  to  be  seized  dui'ing  a severe  epidemic.  If  the 
insusceptibility  acquired  by  birth  or  residence  were  sim2)ly  a matter  of 
acclimatisation,  those  living  in  the  immediate  vicinity  of  an  infected  city 
should  share  in  it  equally  with  those  who  live  within  its  limits  ; but  this, 
as  we  have  seen,  is  not  the  case.  The  immunity  of  the  native,  in  its  highest 
degree,  is  acquired  by  having  passed  through  a mild  form  of  the  disease 
in  infancy.  The  immunity  of  the  stranger,  who  has  resided  for  .some 
years  in  a yellow  fever  town,  is  possibly  the  result  of  repeated  inocula- 
tion of  the  virus  in  doses  insufficient  to  give  rise  to  a recognisable  attack  ; 
and  this  view  is  rendered  probable,  by  the  fact  that  during  an  epidemic 
many  who  escape  the  declared  disease  suffer  from  nausea,  giddiness, 
headache,  constipation,  and  yellowness  of  the  skin,  suggestive  of  an 
abortive  form  of  the  malady.  Acclimatisation,  properly  so  called,  if 
these  views  are  correct,  plays  a smaller  part  than  is  generally  supposed 
ill  conferring  protection  on  natives  and  strangers  of  the  white  race. 
But  the  fact  that  Europeans  belonging  to  the  south  of  Europe  enjoy 
a relative  advantage  compared  to  the  Scandinavian  or  Englishman 
indicates  that  climate  has  a certain  influence  on  susceptibility.  Byni 
remarked  that  the  case-mortality  in  Gibraltar  was  very  small  among 
those  men  of  the  10th  Begiment  who  had  been  quartered  for  some  years 
in  the  East  Indies.  Those  who  had  recently  joined  the  Eegiment,  on  the 
contrary,  suffered  severely.  Of  eight  officers  who  had  been  in  the  East 
Indies  all  recovered.  Of  seven  who  had  not  been  in  the  East  Indies,  live 
died.  The  residence  in  a warm  climate  did  not  appear  to  diminish  the 
liability  to  the  infection,  but  reduced  its  fatality. 

9.  Personal  Conditions  — Occupation.  — Coolcs,  bakers,  blacksmiths, 
engineers  in  steamers,  sugar  manufacturers,  brewers,  and  hatters  have  been 
observed  to  be  particularly  liable  to  suffer  in  exotic  epidemics.  These 
occupations  do  not  appear  to  involve  the  same  risk  in  the  tropics ; is 
it  that  the  artificially  heated  atmosphere  attracts  mosquitoes  in  temperate 
climates  to  the  workshop  in  which  these  trades  are  carried  on  ? Instances 
are  fairly  numerous  in  which  yellow  fever  is  said  to  have  appeared 
first  in  the  houses  of  washei’women  engaged  in  washing  clothes  from 
infected  vessels,  but  few  of  these  are  altogether  free  from  doubt. 
Nothing  is  more  conclusively  pro^•ed  by  the  experience  of  yellow  fever 
hospitals  than  the  immunity  of  those  employed  in  washing  the  linen  of 
the  sick.  Physicians  have  often  paid  a heavy  tribute  to  this  disease. 
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In  Jamaica,  in  1808,  two  assistant  surgeons  and  twenty -one  out  of 
twenty-two  hospital  attendants  were  attacked.  In  Senegal,  in  1830,  of 
twelve  physicians  exposed,  ten  were  attacked  and  six  died,  and  in  1878, 
twenty-two  out  of  twenty-seven  perished.  At  Vera  Crnz,  in  1862,  the 
orderlies  in  attendance  on  the  sick  suffered  out  of  all  proportion  to  the 
rest  of  the  army,  and  had  to  be  replaced  by  the  Nul)ians  who,  as  we 
have  mentioned,  proved  refractory  to  the  disease.  Confessing  priests, 
whose  duties  take  them  to  infected  houses,  have  always  suH'ered  greatly. 
In  severe  epidemics  the  attacks  among  this  class  of  priests  have  varied 
from  80  to  98  per  cent.  Custom-house  officers  and  labourers  employed 
in  discharging  ships  from  yellow  fever  ports  furnish  a large  proportion  of 
victims. 

Age  and  Se.r. — In  the  Lisbon  epidemic  of  1857  it  was  ascertained 
that  of  3466  deaths,  2061  were  males  and  1405  females.  The  age 
distribution  per  1000  was  as  follows: — 

Years— 1-10  11-20  21-30  31-40  41-.50  51-60  61-70  71-80  81-90 

26  116  212  194  166  152  94  31  9 

These  figures  shew  that  yellow  fever  is  more  fatal  to  men  than  to 
women  and  to  adults  than  to  children.  As  it  generally  assumes  a milder 
form  in  women  than  in  men  the  ratio  of  liability  of  the  latter  will  not  be 
so  great  as  that  of  the  mortality. 

Remote  Causes. — Fraser  informs  us  that,  among  the  troops  stationed  at 
Gibraltar,  it  was  observed  that  the  hard  drinkers  and  debilitated  Avere 
those  most  severely  affected.  “Almost  all  the  first  victims  at  Baltimore 
in  1794  were  persons  habituated  to  the  immoderate  use  of  ardent  spirits, 
and  very  feAv  of  them  recovered.”  Excesses  of  all  kinds,  fatigue,  exposure 
to  the  sun’s  rays,  and  depressing  mental  emotions  are  enumerated  as 
entering  into  the  causation  of  yelloAv  fever. 

Second  Attacks. — One  developed  attack  of  the  disease  ensures  immunity 
for  life : exceptions  to  this  rule  arc  extremely  rare.  When  yelloAv  fevei- 
reappeared  at  Gibraltar  in  1813  there  Avere  about  5000  persons  AA’ithin 
the  AA-alls  Avho  had  already  been  affected.  None  of  these,  so  far  as  could 
be  ascertained,  suffered  a second  attack.  On  the  Lombardia  (page  339) 
those  Avho  escaped  Avere  those  Avho  had  already  passed  through  the 
disease  (13). 

Relapses  during  convalescence,  although  not  common,  are  full  of 
danger.  They  are  usually  to  be  traced  to  indiscretions  in  diet  or  ex- 
posure to  cold. 

Incubation. — The  period  of  latency  in  yelloAv  fever  usually  extends 
from  thirty-six  hours  to  four  or  five  day.s,  but  it  may  be  prolonged 
to  a fortnight. 

Transmission  of  the  Virus — By  baggage,  clothing,  and  merchandise. — 
The  American  Medical  Commissions  and  the  French  Mission  to  Brazil 
concur  in  holding  that  yelloAv  fcA'er  is  not  conveyed  by  fomites,  and 
hence  conclude  that  disinfection  of  articles  of  clothing,  bedding,  and 
merchandise  is  unnecessary.  It  has  been  proved  that  clothing,  bedding. 


svsr£j)/  OF  MEDICINE 


328 

etc.,  soiled  with  yellow  fever  discharges  do  not  convey  the  infection,  hut 
it  does  not  follow  that  the  disease  cannot  he  introduced  into  a locality 
hy  mosquitoes  in  baggage  or  some  kinds  of  merchandise.  Infected  mos- 
quitoes are  prohahl}’-  more  frequently  tran.sported  in  these  ways  than  is 
generally  supposed.  As  this  is  a question  not  only  of  scientific  interest 
hut  of  ju'actical  importance,  I shall  briefly  state  the  gi’ounds  on  which  I 
dissent  from  the  sweeping  conclusion  of  these  Commissions.  Strain 
informs  us  that  numerous  cases  of  yellow  fever  had  occurred  prior  to 
1893,  in  St.  Paulo,  in  persons  who  had  contracted  the  disease  elsewhere, 
hut  that  it  did  not  spread.  From  this  we  may  safely  conclude  that  the 
stegomyia  was  then  absent  from  that  locality.  It  was  in  1893  that  the 
disease  first  appeared  among  those  who  had  never  been  out  of  the  city, 
and  in  the  following  circumstances ; A German  had  stored  in  the  lobby 
of  his  house  and  in  the  small  courtyard  at  its  back,  a number  of  cases 
containing  pieces  of  machinery  packed  in  straw.  These  came  by  rail 
from  Santos,  a port  town  fifty  miles  distant,  where  the  disease  was  then 
raging.  Within  a few  days  of  the  opening  of  these  cases,  Strain  was 
called  to  the  son-in-law  of  this  man,  whom  he  found  suffering  from  a 
moderate  attack  of  yellow  fever.  In  all,  four  cases  occurred  in  this 
house — -two  being  fatal.  Next  to  be  attacked  was  a cabinetmaker,  whose 
workshop  Avais  built  against  the  wall  of  the  courtyard  in  which  a number 
of  the  packing-cases  were  stored.  From  this  as  a centre  the  disease 
spread  to  other  houses  in  the  neighbourhood.  It  is  difficult  to  avoid  the 
conclusion  that  infected  mosquitoes  had,  in  this  instance,  been  introduced 
from  Santos  along  with  the  packing-cases.  The  fatal  epidemic  at  Lisbon 
in  1857  originated  in,  and  was  for  a time  confined  to,  the  custom-house 
{2,  11).  The  first  victim  Avas  a man  employed  in  a badly  ventilated 
room  in  Avhich  the  baggage  from  Brazil,  Avhere  the  disease  was  then 
prevailing,  was  examined  and  stored.  Ten  persons  in  succession 
employed  in  this  store  Avere  attacked  and  nine  died.  Here  AAms  a clear 
case  of  house  infection  : but  Avhence  Avas  the  infection  deriA'ed  ? Not 
from  the  presence  in  it  of  a yelloAv  fever  patient.  The  only  admissible 
explanation,  in  the  present  state  of  our  knoAvledge,  is  that  the  room 
Avas  infected  by  mosquitoes  introduced  by  baggage  or  goods  from  Bio. 
Another  instance  clearly  pointing  to  the  transmissibility  of  the  infection 
by  baggage  is  the  Madrid  outbreak  of  1878  (7,  9).  Some  1 7,000  Spanish 
troops  returned  from  Cuba  in  the  autumn  of  that  year.  No  cases  of 
fever  occui'red  among  them  during  the  A'oyage  or  aftei’Avards.  They 
landed  at  Santander,  and  more  than  half  of  them  proceeded  direct  to 
IMadrid  by  rail,  a distance  of  300  miles,  Avhich  Avould  not  occui>y  more 
than  a day.  The  troops  were  disbanded  and  took  up  their  quarters  in 
and  about  Tetuan  Sti'eet.  It  Avas  here  that  yelloAv  fever  appeared  about 
the  15th  of  September,  not  among  the  soldiers,  but  among  the  inhabit- 
ants of  the  quarters  Avhere  they  had  taken  up  their  abode.  Cases 
continued  to  occur  for  a month.  In  all,  about  fifty  Avere  attacked  and 
thirty-five  died.  Hoav  Avas  the  disease  introduced  ? Not  by  the  soldiers, 
Avho  remained  healthy.  Not  by  mosquitoes  infected  on  the  spot,  for 
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there  was  no  source  from  which  the  infection  could  have  been  deiivetl. 
No  other  explanation  remains  l)ut  that  the  infection  was  com  eyed  by  the 
baggage  of  the  soldiers,  which  was  not  disinfected  before  it  was  put  on 
board  or  alter  being  disembarked  at  Santander.  AVe  must  either  suppose 
that  a colony  of  infected  moscpiitoes  was  transported  from  the  ship  in,  or 
adhering  to,  the  effects  of  the  soldiers,  or  that  the  baggage  contained  the 
germs  of  some  unknown  phase  in  the  life  of  the  parasite.  The  dilliculty 
in  admitting  that  mosquitoes  from  the  ship  were  the  agents  of  infection 
will  be  lessened,  if  we  remember  that  the  contents  of  the  hold  wei’e 
transferred  bodily  and  directly,  so  to  speak,  to  Madrid,  and  if  infected 
mosquitoes  were  present  in  the  hold,  a niind^er  of  them  would  have  a 
fair  chance  of  being  conveyed  by  the  baggage. 

Instances  of  the  infection  being  carried  to  isolated  individuals  by 
contaminated  clothes  and  other  effects  are  not  numerous,  but  the  follow- 
ing case  recorded  by  Dr.  Paterson  appears  to  me  conclusive.  Bahia  was 
free  from  yellow  fever  from  September  1850  to  March  1852.  In  the 
beginning  of  May  1851,  the  bai-que  Gipsy  arrived  from  Eio  with  the 
disease  on  l)oard.  The  master  of  the  vessel  had  already  passed  through 
the  disease  in  the  AVest  Indies.  His  wife,  who  was  on  board,  was 
immediately  landed  and  went  to  reside  a mile  or  so  in  the  country.  On 
the  16th  of  June,  six  Aveeks  after  landing,  she  Avas  seized  Avith  yelloAv 
fever  and  A’ery  narroAvly  escaj)ed  Avith  her  life.  She  had  not,  in  the 
meantime,  been  on  board,  nor  did  she  have  any  communication  Avith  the 
vessel,  except  through  her  hirsband,  Avho  slept  on  shore  and  passed  the 
day  on  board.  He  himself  remained  in  perfect  health  all  the  time.  The 
doctrine  that  clothes  soiled  Avith  the  discharges  of  yelloAA"  fever  patients 
are  innocuous  is  fully  confiimed  by  experience,  but  it  does  not  justify 
the  conclusion  that  the  infection  cannot  be  conveyed  in  clothing, 
merchandise,  and  baggage. 

Possihility  of  othrr  Modes  of  Transmission. — The  success  Avhich  has 
folloAved  measures  directed  to  the  extermination  of  the  stegomyia  furnishes 
the  strongest  evidence  that  the  mosquito  is  the  ordinary,  and  justifies  the 
presumption  that  it  is  the  sole  agent  of  infection.  Another  argument  in 
favour  of  the  exclusive  agency  of  the  stegomyia  in  the  transmission  of 
yelloAv  fever  is  found  in  the  striking  correspondence  betAveen  the  geo- 
graphical distribution  of  yelloAv  fever  and  that  of  the  stegomyia.  But, 
I as  the  parasite  of  yelloAv  feA'er  and  its  life-history  arc  unknoAvn,  the 
■(  possibility  of  the  infection  being  communicable  in  some  other  Avay  cannot 
U at  preseiit  be  altogether  excluded,  however  improl)al)le  it  may  appear 
' that  a ])arasite  Avhich  has  become  adapted  to  life  alternately  in  man  and 
1 the  mosquito,  should  also  be  capable  of  an  extra-corporal  existence. 

Does  the  mosquito  hypothesis  adecpiately  explain  all  the  Avell-ascer- 
1'  tained  facts  in  connexion  Avith  the  proj)agation  of  the  disease  ? If  Ave  Averc 
' to  accept  the  accoiints  of  yelloAv  fever  appearing  sj)ontaneously  at  sea  in 
■ vessels  from  cold  latitudes,  of  its  being  communicated  by  clothing  stoAved 
' aAA'ay  in  boxes  for  three  years  or  longer,  of  a physician  contracting  the 
■■  disease  in  Paris  Avhile  examining  the  dejecta  of  a yellow  fever  patient 
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obtained  from  abroad,  and  similar  stories,  the  hypothesis  would  be  entirely 
inadequate.  Most  of  these  narratives  may  be  put  aside  as  being  not  only 
improbable  in  themselves,  but  as  defective  in  detail.  There  remain,  how- 
evei-,  a few  cases  sufficiently  well  attested,  which,  as  they  present  certain 
difficulties — real  or  apparent — must  be  briefly  noticed. 

1.  Bcrenger-Ferand,  an  unimpeachable  author! t}’,  states  that  he  knew 
an  instance  of  yellow  fever  breaking  out  in  a remote  village  of  the  Basses- 
Alpes,  in  the  house  of  a family  that  had  just  received  the  non-disinfected 
clothing  of  a patient  who  had  died  of  the  disease  in  Senegal.  If  this 
outbreak  had  been  witnessed  by  himself  the  narrative  would  have  carried 
greater  weight.  He,  however,  believed  it  to  be  authentic. 

2.  Another  case  desei’ving  notice  is  that  of  Dr.  Chaillon  who  con- 
tracted the  disease  at  the  village  of  Montoir,  some  four  miles  from  St. 
Nazaire,  while  attending  three  patients  who  had  sickened  on  board  the 
Anne  Marie  (13),  to  which  reference  has  already  been  made,  and  who  had 
gone  home  to  their  native  villages.  The  doctor,  Avho  had  not  been  near  the 
town,  was  seized  on  the  8th  or  9th  day  after  commencing  his  attendance 
on  these  patients,  and  died  with  black  vomit  and  all  the  symptoms  of 
yellow  fever.  Dr.  Chaillon  must  have  received  the  infection  directly  from 
his  patients  or  from  the  bite  of  an  infected  stegomyia  conveyed  from  the 
ship  in  their  effects.  Those  who  attach  any  weight  to  the  instances 
adduced  above  of  the  transport  of  mosquitoes  in  baggage,  will  see  little 
difficulty  in  accepting  the  latter  view,  which  justifies  every  precaution  in 
respect  to  clothing. 

3.  The  history  of  H.M.8.  Eclair  is  interesting.  This  ill-fated  vessel, 
which  was  infected  at  Sierra  Leone  in  July  1845,  introduced  yellow 
fever  into  the  island  of  Bona  Vista  and  then  carried  it  to  England,  whei’C 
fatal  cases  continued  to  occur  till  the  11th  of  October.  Out  of  146  officers 
and  men  140  were  attacked  and  73  died.  After  undergoing  disinfection 
and  extensive  repairs  in  England,  she  sailed  for  the  Cape  under  the 
name  of  the  Rosamond  on  February  23,  1847.  On  entering  warm  lati- 
tudes, several  cases,  which  were  looked  upon  as  yellow  fever,  appeared  on 
board,  one  of  which  terminated  fatally  with  Idack  vomit.  If  these  were 
cases  of  genuine  yellow  fever  the  infection  must  have  persisted  in  the 
vessel  for  seventeen  months  from  the  date  of  the  last  case  without  the 
possibility  of  a fresh  infection — a view  which  cannot  well  be  reconciled 
with  the  mosquito  hypothesis  as  now  accepted. 

4.  The  case  of  the  U.S.  ship  of  war  Fli/mouth  is  of  importance,  as  the 
facts  are  beyond  dispute.  The  Ph/mouth  was  infected  at  A'era  Cruz  in 
the  beginning  of  November  1878.  She  was  fumigated  with  sulphur 
during  her  homeward  voyage,  and  again  after  her  arrival  at  Norfolk,  and 
for  a third  time  at  Portsmouth,  N.H.  She  then  proceeded  to  Boston 
whore  she  was  dismantled,  everything  movable  taken  out  of  her,  exposed 
for  three  months  to  a temperature  about  the  freezing-point,  and  twice 
fumigated,  first  with  30,  and  again  with  50  lbs.  of  sulphur,  all  openings 
l)eing  closed.  On  being  refitted,  she  put  to  sea  on  the  15th  IMarch,  and 
within  a week  two  cases  of  yellow  fever  declared  themselves  on  board. 
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The  infected  insects  must,  in  this  instiince,  have  survived  tlie  cold  and 
repeated  disinfections  for  130  days  (21).  The  cases  of  the  Eclair  and 
rii/numfh,  if  they  justify  some  reserve  in  concluding  that  the  bite  of  an 
infected  mosquito  is  the  sole,  do  not  touch  the  truth  that  it  is  the  onlhamj 
and  onlji  kmini  mode  in  which  the  disease  is  communicated. 

Pathology  and  Morbid  Anatomy. — lii(]or  moriis  appears  early  and  is 
well  marked.  The  yellow  colouration  of  the  skin,  not  always  present 
during  life,  is  rarely  absent  after  death,  and  is  usually  associated  with 
suggilations  and  ecchymoses.  The  hands,  feet,  and  genital  organs  are 
cyanosed. 

The  blood  in  yellow  fever  coagulates  loosely,  the  fibril^  being  diminished. 
The  number  of  the  red  corpuscles  is  not  necessarily  reduced  nor  the  per- 
centage of  hamioglobin  they  contain.  The  white  corpuscles  are  diminished 
to  a varying  extent.  In  a case  reported  by  an  American  Commission, 
the  leucocytes  fell  from  6355  to  2666,  aud  an  entire  absence  of  eosino- 
phils was  noted.  Further  observations  are  necessary  to  establish  accurately 
the  leucocytic  formula  of  yellow  fever.  In  tw’o  cases  observed  by  Gi-ay, 
the  pei’centage  of  large  mononuclears  was  7‘66  and  8’33  respectively. 
This  increase,  even  if  constant,- — a point  not  yet  determined — is  not  so 
great  as  to  cause  it  to  be  mistaken  for  malaria ; besides,  the  large  mono- 
nuclears of  3"ellow  fever  are  not  pigmented.  The  yellow  colour  of  the 
serum  is  due  to  free  htemoglobin. 

Brain  and  Cord. — The  more  constant  morbid  alterations  met  with  in 
the  nerve-centres  are  venous  congestion  of  the  meninges,  and,  to  a less 
extent,  of  the  substance  of  the  brain  and  cord ; and  a turbid  yellow 
efFusiou  into  the  subarachnoid  space  and  cerebral  ventricles.  Minute 
haemorrhagic  points  are  not  infrequently  observed  in  the  pia  mater  and 
brain. 

The  respiratm-f/  organs  in  most  cases  seem  normal.  Occasionally,  how- 
ever, the  lungs  and  bronchi  are  congested,  and  hamorrhagic  extravasations 
are  occasionally  met  with  in  the  lungs  and  l)eneath  the  pleura. 

Heart  and  Pericardium. — Usually  no  lesion  is  observable  in  the  heart, 
if  we  except  a dull  and  flabby  appearance  which  this  organ  often  presents 
in  common  with  the  muscular  system  generally.  Minute  ccch^unoses, 
however,  are  sometimes  met  with  in  the  muscular  substance  and  undci’ 
the  endocardium.  Effusions — serous,  purulent,  or  sanguineous — are 

occasionally  found  in  the  pericardium,  which  may  also  be  injected,  or 
the  seat  of  small  petechial-looking  haemorrhages.  The  cavities  of  the 
heart  contain  more  or  less  loosely  clotted  or  fluid  blood.  The  right 
ventricle  often  contains  pale-yellow  coagulum. 

Stomach. — Morbid  alterations,  more  or  less  pronounced,  arc  always 
met  with  in  the  stomach,  whatever  the  period  at  which  death  occurs. 
Moi’e  or  less  of  a black  fluid,  similar  to  black  vomit,  is  almost  always 
present  in  the  cavity.  The  mucous  membrane  is  ii  regularly  congested  in 
patches  or  bands,  most  marked  at  the  cardiac  extremitj'.  The  rngin  arc 
swollen  and  thrown  into  corrugations,  so  as  to  j^resent  the  appearance  of 
a mass  of  lumbrici — the  boursouflement  vermiforme  of  French  authors. 
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The  livpei’comiji  is  less  marked  in  patients  who  snccumh  at  an  advanced 
period  of  the  disease.  Larger  or  smaller  ecchymotic  points  are  to  be 
distinguished  in  the  congested  areas.  The  mucons  membrane  is  often 
softened  and  in  places  eroded. 

Under  the  microscope,  the  superficial  vennles  and  capillaries  are  seen 
to  be  engorged,  and  undergoing  fatty  degeneration.  The  tubular  glands 
are  variously  deformed  and  atrophied,  and  their  epithelium  is  fatty. 
Minute  haemon’hagic  foci  are  met  with  here  and  there  between  the  glands. 
The  submucous  connective-tissue  is  comparatively  intact ; although  here 
and  there  points  of  congestion  may  exist ; and,  according  to  Sternberg, 
an  unusual  number  of  leucocytes  is  occasionally  to  be  met  with  in  the 
submucous  coat. 

Intestinal  Canal. — Black  matter,  similar  to  that  found  in  the  stomach, 
is  often  present  in  the  uppei'  part  of  the  canal.  The  contents  of  the 
intestine  usually  give  an  acid  reaction.  Vascular  arborisations,  more  or 
less  extensive,  are  observed,  esjjecially  towards  the  lower  part  of  the 
ileum.  The  solitary  glands,  as  well  as  Peyer’s  patches,  are  sometimes 
found  enlarged,  and  fatty  degeneration  of  Lieberkiihn’s  crypts  has  been 
demonstrated. 

The  liver,  which  presents  some  shade  of  yellow,  from  dull  chamois  to 
a brownish-orange,  is  generally  of  normal  consistence  and  volume.  The 
cut  surface  is  somewhat  friable.  On  section,  its  substance  usually  presents 
an  exsanguine  appearance,  but  when  death  occurs  early  it  may  be  found 
hyperaemic.  The  liver-cells,  especially  in  the  pei'ipheral  lobular  zone,  are 
seen  to  have  undergone  fatty  degeneration,  not,  howevei-,  uniformly 
throughout  the  gland.  Interstitial  proliferation  has  been  noticed  by 
Babes  and  others.  The  state  in  which  the  gall-bladder  is  found  varies — 
sometimes  empty,  at  other  times  containing  a small  amount  of  dark 
bile  of  natural  (juality,  or  viscid,  tarry,  or  mixed  with  blood. 

The  spleen  is  not  enlarged  nor  altered  in  consistence,  except  as  the 
result  of  previous  malarial  disease. 

The  kidneys  are  iisually  of  normal  size,  and  not  congested  to  any 
extent,  except  Avhen  death  has  occurred  within  the  first  three  or  four 
days.  Small  haemorrhages,  however,  are  occasionally  observed  under  the 
capsule,  in  the  mucous  membrane  of  the  calices  and  pelves,  and  as  ])in- 
point  extravasations  into  the  cortical  substance.  The  renal  epithelium 
undergoes  cloudy  swelling  and  fatty  degeneration.  The  tubes  in  some 
places  are  divested  of  epithelium,  and  are  often  filled  with  a hyaline  or 
granular  albuminous  material.  The  capillaries  here,  as  in  other  organs, 
exhibit  evidences  of  fatty  degeneration.  The  bladder  is  usually  con- 
tracted and  empty. 

Symptoms  and  Course  (General  Sketch), — In  exceptional  instances 
a certain  degree  of  malaise,  characterised  by  anorexia,  constipation,  head- 
ache or  vertigo,  is  felt  for  a day  or  two  before  the  attack.  ]\Iuch  more 
frequently  yellow  fever  declares  itself  abruptly,  seizing  the  patient  without 
warning  while  in  his  usual  state  of  health. 

The  first  symptom  is  usually  a chill,  which  may  amount  merely  to  a 


YELLOW  FEVER 


333 


feeling  of  coldness,  so  slight  und  evanescent  as  scarcely  to  attract  atten- 
tion ; t)r  it  may  be  more  intense,  declaring  itself  by  a rigor,  severe  but  of 
short  duration,  or  by  repeated  shiverings  alternating  with  heats.  In 
some  cases  the  chill  is  absent.  This  stage  of  invasion  generally  lasts 
from  two  to  twelve  hours,  and  its  intensity  and  iluration  are  often  observed 
to  bear  a direct  relation  to  the  severity  of  the  impending  attack.  Severe 
frontal  and  ocular  headache,  racking  pains  in  the  loins  and  limbs,  pallor 
of  the  skin,  and  a rise  in  the  temperature,  are  the  usual  .symptoms  of  the 
invasion  stage. 

As  the  chill  passes  off,  the  face  becomes  red  and  turgid,  and  the  eyes 
injected,  brilliant,  and  watery  ; the  headache  and  the  pains  in  the  loins, 
joints,  and  muscles  of  the  extremities  — the  cou))  de  ham  of  French 
authors  — increase  in  intensity.  The  patient  is  agitated  and  anxious  ; 
the  mind  usually  remains  clear,  or  at  most  wanders  at  night : less 
frequently  there  is  active  delirium.  The  temperature  in  the  mean- 
time rises  rapidly,  generally  attaining  its  fastigium  within  twenty -four 
or  thirty  hours  from  the  onset  of  the  disease  ; and  reaches  some  point 
between  103°  and  107°  F.  according  to  the  severity  of  the  attack. 
The  respiration  is  hurried  and  laborious,  and  the  pulse  accelerated, 
full,  and  bounding.  The  skin  in  the  milder  cases  is  moist,  but  in  the 
severer  forms  it  is  diy  and  pungent.  The  aj^petite  is  lost ; the  tongue, 
often  narrow  and  pointed,  is  covered  with  a white  fur,  the  tip  and  edges 
being  red.  The  bowels  are  constipated  as  a rule,  but  are  sometimes 
I’elaxed ; there  is  a sensation  of  heat,  pain,  or  distress  at  the  ejDi- 
gastrium,  which  is  tender  on  pressure.  The  stomach  becomes  iriitable, 
and  vomiting  of  a clear  acid  fluid  ensues.  The  urine  is  scanty,  and  from 
the  second  day  is  found  to  contain  albumin,  while  the  urea  is  diminished. 
On  the  second  or  third  day — seldom  later  than  the  fourth — a change 
takes  place.  The  temperature  and  pulse  fall ; the  headache  and  pains 
subside  ■,  the  characteristic  redness  and  turgidity  of  the  face  tone  down, 
as  does  also  the  suffusion  of  the  eyes,  which  in  many  cases  now  assume 
the  yellow  tinge  which  may  afterwards  extend  to  the  rest  of  the  body. 
The  gastric  irritability  and  distress  likewise  abate,  and  the  patient  feels 
better.  This  is  the  turning-point  in  the  disea.se.  If  the  improvement  is 
to  end  in  convale.scence,  the  temperature  falls  gradually  to  the  normal ; 
the  gastric  distress  disappears,  the  appetite  returns  ; the  urine  increases 
in  quantity,  while  the  albumin  steadily  diminishes  and  a coi-responding 
increase  of  the  urea  takes  place.  If,  on  the  other  hand,  after  a lull 
extending  from  a few  hours  to  one  oi'  two  days,  the  gastric  symptoms 
reappear  in  an  aggravated  form,  Avith  thii  st,  anxiety  at  the  ])ra'Cordia, 
and  Ammiting  of  a clear  li(piid  mixed  Avith  chocolate-colourcd  flakes,  or  of 
a fluid  uniformly  black,  and  depositing  on  standing  a cofl'ee-ground  sedi- 
ment, the  patient’s  life  hangs  doubtfully  in  the  balance.  These  symptoms 
are  accompanied  either  by  a ])ersistence  or  recrudescence  of  the  fever,  or 
by  a fall  of  the  temperature  beloAv  normal,  Avhich  is  still  more  ominous, 
and  by  a diminution  of  the  urinary  excretion,  Avith  a corresponding  in- 
crease of  albumin,  Avhich  genei'ally  reaches  its  maximum  from  the  fifth  to 
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the  seventh  clay.  Even  at  this  stage  a change  for  the  better  may  take 
place.  In  this  case,  the  irritability  of  the  stomach  again  subsides,  the 
j)atient’s  strength  rallies,  a gradual  amelioi’ation  of  the  other  untoward 
symptoms  follows,  and  convalescence  is  rapidly  established.  ]\Iore  fi-e- 
cjuently,  however,  the  balance  inclines  the  other  way.  The  prosti'ation 
increases,  copious  vomiting  of  black  matter  sets  in  ; the  yellowness  of  the 
skin  becomes  more  ju'onounced  and  generalised  ; in  the  more  malignant 
cases,  the  skin  is  likewise  covered  with  petechije  and  vibices  ; and  along 
with  these,  and  depending  upon  the  same  conditions,  luemorrhages  often 
take  place  from  the  mucous  membranes.  In  some  epidemics,  gangrenous 
spcjts  on  the  limbs  or  on  the  scrotum  have  been  of  relatively  frequent 
occurrence.  The  tongue  now  becomes  di-y  and  brown.  AYhile  these 
ominous  symptoms  are  being  evolved  the  mind  may  remain  clear  and 
continue  so  till  the  end.  More  frequentl}^  the  patient,  though  not  in- 
coherent, is  dull,  confused,  and  apathetic  ; he  fails  to  realise  his  condition  ; 
expresses  himself  hopefully  as  to  his  state ; lapses  from  time  to  time  into 
a dreamy  reverie,  or  attempts  to  get  out  of  bed.  Occasionally  there  is 
active  delirium.  Towards  the  end  hiccup  sets  in,  the  features  become 
shrunken,  snbsultus  tendinum  appears,  a clammy  sweat  breaks  out  in  the 
skin,  and  the  patient  dies  exhausted,  comatose,  or  in  convulsions.  , 

Grades  and  Forms. — The  most  mseful  classification  is  that  which 
recognises  three  grades  of  intensity — the  mild,  the  severe,  and  the  grave  ; 
and  arranges  anomalous  fonns  separately  under  the  heading  of  pernicious.  , 

The  distinctions  between  the  mild,  severe,  and  grave  forms  of  yellow  j 
fever  go  deeper  than  mere  dilferences  in  the  dangei'  they  involve,  and 
appear  to  be,  in  some  way,  related  to  the  evolution  of  the  morbid  ])ro- 
cesses  determined  by  the  infection. 

1.  In  mild  yellow  fever  the  initial  paroxysm,  coinciding  Avith  the 
presence  of  the  virus  in  the  blood,  constitutes,  so  to  speak,  the  whole 
disease.  Charts  1 and  2 (p.  337)  I'epresent  the  common  course  of  the 
fever,  although  in  many  cases  the  fall  of  the  temperature  begins  as  early 
as  the  second  day. 

2.  The  distinctive  feature  of  the  severe  form  is  the  evolution  during 
the  remission  stage  of  the  characteristic  sym2Atoms  of  the  malady  — 
jaundice,  black  vomit,  lijemorrhages,  anuria,  mental  and  uerAons  dis- 
turbances, oppression  of  the  respiration,  and  slowing  of  the  ])ulse.  Charts 
4,  5,  and  C shew  the  more  common  thermometric  types  in  this  form. 

3.  l!»  the  grave  form  (Charts  7 and  8)  the  cortege  of  symptoms  proper 
to  the  remission  stage  make  their  aiipearance  Avithin  the  first  three  or  four 
days,  that  is,  during  the  first  stage.  Symptoms  referalde  to  the 
nervous  system  especially  come  into  prominence.  The  folloAving  brief 
notes  Avill  convey  a more  just  idea  of  the  symptoms  and  course  of  this 
dangerous  foi’m  than  a general  descrijition  : — 

1.  B.  S.  1st  day.  Trembling  of  extremities,  headache,  vomiting.  3rd  day. 
Stupor,  urine  scanty,  vomiting  ceased.  5th  day.  Urine  suppre.ssed.  The  patient 
lingered  on  in  a semi-conscious  state  till  the  seventli  day  of  illness. 
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■2.  M.  L.  2nd  day.  Violent  headache,  follo%ved  by  stupor.  lird  day.  Black 
vomit.  4fh  day.  Features  pinched,  patient  semi-conscious,  black  vomit,  tarry 
stools,  death. 

3.  D.  L.  1st  day.  Fever,  vomiting,  con.'^tipation.  2nd  day.  Obstinate  vomit- 
ing, sometimes  of  a brown  colour.  3rd  day.  Jaundice,  tongue  moist,  no  great 
thirst.  4th  day.  Black  vomit.  day.  Urine  suppressed.  Death  on  seventh 
day  in  the  midst  of  general  convulsions. 

4.  P.  T.  ls<  day.  Violent  headache,  great  ]uostration.  2nd  day.  Eyes 
sunken,  clammy  sweats,  cramps  in  legs  and  arms.  3rd  day.  Suppression  of  urine 
and  delirium.  Died  on  the  seventh  day  comatose  ; no  black  vomit  or  jaundice 
throughout. 

5.  W.  C.  1st  day.  Chill  and  headache.  2?«d  day.  Agonising  pain  in  back 
and  spine  ; skin  hot  but  moist,  vomiting,  constipation.  3?-d  day.  Patient  I'elt 
better,  and  said  she  would  be  able  to  get  out  to-morrow,  although  black  vomit 
had  already  set  in.  Death  on  fourth  day. 

Some  cases,  which  may  be  truly  called  malignant,  run  eyen  a shorter 
course.  The  following,  reported  by  a French  physician,  may  be  taken  as 
an  example  of  these  : — 

On  the  first  day  the  patient’s  face  was  puffy  and  of  a leaden  colour.  Skin 
cold,  great  thirst,  some  nausea,  tongue  clean  but  dusky.  Complete  absence  of 
headache  and  coup  de  barre.  In  fact,  the  patient  had  no  pains  whatever.  On 
the  morning  of  the  second  day  complained  of  heaviness  of  the  head,  great 
2)rostration,  and  constijjation.  In  the  afternoon  there  was  severe  pain  in 
epigastrium,  and  black  vomit  set  in.  The  stools  were  dark,  and  there  were 
haunorrhages  from  nose,  gums,  and  tongue.  On  pressure  blood  oozed  from  the 
tongue  as  from  a sponge.  Towards  evening  delirium,  stertorous  respiration, 
and  death  within  forty-eight  hours. 

The  pernicious  forms,  on  the  other  hand,  are  distinguished  by  the 
development  of  some  special  symptom  or  group  of  symptoms  foreign  to 
the  ordinary  2)henomena  of  the  disease.  I shall  restrict  myself  to  the 
briefest  notice  of  three  of  these : — 

1.  The  Apoplectic  Form. — The  patient  is  more  or  less  suddenly  struck 
down  with  vertigo  followed  by  stupor,  coma,  and  convulsions,  generally 
terminating  in  death.  The  pulse  is  weak,  aud  finally  becomes  faltering 
and  irregular ; the  skin  is  cold  and  clammy,  or  dry  and  flabby ; the 
pupils  dilated,  and  the  patient  dies  comatose. 

2.  The  Algid  Fmm. — This  form  was  of  rather  frequent  occuirence  in 
the  epidemic  of  Lisbon  in  1857.  The  prostration  is  early  and  extreme, 
the  features  are  sunken,  the  surface  cold,  and  in  severe  cases  this  coldness 
extends  to  the  lips,  tongue,  and  breath.  The  temperatui-e  in  the  axilla 
often  falls  to  96°  F.  The  pulse  is  small  or  imperceptible.  In  a large 
proportion  of  these  cases  the  hmmorrhagic  tendency  is  present  in  an 
extreme  degree.  Yellowness  of  the  skin  is  often  wanting,  and,  when  it 
does  appear,  is  generally  limited  to  a slight  yellow  tinge  of  the  con- 
junctivas. 

3.  I'he  Choleraic  Form. — This  form,  which  is  rare,  is  marked  by  excessive 
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purging  and  vomiting,  copious  clammy  perspirations,  petechife  scattered 
over  the  skin,  and  great  prostration. 

Analysis  of  Symptoms. — The  temperature  in  yelloAv  fever  is  marked 
by  a sudden  rise  to  104°  or  105°F.  In  rare  cases  it  may  reach  109°  F. 
The  fastigium  is  generally  attained  in  twenty-four  to  thirty -six  hours,  and 
the  temperature  continues  at  this  point,  with  slight  variations,  for  a period 
of  two  or  three  days ; sometimes  longer.  The  further  thermometric 
movements,  vaiying  according  to  the  form  of  the  disease,  are  indicated  in 
the  charts. 

Pulse. — During  the  initial  fever  the  pulse  is  accelerated,  full,  bound- 
ing, sometimes  tense,  at  other  times  compressible ; diminishing  in  force 
and  frequency  as  the  remission  sets  in.  It  often  falls  as  low  as  50 — 
occasionally  even  to  40  per  minute  when  the  disease  is  severe.  In  grave 
cases  it  is  small,  feeble,  accelerated,  or  slotv,  and  towards  the  end 
irregular  and  intermittent.  It  may  be  observed  that  there  is  no  cor- 
respondence between  the  number  of  pulsations  and  the  height  of  the 
thermometer.  The  blood-pressure,  at  first  above  the  normal,  falls  con- 
siderably during  the  stage  of  remission. 

The  skin  is  pale  during  the  period  of  invasion,  and  when  algid 
symptoms  manifest  themselves  this  state  of  pallor  develops  into  lividity. 
When  reaction  is  established  the  skin  becomes  hot  and  dry,  or  hot  and 
moist.  The  face  is  now  red  and  turgid,  and  the  eyes  suffused  and  brilliant. 
Yellowness  of  the  skin  is  often  absent  in  mild  cases  throughout  the 
whole  course  of  the  disease ; and,  strange  to  say,  it  is  often  wanting  in 
the  algid  form,  even  when  hnemorrhages  are  present.  It  is  rarely 
altogether  absent  in  the  other  more  intense  grades  of  the  disease ; 
although  in  these,  too,  it  may  be  so  little  obtrusive  as  to  be  overlooked, 
wliile  in  other  instances  the  skin  assumes  a deep  orange  or  even  bronze 
hue.  Icterus  seldom  makes  its  apjjearance  before  the  beginning  of  the 
remission,  when  the  redness  of  the  face  has  subsided.  In  some  cases  its 
advent  is  deferred  until  the  approach  of  death,  or  it  may  not  appear  until 
after  death.  The  yellowness  is  first  noticed  on  the  conjunctivse  and  face, 
spreads  to  the  neck  and  chest,  and  then  to  the  rest  of  the  body. 

Petechias  and  large  irregular  purpuric  patches  are  met  with  especially 
in  the  algid  and  haemorrhagic  forms.  An  erythematous  erui)tion  on  the 
scrotum,  or  around  the  vulva,  is  frequently  observed ; and,  when  present, 
is  looked  upon  as  pathognomonic  of  yellow  fever. 

An  altogether  indescribalfie  odour,  exhaled  from  the  skin  in  malig- 
nant cases,  is  a .sure  prognostic  of  death. 

Hcemorrlnujes  are  occasionally,  but  seldom,  seen  in  the  early  part  of 
the  pyrexial  stage.  They  are  of  most  frequent  occurrence  at  a later 
period,  that  is,  after  the  remission  has  set  in ; they  are  most  extensive  in 
the  malignant  forms,  especially  the  algid,  and  are  undoubtedly  more 
common  in  some  epidemics  than  in  others.  The  most  common  form  of 
Imemorrhage,  of  course,  is  the  black  vomit.  Besides  the  purpuric  spots 
and  patches  that  are  often  the  first  signs  of  a hremorrhagic  tendency,  we 
meet  with  bleeding  from  the  nose,  tongue,  lips,  and  gums,  from  the  whole 
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gastro-iutestinal  tract,  from  the  uterus  and  vagina,  from  the  bladder  and 
urethra,  more  rarely  from  the  bronchial  mucous  membrane,  and  from  the 
ear  and  conjunctiva.  E.xtravasations  of  blood  may  also  take  jdace  into 
the  interior  of  the  eye  and  destroy  vision. 

IFhite,  lied,  and  Black  Vomit. — Vomiting  is  a very  general  symptom 
of  yellow  fever.  It  begins  with  the  vomiting  of  an  acid,  colourless  or 
bile-tinged,  and  more  or  less  viscid  fluid ; this  may  be  distinguished  as 
white  vomit.  The  red  vomit  of  Cunisset  is  simply  gastric  haemorrhage; 
in  this  case  the  blood  is  expelled  immediately  after  its  escape  from  the 
vessels,  thus  retaining  its  red  colour.  The  vomiting  of  bright  blood  is 
justly  looked  upon  as  a dangerous  symptom.  Black  vomit,  which  gives 
its  familiar  name  to  the  disease,  usually  makes  its  appearance  during  the 
period  of  remission.  It  is  composed  of  altered  blood,  which,  on  standing, 
deposits  a black  sediment  like  coflee-grounds,  the  supernatant  fluid  being 
of  a clear  or  slightly  brownish  colour.  Microscopically,  black  vomit  con- 
sists of  glajidular  epithelium,  red  corpuscles,  mucous  cells,  yellow  pigment 
granules,  fat-globules,  granular  debris,  and  various  kinds  of  micro- 
organisms. Its  chemical  composition  varies  greatly.  Its  acidity  is 
maiidy  due  to  hydrochloric  acid.  Cunisset  in  numerous  analyses  failed 
to  detect  in  it  urea,  the  biliary  acids  or  salts,  or  cholesterin. 

The  urine  is  acid  and  high-coloured  ; its  density  is  high,  and  varies  with 
the  amount  of  albumin  that  it  contains.  The  quantity  voided,  which  is 
diminished  from  the  onset  of  the  disease,  becomes  still  more  scanty  during 
the  third  stage  ; and  in  cases  tending  to  a fatal  issue  complete  suppres- 
sion often  occurs.  Albumin  makes  its  appearance  during  the  febrile 
stage  even  in  mild  cases — the  amount  bearing  a direct  relation  to  the 
severity  of  the  attack.  The  urea  and  chlorides  are  notably  diminished, 
and  the  uric  acid  to  a less  extent.  The  urea,  however,  is  not  always 
decreased  at  the  beginning  of  the  fever.  Bile  is  only  present  at  the  end 
of  the  fever.  Blood  is  present  when  there  is  hiemorrhage  from  the 
kidney,  bladder,  or  urethra. 

Stools. — Constipation  is  the  general  rule  during  the  febrile  stage. 
In  some  epidemics  bilious  or  choleraic  diarrhoea  has  been  of  frequent 
occurrence.  In  favoural)le  cases  the  bowels  resume  their  normal  action 
when  the  remission  sets  in.  Obstinate  consti])ation  or  diilrrhcea  Avith 
melaena  are  alike  dangeroiAs  symptoms  at  this  stage. 

Morbidity  and  Mortality. — The  morbidity  and  mortality  in  yellow 
fever  vary  extremely  according  to  the  intensity  of  the  outbreak,  the  pro- 
portion of  susceptible  sulqects  in  a population,  and  the  hygieiuc  condi- 
tions of  a locality.  The  first  outbreaks  in  Spain  at  the  beginning  of  the 
nineteenth  century  were  i-emarkable  for  the  large  proportion  of  the 
population  attacked.  The  Avhole  community  Avas  susceptible.  Pym,  Avho 
was  an  eye-Avitness  of  the  epidemic  of  180d  at  Cibraltar,  states  that,  out 
of  1-1,000  souls  constituting  the  ciAul  population,  he  could  only  trace  38 
individuals  Avho  escaped,  and  12  of  these  had  already  passed  through  the 
disease.  At  Cadiz  in  1800  there  AA^ere  48,520  attacks  and  7387  deaths 
in  a jAopulation  estimated  at  5/, 499.  At  SeAulle,  in  the  same  year,  there 
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wore  70,488  attacks  and  14,085  deaths  in  a population  estimated  at 
80,508.  No  great  accuracy  need  be  claimed  for  these  figures,  but  they 
suffice  to  shew  the  wide  diffusion  which  yellow  fever  may  assume  in  a 
susceptible  populatiou.  The  disease  never  attains  the  same  prevalence 
where  yellow  fever  is  endemic. 

Tlie  case-mortality  may  be  said  to  range  from  12  to  80  per  cent. 
In  Eio  it  reached  94‘5  per  cent  in  1898.  It  has  been  known 
to  be  as  low  as  one -half  per  cent.  In  cities  where  the  disease 
is  endemic  or  recurs  at  frequent  intervals  the  majority  of  adults 
are  insusceptible,  and  thus  a large  proportion  of  attacks  Avill  fall 
on  children,  who  take  the  disease  in  a mild  form,  hence  the  total  and 
case-mortality  'will  l)e  correspondingly  low.  Taking  the  statistics  of 
the  Martinic|ue  hospitals  from  1819  to  1869  as  a guide,  we  may  reckon 
the  average  case-mortality  of  Europeans  in  the  AVest  Indies  at  23  per 
cent.  It  is  interesting  to  observe  that  non-propagable  outbreaks  in  high 
latitudes  are  almost  uniformly  very  fahd.  At  IMarseilles,  in  1823,  the 
case-mortality  was  60  per  cent;  at  St.  Nazaire,  in  1861,  59  per  cent; 
at  Swansea,  in  1865,  60  per  cent.  Is  this  due  to  the  length  of  time  thnt 
has  elapsed  between  the  infection  of  the  mosquito  and  the  inoculation  of 
the  virus  ? Yellow  fever  is  generally  of  a more  malignant  type  in  the 
shore  districts  of  an  infected  town,  becoming  less  prevalent  and  also  less 
fatal  as  we  recede  from  the  focus  of  infection.  This  is,  no  doubt,  to  be 
ascribed  largely  to  the  unfavourable  circumstances  and  dissipated  habits 
of  the  population  of  these  localities,  but  is  also  partly  due  to  their  being 
exposed  to  the  risk  of  multiple  inoculations  of  the  virus  in  places  where 
the  stegomyia  abounds. 

Diagnosis. — A fever  of  a single  paroxysm,  accompanied  by  congestion 
of  the  face,  injeetion  of  the  eyes,  severe  lumbar  pains,  gastric  irritability, 
albuminous  urine,  black  vomit,  and  other  haemorrhages  cannot  well  be 
mistaken  for  anything  else  than  yellow  fever.  The  complex  of  symptoms 
when  well  marked  is  pathognomonic.  But  in  the  early  stage,  before  the 
more  characteristie  symptoms  develop,  the  diagnosis  is  not  always  easy, 
i Attention  should  be  paid  to  collateral  circumstances,  such  as  the  geo- 

i graphical  limits  "within  which  yellow  fever  prevails ; its  predilection  for 
i|  seaports ; its  epidemic  character,  and  the  special  liability  of  newcomers. 

ii  It  is  a safe  rule  to  regard  with  suspicion  any  fever  occurring  in  a Euro- 
* pean  recently  arrived  in  a place  where  yellow  fever  prevails.  Neglect  of 
' this  rule  has  led  to  disastrous  results.  The  Italian  war-vessel  LomharcHa 

I (13)  was  lying  in  the  harbour  of  Bio  in  1896  when  yellow  fever  was 

II  prevalent  on  shore.  One  of  the  men  who  had  landed  was  taken  ill.  'fhe 
1 diagnosis  of  scarlet  fever  was  made  on  account  of  the  icdness  of  the  face 
i?  and  neck,  and  no  precautions  were  taken.  Twelve  days  later  yellow 

fever  began  to  spread  on  board,  and  out  of  249  officers  and  men  242 
^ were  attacked,  and  134  died.  The  7 who  escaped  had  already  passed 
^ through  the  disease. 

The  diseases  most  liable  to  be  mistaken  for  yellow  fever  arc : 
the  bilious  remittent  form  of  malaria  often  found  in  fresh  arrivals. 
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hlackwater  fever,  and  relapsing  fever.  In  malarial  bilious  remittent 
the  vomiting  is  more  distinctly  bilious  than  in  yellow  fever.  Albumin- 
uria is  rare.  Thei-e  is  pain  and  tenderness  in  the  splenic  region  from 
the  beginning,  followed  in  a few  days  by  enlargement.  The  presence  of 
the  malaria  parasite  and  of  pigmented  leucocytes  in  the  blood  will 
establish  the  diagnosis.  Blackwater  fever  is  not  a disease  of  newcomers, 
but  of  those  who  have  been  for  a year  or  more  in  the  tropics.  Apart 
from  the  spectroscopic  evidence  of  haemoglobin,  not  always  available,  the 
porter  colour  of  the  urine,  its  separation  on  standing  into  two  layers — an 
ui)per  clear  and  of  a port-wine  colour,  and  a sedimentary  layer  consisting 
of  epithelium,  hyaline  and  granular  casts,  and  yellowish -red  pigment 
masses,  and  the  pink  tinge  of  the  froth  on  being  shaken  will  settle  the 
diagnosis  (cf.  p.  299).  The  increase  of  large  mononuclears  beaiing  pig- 
ment will  be  confirmatory,  if  confirmation  be  required.  Relapsing  fever 
is  often  accompanied  by  jaundice,  vomiting,  severe  lumbar  pains,  and  occa- 
sionally even  by  black  vomit.  Here,  again,  the  collateral  circumstances 
already  mentioned  should  be  taken  into  account.  Albumin  is  very  rarely 
present  in  the  urine  of  relapsing  feyer.  The  enlargement  of  the  spleen, 
the  distinct  leucocytosis,  the  relative  increase  of  polymorphonuclears,  and 
the  presence  of  the  Spirillmi  obermeieri  will  suffice  to  establish  the 
diagnosis. 

The  prognosis  in  yellow  fever  must  always  be  guarded,  as  unfavour- 
al)le  symptoms  may  appear  when  least  expected.  If  the  temperature  in 
the  first  stage  be  moderate,  the  skin  moist  or  covered  with  perspiration, 
and  if  the  temperature  begin  to  fall  early  and  reach  the  normal,  without 
any  symptoms  of  depression ; if  the  epigastric  distress  and  irritability 
be  slight  and  disappear  with  fever ; if  the  urine  be  in  fair  quantity, 
contain  little  albumin,  and  a moderate  amount  of  urea,  the  prognosis  is 
favourable. 

If,  on  the  one  hand,  the  disease  be  ushered  in  by  convulsions  or  severe 
and  long-continued  chills;  if  the  temperature  rise  to  or  above  106°  F.  ; 
or  if,  on  the  other  hand,  reaction  be  not  at  all  or  onlj^  imperfectly  estab- 
lished, and  algidity  supervene ; if  the  albumin  in  the  urine  increase 
while  the  urea  diminishes ; if  generalised  haimorrhages,  petechicC,  or 
puipuric  patches  make  their  appearance,  and  coffee-ground  vomiting  be 
urgent ; finally,  if  delirium,  vertigo,  coma,  or  hiccup  set  in,  an  unfavour- 
able issue  may  lie  feared.  Perhaps  the  most  dangerous  of  all  these 
.symptoms  is  algidity  with  hfcmorrhages.  Scarcely  any  die  of  mild 
yellow  fever ; few,  if  any,  recover  from  the  grave  form. 

Prophylaxis. — The  breeding-places  of  the  stegomyia,  which  abound 
in  the  low-lying  districts  of  seaports,  claim  our  first  attention.  Permanent 
and  tem|)oraiy  collections  of  water  should  be  drained,  and  inequalities  of 
(he  ground  filled  up,  so  as  to  afford  a ready  discharge  for  rain-water. 
When  ponds  cannot  be  dealt  with  in  this  way,  petroleum  should  be 
spi'cad  over  the  surface  to  destroy  the  larvm.  Gutters  must  be  kept  in 
good  repair,  and  swept  out  daily,  to  prevent  stagnation.  The  courtyards 
of  dwelling-houses,  especially  in  the  poorer  localities,  afford  conditions 
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favourable  to  the  multiplication  of  the  stegomyia,  ■w  hich  is  essentially  a 
domestic  insect.  Waste  vater  from  pipes  and  rain-water  form,  as  I have 
often  seen,  permaiient  puddles  in  the  dilapidated  pavements  of  courts. 
Broken  bottles,  empty  cans,  barrels,  and  other  household  utensils  provide 
receptacles  for  water,  wdiich  are  utilised  by  the  stegomyia  for  depositing 
its  eggs.  These  sources  of  mischief  should  be  seen  to  and  remedied. 
Cisterns  and  water-tanks  should  be  covered  with  gauze.  In  short,  all  the 
means  of  preventing  the  multiplication  of  anopheles  should  be  adopted 
in  the  case  of  the  stegomyia,  and  carried  out  systematically  and 
persistently  {vide  p.  285). 

The  next  point  is  to  prevent  the  infection  of  the  mosquito.  The 
yellow  fever  patient  should  be  removed  at  once  to  hospital,  and  his  bed 
surrounded  with  mosquito  netting.  The  sooner  this  is  done  the  better, 
for  it  is  during  the  first  three  or  four  days  of  the  illness  that  the  patient 
is  a source  of  infection.  The  infected  house  and  the  adjoining  houses 
should  now  be  thoroughly  disinfected.  Sulphur  dioxide,  as  Eosenau  has 
shewn,  is  “unsurpassed  as  an  insecticide,  having  surprising  2'»owers  of 
penetrating  through  clothing  and  fabrics,  and  killing  mosquitoes  even 
when  hidden  under  four  layers  of  towellings.”  Sulphur,  H lbs.  for 
every  1000  cubic  feet  of  space,  is  sufficient  to  disinfect  a room  thoroughly  ; 
further,  the  stdphur  method  has  this  advantage  that  the  substance  is 
everywhere  procurable,  and  requires  no  special  apparatus  for  its  applica- 
tion. When  the  patient  cannot  be  removed  from  the  room,  it  should  be 
fumigated  with  insect  powder  (pyrethrum,  2 lbs.  per  1000  cubic  feet) 
and  the  stupefied  gnats  collected  and  burned. 

Although  bedding  and  clothing  soiled  with  the  discharges  of  yellow 
fever  patients  are  innocuous,  prudence  suggests  that  they  should  be 
disinfected,  if  for  no  other  reason  than  that  they  may  harbour  infected 
I mosquitoes. 

' Ships  in  infected  ports  should  anchor  at  as  great  a distance  as  possible 
' from  the  shore  and  from  infected  ships,  and  to  the  windward  of  them  ; 

■'  the  crews  and  passengers  should  not  be  permitted  to  go  on  shore  more 
than  is  absolutely  necessary,  and  never  after  sundowm.  The  young 
I stegomyias,  which  bite  by  day,  are  rarely  infected.  Taidcs,  barrels, 
troughs,  etc.,  containing  water  must  be  protected.  In  case  of  an  outbreak 
on  board,  the  method  of  di.sinfection  already  detailed  should  be  employed. 
Not  only  the  particular  cabin  in  which  the  disease  occurred,  but  all  the 
rooms  in  that  part  of  the  vessel,  should  be  fumigated.  The  vessel,  if  at 
sea,  should  be  steered  for  cold  latitudes.  Before  opening  the  hatches  of 
an  infected  ship,  sulphur  dioxide  shoixld  be  introduced  into  the  hold. 
Until  thoroughly  disinfected  a vessel  that  has  had  yellow  fever  on  board 
should  not  be  allowed  to  approach  near  the  shore  or  other  vessels. 

Individual  pro])hylaxis  requires  the  avoidance  of  infected  towns, 
houses,  or  ships.  There  is  no  good  reason  for  excluding  the  iniluence  of 
fatigue,  exposure  to  the  sun,  and  excesses  as  disposing  to  yellow  fever. 
AVe  know  that  these  circumstances  have  an  important  influence  in 
increasing  the  risk  of  infection  in  the  case  of  malaria,  and  although  too 
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much  stress  has  been  laid  on  the  action  of  disposing  causes  in  determining 
yellow  fever,  sobriety,  a regular  course  of  life,  the  avoidance  of  excesses 
and  of  exposure  to  the  sun  should  be  insisted  on.  Arsenic  was  largely 
used  as  a prophylactic  in  the  epidemic  of  1905  at  New  Orleans,  but 
without  any  evident  advantage. 

Treatment. — The  discovery  of  the  agency  of  the  stegomyia  in  the 
transmission  of  yellow  fever  has  placed  the  prophylaxis  of  the  disease  on 
a secure  basis,  but  has  left  us  exactly  where  we  were  in  respect  to  treat- 
ment, which  remains  empirical,  and  to  a large  extent  directed  to  meet 
the  symptomatic  indications.  Tn  all  cases  it  is  important  to  have  the 
patient  removed  from  the  focus  of  infection,  and  treated  in  a well-ventilated 
room.  In  the  milder  forms  little  more  will  be  necessary  thaii  the 
administration  of  a hot  mustard  foot-bath  and  a purgative.  When  the 
temperature  is  moderate,  the  skin  moist,  and  irritability  of  the  stomach 
absent  or  trifling,  a meddlesome  line  of  treatment  is  to  bo  avoided.  In 
all  cases — severe  as  well  as  mild — the  hot  mustard  foot-bath  is  to  be 
employed  on  the  invasion  of  the  disease,  and  repeated  once  or  oftener, 
according  to  circumstance.s.  Its  use  favours  diaphoresis,  and  tends  to 
relieve  internal  congestions.  The  administration  of  a laxative  oi-  piu-ga- 
tive,  as  soon  as  reaction  has  set  in,  is  also  useful  alike  in  mild  and  severe 
cases.  This  treatment  is  indicated  by  the  constipation  which  is  generally 
present,  and  justified  by  the  good  effect  which  the  concurrent  testimony 
of  physicians,  past  and  present,  concede  to  it.  As  to  the  purgative  best 
adapted  for  this  purpose  there  is  less  agreement.  Castor  oil  has  obtained 
the  greatest  number  of  supporters ; it  is  best  given  in  capsules  or  in  the 
form  of  emulsion.  The  great  objection  to  its  iise  is  its  tendency  to  give 
rise  to  vomiting.  When  there  is  much  nausea,  calomel,  in  a dose  of  5 
to  10  grains,  is  preferable,  and  may  be  followed,  if  necessary,  by^  sulphate 
of  sodium,  and  the  laxative  action  maintained  by  fluid  magnesia. 

When  the  temperature  is  high  and  the  skin  dry  and  hot  it  is 
evidently  desirable,  if  possible,  to  abate  the  febrile  excitement.  Quinine 
has  l)een  lai-gely  employed  for  this  purpose  ; but  experience  has,  upon  the 
whole,  decided  against  its  utility  at  any  stage  of  the  disease.  Antipyrin 
has  been  recommended,  but  should  only  be  employed  in  the  early  stage  of 
the  disease  and  when  the  fever  is  high.  It  is  contra-indicated  when  the 
heart’s  action  is  weak  and  the  vital  powers  depressed.  The  common 
saline  mixture,  containing  acetate  of  ammonium,  nitrate  of  potassium,  and 
spirit  of  nitrous  ether,  is  of  service  in  cases  of  moderate  intensity.  It 
reduces  the  temperature  to  some  extent,  and  promotes  the  action  of  the 
skin  and  kidneys.  When  there  is  great  arteidal  excitement,  5 to  10  drops 
of  tinctura  veratri  viridis  may  advantageously  be  added  to  the  mixture. 
The  Brazilian  physicians,  according  to  Hey,  make  \;se  of  a mixture  con- 
taining infusion  of  jaborandi,  acetate  of  ammonium,  and  tincture  of 
aconite.  Al'hen  the  calor  mordicans  is  well  marked  such  a combination 
seems  indicated.  It  is  said  almost  always  to  give  rise  to  profuse 
diaphoresis  and  a fall  of  temperature. 

Whatever  may  be  the  internal  treatment  adopted  to  assuage  febrile 
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action,  its  efficacy  will  be  promoted  by  systematic  sponging  of  the  body 
with  cold  or  tepid  water,  and  the  assiduous  application  of  cloths  dipped 
in  iced  water  to  the  head.  The  whole  body — e.xtremities  and  trunk — 
should  be  sponged  or  swabbed  with  a wet  towel  loosely  Avrung  out  of 
cold  AA'ater,  each  part  being  dried  and  covered  before  proceeding  to 
another.  These  spongings  should  be  repeated  every  two  or  three  hours, 
ice  being  added  to  the  water  when  the  skin  is  hot  and  dry,  Avhile  cokl 
compresses  or  ice  are  applied  to  the  head.  AVhen  the  skin  is  moist  and 
the  temperature  moderate  tepid  spongings  are  to  be  enpjloyed.  Hy])er- 
pyrexia,  Avhich,  however,  is  not  common  in  yelloAv  fever,  should  be 
treated  Avith  the  cold  bath.  When  the  patient  falls  into  an  algid  state 
Avarm  baths  may  be  of  serA’ice. 

A A^ery  important  indication  is  to  maintain  the  action  of  the  kidneys. 
Effervescing  alkaline  drinks,  Avhen  tolerated  by  the  stomach,  are  the  best 
means  of  obviating  the  danger  from  scanty  excretion  or  suppression  of  urine. 
Vichy  AA^ater  (C’elestine  spring)  generally  ansAvers  Avell.  If  not  procuralde 
60  grains  of  bicarbonate  of  soda  to  a litre  of  Avater  charged  Avith  carbonic 
acid  may  be  substituted.  These  alkaline  drinks  should  be  giA^en  in  such 
doses  as  the  stomach  can  bear.  As  a rule,  small  cpiantities,  ice-cold,  and 
frequently  repeated,  are  better  borne  than  large  draughts,  but  the  more 
taken  Avithin  the  tAventy-four  hours  the  better.  If  the  stomach  reject 
fluids  and  the  urine  be  scanty,  cold  enemas  should  be  resorted  to.  Water 
containing  a teaspoonful  each  of  common  salt  and  bicarbonate  of  soda  to 
a litre  may  be  used,  the  amount  injected  should  not  exceed  Avhat  the 
boAvel  can  retain  and  absorb.  By  the  assiduous  use  of  cold  or  tepid 
spongings  and  of  alkaline  diluents  the  temperature  is  loAvered,  gastric 
irritability  diminished,  and  the  excretion  of  urine  increased. 

Some  symptoms  of  frequent  occurrence  during  the  remission  stage 
require  special  treatment. 

Heart  failure,  indicated  by  a feeble  irregiilar  pulse,  Avhether  increased 
in  frequency  or  abnormally  slow,  calls  for  hypodermic  injections  of  ether, 

' and  the  administration  of  strychnine  in  small  and  frequently  repeated 
doses.  Digitalis  may  also  be  found  useful  in  this  condition. 

l~omifing  is  one  of  the  most  troublesome  and  intractable  symptoms, 
for  the  relief  of  Avhich  all  sorts  of  remedies  have  been  tried,  each 
seemingly  serviceable  in  one  case,  and  useless  in  another.  Chloroform, 
2 or  3 drops  frequently  repeated,  is  sometimes  found  to  exercise  a 
sedative  effect  on  the  stomach.  Blair,  Avho  had  a large  experience  of  the 
disease,  found  drop  doses  of  creosote  in  mucilage  and  sugar  to  be  most 
generally  beneficial.  Nitrate  of  silver,  in  doses  of  ^ to  of  a grain, 
alone  or  combined  Avith  opium,  occasionally  proves  useful.  Opium, 
hoAvever,  should  never  be  given  except  in  small  doses,  and  is  absolutely 
contra-indicated  Avhen  the  brain  is  affected.  Oil  of  turpentine,  in  10  to 
1 20  drop  doses,  given  every  tAvo  hours,  has  had  numerous  advocates, 

I but  experience  respecting  its  value  is  very  conflicting.  Lime  Avater,  given 

I A\dth  equal  quantities  of  fresh  milk,  has  a marked  sedative  action  in 

I many  cases,  even  after  black  vomit  has  made  its  appearance.  An  ice-bag 


344 


6'  YSTEM  OF  MEDICINE 


applied  over  the  pit  of  the  stomach,  and  morsels  of  ice  frequently 
swallowed,  often  give  relief.  Blisters  were  formerly  much  in  use,  but 
they  seldom  do  good  and  occasionally  become  the  source  of  uncontrollable 
bleeding,  and  should,  therefore,  be  avoided.  Sinapisms  are  not  open  to 
this  olqection,  but  they  do  not  often  prove  of  much  service. 

Ihemorrhages  are  symptomatic  of  an  intoxication  which  tends  to  a 
fatal  issue,  even  when  the  bleeding  has  ceased  spontaneously  or  been 
checked  by  treatment ; but  as  htemorrhages  manifestly  lessen  the  patient’s 
chance  of  struggling  through  the  disease,  some  effort,  however  unpromis- 
ing, must  be  made  to  arrest  them.  Gallic  acid  has  frequently  been  tried, 
but  not  with  encouraging  results.  More  good  has  been  obtained  from 
the  use  of  the  tincture  of  the  perchloride  of  iron  in  full  and  frequent 
doses,  although  this,  too,  more  frequently  fails.  This  remedy  was  found 
to  give  the  best  results  in  the  Lisbon  outbreak  in  Avhich  haemorrhages 
were  a prominent  symptom.  Ergotin  certainly  succeeds  in  some  instances. 
In  the  case  of  epistaxis  (Chart  5)  recorded  by  Sternberg,  ergotin,  given 
by  hypodermic  injection,  arrested  the  haemorrhage  without,  however, 
preventing  a fatal  termination.  Chloride  of  calcium  deserves  a trial. 
Nitrate  of  silver,  perchloride  of  iron,  and  other  astringents  have  been 
applied  locally  to  control  haimorrhage  from  the  gums  and  mouth. 
Adrenalin  chloride  would  appear  to  be  a useful  local  haemostatic. 

Suppression  of  Urine  is  one  of  the  most  formidable  symptoms  in  yellow 
fever.  Much  may  be  done  to  prevent,  but  little  to  cure  it.  Dry  cupping 
over  the  kidneys,  fomentations,  and  hot  packs  are  the  least  hopeless 
remedies. 

A mode  of  treatment  recommended  by  Sternberg  has  been  most 
favourably  reported  on  by  a number  of  physicians  who  have  had  an 
opportunity  of  testing  it.  He  gives  hourly  three  tablespoonfuls  of  a 
mixture  containing  150  grains  of  bicarbonate  of  soda  and  one-third  of 
a grain  of  perchloride  of  mercury  in  40  ounces  of  ice-cold  water.  This 
treatment  does  not  interfere  with  the  employment  of  the  means  we 
have  recommended  for  reducing  the  temperature  and  maintaining  the 
action  of  the  kidneys,  and  should,  I think,  be  adopted  in  all  but  the 
mildest  cases. 

Alimentation. — For  the  first  two  or  three  days  the  ])atient  is  better 
without  food.  If  some  support  seems  necessary,  a little  milk  and  lime 
water  may  be  given  occasionally.  When  the  remission  stage  has  set  in 
and  is  progressing  favourably,  milk  and  lime  water  can  be  given  for  a 
day  or  two,  and  then,  as  convalescence  proceeds,  small  quantities  of 
chicken-broth  may  be  allowed,  and  a return  to  solid  food  cautiously 
made.  The  greatest  difficulties  are  encountered  when  vomiting  persists 
or  returns  during  the  remission  stage.  Here  again  milk  and  lime  water 
should  be  tried,  and  supifiemented,  or  replaced  if  necessary,  by  nutritive 
enemas. 

Stimulants  should  be  altogether  avoided,  both  during  the  febrile 
stage  and  the  remission  stage  when  convalescence  is  progressing  satis- 
factorily. AVhen  bad  symptoms  appear  during  the  remission,  and  the 
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heart’s  action  and  the  patient’s  strength  begin  to  fail,  alcoholic  .stimulants 
ai’e  absolutely  necessary.  Iced  champagne  is  generally  recommended, 
but  it  cannot  always  be  had,  nor  does  it  always  agree  with  the  patient. 
In  these  circumstances,  one  or  two  tea  - spoonfuls  of  good  whisky  oi’ 
brandy  should  be  given  in  half  an  ounce  of  iced  soda-water.  The 
amount  and  frequency  of  the  dose  is  to  be  regxdated  liy  the  condition  of 
the  patient,  the  way  in  M'hich  it  is  tolerated,  and  its  observed  ell'ects. 

Andrew  Davidson. 
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DENGUE 

By  Sir  Patrick  Man.son,  K.C.M.G.,  M.D.,  LL.T).,  F.R.S. 

I Synonyms. — Dengue  (derived,  according  to  Hirsch,  from  the  Spanish 
equivalent  of  the  English  word  “ dandy  ” ; according  to  Corre,  from 
some  Hindustani  word — possibly  dunga) ; dandy  fever ; polka  fever 
(Brazilian);  three  days’  fever  •,  honrpiet  {coTV\\])tcd  hneket),  on  account 
of  the  eruption;  giraffe  or  stiff-necked  fever',  exanthesis  arfhrosia  •, 
rhevmatismvs  fehrilis  rheumatiens ; scarlatina  rhenmatica  ; 

These  are  but  a few  of  the  many  more  or  less  fantastic  names  which, 
from  time  to  time,  have  been  given  to  this  disease. 
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Definition. — A specific  infectious  fever  peculiar  to  warm  climates. 
Occurring  usually  in  widesjjreacl  epidemics,  it  extends  with  great 
rapidity,  and  attacks  a very  large  proportion  of  the  inhabitants  of  the 
affected  areas.  Individual  attacks  are  characterised  by  suddenness  of 
onset  \ rapidly  developed,  quickly  subsiding  fever  ; intense  headache  and 
loin-ache ; severe  rheumatoid  pains  in  or  about  joints  and  muscles  ; an 
initial  eiythematous  and  a terminal  rubeoloid  eruj)tion,  and  a very  low 
mortality. 

History  and  Geographical  Distribution. — Being  almost  entirely 
confined  to  tropical  countries,  rarely  visiting  Europe,  and  having  but  an 
insignificant  mortality,  we  cannot  wonder  that,  although  very  probably 
this  disease  has  existed  for  ages,  there  are  no  records  from  ancient  times 
which  we  are  justified  in  regarding  as  applicable  to  dengue.  Nor,  for 
similar  reasons,  is  it  at  all  likely  that  the  records  available  for  the 
medical  historian  suffice  to  complete  the  list  of  the  epidemic  and  local 
outbreaks  even  of  later  times  since  the  specific  features  of  the  disease 
were  definitely  formulated. 

The  fii-st  recognisable  descriptions  of  what  must  have  been  epidemic 
dengue  refer  to  1779;  in  that  year  we  have  trustworthy  accounts  of  its 
occurrence  in  Cairo  and  also  in  Batavia.  It  would  appear  that  these 
particular  outbreaks  were  only  a part  of  what,  so  far  as  regards  tropical 
and  subtropical  countries,  was  a vast  pandemic  wave ; for  in  that  and  the 
following  years  we  hear  of  a disease,  apparently  the  same,  in  places  so  far 
apart  as  India  (1780),  Philadelphia  (1780),  and  Spain  (1784-88).  With 
the  e.xception  of  a limited  outbreak  at  Lima  in  1818  we  do  not  again 
hear  of  dengue  until  1824.  In  that  year,  and  in  1825,  it  was  again 
extensively  epidemic  in  India  and  at  Suez;  and  from  1826  to  1828  it 
prevailed  in  the  western  hemisphere  in  the  Southern  States  of  the  Union, 
in  Mexico,  in  the  West  India  Islands,  and  in  the  north  of  South  America. 
From  that  time,  and  for  nearly  twenty  years,  we  only  hear  of  scattered 
and  local  epidemics  about  the  Arabian  coast  (1835),  in  Calcutta  (1836 
and  1844),  Bermuda  (1837),  Cairo  (1845),  Cawnpore  (1847),  and  Sene- 
gambia  (1845-48).  From  1845  to  1849  it  was  epidemic  in  Brazil.  In 
1850-54  it  spread  to  the  United  States  and  the  West  Indies,  while  about 
the  same  time  (1853-54)  a similar  epidemic  pas.sed  over  India.  In 
1870-75  a fresh  epidemic  wave,  starting  apparently  from  the  east  coast 
of  Africa  in  the  neighbourhood  of  Zanzibar,  spread  all  over  the  tropical 
parts  of  the  eastern  hemisphere.  In  1872  it  reached  China,  where,  at 
Amoy,  during  the  months  of  August  and  September,  I had  an  oppor- 
tunity of  becoming  practically  acquainted  with  the  disease.  There 
appears  to  have  been  a corresponding  but  more  limited  epidemic  iiJ 
America  confined  to  Louisiana.  Minor  epidemics  occurred  in  Tripoli  in 
1878,  on  the  Caribbean  coast  of  North  America  in  1880,  in  New  Cale- 
donia in  1884-85,  in  Fiji  in  1885,  and  in  Tripoli  in  1887.  One  of  the 
latest  and  best  recorded  epidemics  is  that  described  by  du  Brun,  which 
in  1888  and  1889  spread  all  over  Syria,  Asia  Minor,  and  the  MUgean 
shores  of  Greece  and  Turkov.  AVithin  the  last  few  veai’s  dengue  has 
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once  more  appeared  in  the  Far  East  in  epidemic  form,  extending  as  far 
south  as  Brisbane,  Australia,  where  important  studies  of  the  disease  have 
been  made  by  Bancroft,  Hare,  and  othei-s. 

From  a study  of  the  dates  of  occurrence  of  these  various  epidemics 
it  would  seem  that  this  disease  tends  to  assume  pandemic  chai'acters  once 
in  about  every  twenty  years.  Independently,  however,  of  the  great 
outbreaks  many  minor  epidemics  occur  in  the  intervals : moreovei',  it  is 
asserted  by  some  authorities  that  after  epidemic  visitations  dengue  tends 
to  become  permanently  established  as  an  endemic  disease  in  certain 
countries  where,  as  it  is  supposed,  it  was  formerly  uidcnown.  Thus,  it 
is  said  to  have  become  endemic  in  Egypt  since  1845;  in  Tripoli  .since 
1855  ; in  Cyprus  and  on  the  Syrian  coast  since  1861.  As  an  endemic 
disease  it  is  believed  that  dengue  is  more  common  in  the  West  Indies 
than  elsewhere. 

Besides  the  countries  already  referred  to,  dengue  is  met  with  from 
time  to  time  in  the  islands  of  the  Pacific — Tahiti  and  the  Hawaiian 
group,  for  example ; and  also  on  its  eastern  shores,  as  at  Callao  and 
Lima. 

Speaking  generally,  therefore,  its  ordinary  limit  of  diffusion  may  be 
set  down  as  lying  between  32°  47' N.  (Charleston  in  South  Carolina  and 
Lodiana  in  India),  and  23°  23'  S.  (San  Paulo  in  Brazil) ; but  occasionally 
fluring  warm  weather  it  may  spread  farther  north  to  36°  10'  (south  of 
Spain),  39°  96'  (Philadelphia),  and  even  to  42°  ISI.  (the  southern  shores 
of  the  Black  Sea). 

Charaetepisties  and  Spread  of  Dengue  Epidemics. — The  most 
remarkable  feature  about  epidemic  dengue  is  the  rapid  way  in  which  it 
spreads  through  a community,  and  the  large  proportion  of  individuals  it 
attacks.  So  rapid  is  its  diffusion  that  it  may  be  described  as  bursting 
upon  a place.  Both  in  suddenness  of  epidemic  rise  and  in  the  large 
numbers  attacked  it  is  comparable  to  influenza.  In  regard  to  the  latter 
feature — the  nund^ers  attacked — Ave  find  that  in  most  epidemics  hardly 
any  one  is  spared ; all  ages,  both  sexes,  all  races,  and  eveiy  condition  of 
life  are  affected  indiscriminately.  Seventy-five  per  cent,  therefore,  is  not 
too  liberal  an  estimate  of  the  proportion  of  the  population  attacked  during 
I an  epidemic  outbreak. 

The  epidemic  which  I Avitnessed  in  Amoy  in  1872  was  no  exception 
in  these  respects  to  the  general  rule.  About  the  first  Aveek  in  August 
cases  of  an  unfamiliar  disease  Avere  reported  in  the  toAvn  ; by  the  end  of 
the  second  Aveek  such  cases  Avere  numerous,  Avhole  families  being  prostrated 
by  it  at  a time  ; a Aveek  later  such  cases  Avere  still  more  common  ; and  by 
the  end  of  the  month  so  numerous  Avere  the  inA^‘dids  that  the  business  of 
the  toAvn  Avas  seriously  interfered  Avith.  All  the  patients  and  attendants 
I in  the  natiA^e  hospital  Avere  attacked  one  after  the  other.  By  the  end  of 
[ the  folloAving  month,  that  is,  about  eight  Aveeks  from  the  incidence  of  the 
I epidemic,  all  those  susceptible  in  the  toAvn  of  Amoy  had  passed  through 
ii  the  disease.  The  epidemic  hung  about  the  place  for  a month  or  tAvo 
> longer,  being  kept  aIHe,  apparently,  by  strangers  from  such  neighliouring 
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towns  and  villages  as  had  hitherto  escaped  the  visitation.  This  seems  to 
be  the  course  of  all  dengue  epidemics. 

Like  other  infectious  epidemic  diseases,  dengue  tends  to  advance  along 
the  trade  routes  and  lines  of  communication.  Tims  the  epidemic  of 
1870-73,  starting  from  Zanzibar,  first  reached  Aden;  from  this  port  it 
was  diffused  north  to  the  Red  Sea  coast  and  to  Port  Said,  and  east  to 
Bombay,  Calcutta,  and  Madras,  whence  it  radiated  all  over  India.  Pass- 
ing to  Singapore  it  followed  the  trade  routes  south  to  the  islands  of  the 
Eastern  Archipelago,  and  north  to  Siam,  Cochin  China,  and  China.  From 
India  it  was  carried  by  coolie  immigrants  to  Mauritius  and  Reunion  in 
1873. 

Influence  of  Climate,  Season,  Temperature,  and  Altitude. — AVhen 
dengue  spreads  beyond  its  ordinary  geographical  limits — as,  for  example, 
in  the  case  of  the  epidemics  in  Philadelphia,  Spain,  Sju-ia,  etc. — these 
extensions  occur  only  during  the  hottest  part  of  the  year,  in  late  summer 
and  early  autumn.  Hitherto  such  epidemics  have  been  arrested  by  the 
approach  of  winter.  Even  when  occurring  within  what  may  be  designated 
as  its  normal  geographical  limits,  dengue  prevails  principalh’,  although 
not  invariably,  during  the  hottest  part  of  the  year.  High  temperature, 
therefore,  seems  to  be  one  of  the  conditions  it  demands. 

Epidemics  occur  indifferently  during  either  the  diy  or  the  rainy 
seasons.  The  hygrometric  condition  of  the  atmosphere  is  therefore 
without  a manifest  influence  on  the  disease. 

It  would  appear  that  dengue,  like  yellow  fever,  prefers  the  coast  line 
and  the  deltas  and  valleys  of  the  great  rivers,  to  the  interior  of  continents  ; 
although  to  this  rule,  just  as  in  the  case  of  yellow  fever,  there  have  been 
exceptions;  such  as  the  epidemic  of  1870-73,  which  spread  all  over 
India.  Distribution  and  concentration  of  population  on  the  seaboard 
and  along  rivers,  and  the  freedom  of  communication  between  communities 
so  placed,  may  have  some  influence  in  determining  this  clinging  of  the 
disease  to  such  localities. 

As  a nde,  elevated  ]daces  enjoy  at  all  events  a relative  immunity ; if 
the  disease  be  introduced  into  such  localities,  usually  it  does  not  spread. 
To  this,  again,  there  are  exceptions,  for  the  Syrian  epidemic  prevailed 
in  places  from  4000  to  5000  feet  above  the  sea-level  as  well  as  on  the 
coast. 

There  are  no  facts,  therefore,  to  associate  the  diffusion  of  epidemic 
dengue  with  meteorological  conditions  other  than  that  of  high  tempera- 
ture. Nor  does  it  appear  to  be  influenced  in  any  way  by  the  mineral  or 
hygrometric  character  of  the  soil. 

High  temperature,  a certain  density  of  a susceptible  population  unpro- 
tected l)y  the  immunity  conferred  by  a recent  epidemic,  and  the  diffusion 
of  a specific  germ  by  human  intercourse  seem  to  be  conditions  necessary  for 
the  establishment  of  epidemic  dengue. 

S3rmptoms  and  Course. — An  attack  of  dengue  may  be  preceded  for 
a few  hours  by  feelings  of  malaise ; or  perhaps  painful  rheumatic -like 
tAvinges  in  a limb,  finger,  toe,  or  joint  may  herald  its  approach.  Lhsually, 
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however,  the  disease  sets  in  quite  suddenly.  A patient,  describing  his 
experience  in  this  respect,  said  that  in  the  morning  he  got  up  as  usual, 
feeling  quite  well,  and  began  to  dress,  but  before  he  could  conq^lete  his 
toilet  he  was  so  prostrated  by  pain  and  fever  that  further  exertion  was 
impossible,  and  he  had  to  crawl  back  to  bed.  Similar  stories,  illustrative 
of  the  suddenness  of  incidence  of  the  symptoms,  circulate  during  every 
epidemic  of  dengue.  Sometimes  the  fever  is  ushered  in  by  a feeling  of 
chilliness,  or  even  by  a smart  rigor  ; sometimes  a deep  flushing  of  the  face 
is  the  first  thing  remarked. 

However  it  may  begin,  fever  rapidly  increases  ; the  head  and  eyeballs 
(piickly  begin  to  ache  excessively,  and  some  limb  or  joint,  or  even  the 
whole  body,  is  racked  with  peculiar,  stiff',  rheumatic-like  pains  which, 
as  the  patient  soon  discovers,  are  much  aggravated  by  movement.  The 
loins  are  the  seat  of  great  discomfort,  amounting  in  some  cases  to  actual 
pain.  The  face — particularly  the  lower  part  of  the  forehead,  around 
the  eyes,  and  over  the  malar  bones — becomes  suff'used  of  a deep  purple 
colour ; and  often  the  skin  over  part  or  the  whole  of  the  body,  and  all  visible 
mucous  membranes,  are  more  or  less  flushed,  the  mouth  and  throat 
l)ecoming  sore  from  congestion  and  from  small  superficial  ulcers.  The  eyes 
are  usually  much  injected ; very  often  the  whole  face  is  Ijloated  and 
swollen.  This  congested,  erythematous  state  of  skin  constitutes  the 
so-called  “initial  rash.” 

These  synq)toms  becoming  in  severe  cases  rapidly  intensified,  the 
patient  in  a few  hours  is  completely  prostrated  ; his  pulse  has  risen  to  120 
or  more,  his  temperature  to  103°,  in  some  cases  to  105°,  or  even  106°  F.  : 
he  is  unable  to  move  owing  to  the  intense  headache,  the  severity  of  the 
pains  in  limbs  and  loins,  and  the  sense  of  febrile  prostration.  The  skin, 
for  the  most  part  hot  and  dry,  may  be  moistened  from  time  to  time  with 
an  abortive  perspiration.  Gastric  oppression  is  apt  to  be  urgent,  and 
vomiting  may  occur.  Gradually  the  tongue  acquires  a moist,  creamy 
fur,  which,  as  the  fever  progresses,  tends  to  become  dry  and  yelloAv. 

In  this  condition  the  patient  may  continue  from  one  to  three  or  four 
days,  the  fever  declining  somewhat  after  the  first  day.  In  the  vast 
majority  of  cases  this,  the  first  and  most  acute  stage,  is  abruptly  termin- 
ated about  the  end  of  the  second  day  by  crisis  with  diaphoresis,  diarrhoea, 
diuresis,  or  epistaxis.  When  epistaxis  occurs  the  relief  to  the  headache 
is  great  and  immediate.  On  the  occurrence  of  crisis  the  erythematous 
condition  of  the  skin  rapidly  subsides,  if  it  have  not  already  disappeared. 
In  some  cases  crisis  does  not  occur,  but  the  fever  slowly  declines  during 
three  or  four  days.  Thus  the  urgent  symptoms  for  a time  abate,  and 
the  ])atient  rapidly  or  slowly  passes  from  what  in  many  cases  may  be 
described  as  the  agony  of  the  first  stage  to  the  comparative  comfort 
of  the  second. 

AVhen  the  second  stage  is  thoroughly  established,  and  the  tem- 
perature has  sunk  to  normal,  the  patient  is  usually  sufficiently  well  to 
leave  his  bed  or  even  to  attend  to  business.  An  occasional  twinge  in 
the  leg,  arm  or  finger,  or  a tenderness  in  the  soles  of  the  feet,  and 
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perhaps  giddiness  in  walking,  may  remind  him  of  what  he  has  gone  through, 
and  warn  him  tliat  he  is  not  yet  quite  well.  But  the  tongue  cleans, 
appetite  returns  to  some  extent,  and  he  feels  moderately  comfortable. 

This  state  of  matters  continues  to  the  fourth,  fifth,  sixth,  or  even  to 
the  seventh  day,  counting  from  the  commencement  of  the  illness.  Then 
there  is  generally  a return  of  fever,  slight  in  most  cases,  more  severe  in 
others,  and  usually  of  very  short  duration — a few  hours  perhai^s.  Some- 
times this  secondary  fever  does  not  occur ; very  often  it  is  overlooked. 
With  the  return  of  fever  an  eruption  of  a roseolar  character  appears. 
Along  with  the  fever  and  with  tliis  “ terminal  eruption  ” the  pains 
return,  perhaps  with  more  than  their  original  seveiity.  The  fever 
subsides  in  a few  hours,  but  the  eruption,  though  at  times  very  evan- 
escent, may  keep  out  for  two  or  three  days,  being  very  generally  followed 
by  an  imperfect  desquamation.  It  seldom  happens  that  the  fever  or 
pains  of  this  stage  keep  the  patient  in  bed,  although  that  is  the  best 
place  for  him  if  a comfortable  and  speedy  convalescence  be  desired. 
Rarely  does  the  thermometer  rise  to  103°  F. ; it  falls  rapidly  below 
the  normal  on  the  setting  in  of  diaphoresis,  diarrhoea,  or  other  form 
of  crisis. 

The  terminal  eruption  possesses  very  definite  characters.  It  is  absent 
in  a very  few  only  ; it  is  quite  possible  that  in  many  of  those  cases  in 
which  it  was  supposed  to  be  absent  it  was  slight  and  had  been  overlooked. 
As  stated,  it  is  I’oseolar  in  character,  and  usually  commences  on  the  palms 
and  backs  of  the  hands,  extending  for  a short  distance  iq)  the  forearms. 
Its  develo])ment  is  often  associated  with  sensations  of  ])ricking  and 
tingling.  On  the  palms  of  the  hands  the  spots  are  at  first  about  the 
size  of  a small  pea,  circular,  dusky  red,  and  sometimes  slightly  elevated ; 
they  are  best  seen,  however,  on  the  back,  the  chest,  upper  arms,  and 
thighs.  In  these  situations  they  appear  at  first  as  isolated,  slightly 
elevated,  circular,  reddish-brown,  rubeoloid  spots  from  one-eighth  to  one- 
half  of  an  inch  in  diameter,  thickly  scattered  over  the  surface;  each  spot 
being  isolated  and  surrounded  by  normal  skin.  After  a time  the  spots 
enlarging  may  coalesce  in  places  ; thus  irregular,  red  patches,  from  one 
to  three  inches  in  diameter,  ai-e  formed.  Or  perhaps  there  is  a general 
coalescence  of  spots,  isolating  here  and  there  patches  of  sound  skin ; in 
this  case  the  islands  of  normal  skin  give  rise  at  fii’st  sight  to  the  false 
impression  that  they  constitute  the  eruption — a pale  eruption  on  a 
scarlet  ground.  In  a few  instances,  indeed,  the  whole  integument 
may  l)e  one  unbroken,  continuous  sheet  of  red.  The  rash  is  usually 
most  profuse  on  the  hands,  wrists,  elbows  and  knees,  and  generally 
coalesces  in  these  situations;  where  it  may  often  be  detected  when 
al)sent  or  scanty  elsewhere.  The  spots  disappear  on  pressure ; they 
never  become  petechial,  or  oidy  in  very  rare  cases.  They  fade  in  the 
order  in  which  they  appear  : first  on  the  hands  and  wrists,  then  on  the 
neck,  face,  thighs  and  body,  and  last  of  all  on  the  legs  and  feet.  Des- 
quamation may  go  on  for  two  or  three  weeks.  In  many  it  is  trifling  in 
amount ; for  the  most  part  it  is  furfuraceous  ; rarely  the  epidermis  peels 
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oil'  in  Hakes  of  any  magnitude,  and  never  in  the  broad  sheets  seen  after 
scarlatina  ; often,  for  a day  or  two,  it  is  accompanied  with  intense 
irritation. 

In  some  instances  the  disease  may  be  said  to  finish  its  course  with 
the  fading  of  the  terminal  eruption.  Appetite  and  strength  gradually 
return,  and  the  patient,  after  a few  days  of  debility,  feels  quite  well  again 
and  able  for  work.  But  with  many,  indeed  with  most  patients,  their 
troubles  do  not  end  so  soon.  For  days  or  weeks  some  muscle,  tendon, 
or  joint  is  the  seat  of  the  peculiar  pains,  which  may  become  so  severe 
as  to  send  their  victim  back  to  bed  again.  Sometimes,  three  or  four 
weeks  after  all  apparent  trace  of  the  disease  has  vanished,  a joint  or  a 
muscle  will  be  suddenly  disabled  by  an  attack  of  this  description.  This  may 
occur  in  patients  who  during  the  acute  stage  suffered  perhaps  little 
or  no  pain.  A finger,  or  toe,  or  a joint  of  a finger  or  toe,  may  alone 
suifer.  Of  the  joints  perhaps  the  knee  is  most  frequentl}^  affected,  but 
wrists  or  shoitlders  also  are  often  attacked  ; and  the  associated  muscles  may 
even  undergo  considerable  atrophy  from  enforced  disuse.  The  soles  of 
the  feet,  too,  and  the  tarsal  articulations  are  favourite  sites.  The 
pains  of  dengue,  both  those  occurring  during  the  initial  fever,  and 
those  which  may  be  regarded  as  sequels,  are  difficult  to  locate  with 
precision ; the  joints  or  muscle  afi’ected  may  be  percussed,  pressed, 
or  moved  with  impunity.  Du  Brun  locates  those  associated  with 
the  knee  in  the  thigh  muscles,  which,  he  says,  are  painful  on  deep 
pressure.  The  pains  usually  are  worst  on  getting  out  of  bed  in  the 
morning,  and  on  moving  the  affected  part  after  it  has  rested  for  some 
time.  They  are  relieved  somewhat  by  rest  and  warmth.  Passive 
movements  are  not  painful,  but  any  resistance  to  the  movements  of  a limb 
may  cause  acute  suffering.  "When  a muscle  is  affected  the  pain  is 
accompanied  by  a sense  of  powerlessness. 

Convalescence  may  be  very  much  delayed  by  the  persistence  of  the 
pains ; by  anorexia,  general  debility,  sleeplessness,  evanescent  feverish 
attacks,  boils,  urticarial,  lichenoid,  and  papular  eruj^tions,  and  by  trouble- 
some pruritus.  Among  sequels  and  complications  may  be  mentioned 
enlargement  of  the  lymphatic  glands,  particularly  the  superficial  cervical ; 
orchitis,  ])ossibly  endo-  and  pericarditis,  hyperpyrexia,  and  haemorrhages 
from  the  mouth,  nose,  bowel,  or  uterus.  Miscarriage  is  rare.  The  urine 
sometimes  contains  a trace  of  albumin,  but  nephritis  does  not  occur. 

Such,  briefly,  is  a dpscri|)tion  of  the  dengue  observed  l)y  myself  in 
Amoy  in  1872.  It  would  appear,  however,  to  judge  from  the  published 
descriptions,  that  there  is  considerable  variation  in  the  symptoms  of  this 
disease  in  different  places  and  in  different  epidemics.  Thus,  certain 
authors  mention  swelling  of  one  or  more  joints  as  a common  and 
prominent  .symptom ; also  metastasis  of  the  pains,  enlargement  of  the 
submaxillary  glands,  orchitis,  and  so  forth,  as  l)cing  frequently  present. 
These  in  my  experience  were  very  rare.  Howevei'  this  may  be,  the 
essential  features  in  well-marked  cases  are  practically  very  much  alike 
everywhere  and  in  all  epidemics  ; nearly  all  writers  accentuate,  as  leading 
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and  fliiiracteristic  symptoms,  the  suddenness  of  the  rise  of  temperature, 
the  initial  stage  of  skin  congestion,  the  pains,  and  the  terminal  eruption. 

Relapses  of  dengue  are  not  uncommon,  and  second  and  even  third 
attacks  during  the  same  epidemic  have  been  recorded.  As  a rule,  the 
susceptibility  to  this  disease  is  exhausted  by  one  attack. 

The  ineubation-period  seems  to  be  somewhat  variable.  It  is 
certainly  not  a long  one.  I have  seen  a case  in  which  it  could  not  have 
exceeded  twenty-four  hours.  Some  observers  place  it  at  five  or  even 
seven  days,  but  this  is  an  over-estimate.  One  to  three  days  seems  to 
be  near  the  truth. 

Epizootics  concurrent  with  dengue  epidemics  have  been  noted  in 
Spain  in  1784,  and  at  Baroda  and  Rangoon  in  1872.  The  animals 
attected  are  said  to  have  shewn  symptoms  of  paresis  of  one  or  more 
limbs. 

Diagnosis. — The  diseases  most  likely  to  be  confounded  •with  dengue 
are  German  measles,  scarlatina,  measles,  syphilitic  roseola,  influenza,  rheu- 
matic and  malarial  fevers.  A knowledge  of  the  distinctive  features  of 
these  various  diseases,  and  of  the  fact  that  dengue  is  attended  both  with 
a rash  and  with  articular  ])ains,  and  that  it  occurs  in  great  and  rapidly 
developed  epidemics,  should  prevent  any  serious  error  in  diagnosis. 

Mortality  and  Prognosis. — In  uncomplicated  dengue  the  direct 
mortality  may  be  said  to  be  almost  nil.  In  the  case  of  very  young 
children  convulsions  or  delirium  may  occur  and  cause  some  anxiety ; 
and  in  the  aged  and  infirm,  and  in  those  suffering  from  chronic  ex- 
hausting disease,  an  attack  of  dengue  may  prove  a serious  complication. 
Charles  describes  a pernicious  form  which,  though  rare,  was  very  much 
dreaded  in  Calcutta  ; in  these  cases  the  lungs  were  oedematous,  and  the 
patient,  becoming  drowsy  and  cyanotic,  quickly  passed  into  a condition 
approaching  hy})crpyrexia  and  died.  Some  writers  state  that  the 
gravity  of  any  given  case  is  in  direct  proportion  to  the  abundance  of 
eruption  ; others  deny  this.  In  the  European  in  hot  and  unhealthy 
climates  an  attack  of  dengue  very  often  leads  to  a condition  of  debility 
necessitating  temporary  change  of  climate,  or  even  a return  to  Europe. 
In  both  Europeans  and  natives  the  attendant  lowering  of  the  resistive 
powers  disposes  to  other  and  more  dangerous  diseases,  such  as  malaria, 
yellow  fever,  dysentery,  pulmonary  tuberculosis,  and  so  forth.  Con- 
sequently dengue,  otherwise  a benign  disease,  may  become  a source  of 
public  danger.  It  is  probable  that  it  is  in  this  indirect  way  that  the 
general  mortality  rises  during  the  epidemic  visitation  of  this  disease. 

Nature  of  Dengue. — There  can  be  little  doubt  that  dengue  belongs 
to  the  same  class  of  diseases  as  measles,  scarlatina,  and  the  other  exanthe- 
matous fevers.  Analogy  distinctly  points  to  this.  Certain  writers,  how- 
ever, oppose  this  view;  piincipally  on  the  ground  that  the  epidemic 
extension  of  dengue  is  so  rapid  and  so  wide  that  there  can  be  no  time  for 
the  operation  of  infection  from  }>crson  to  person.  Such  writei-s  invoke 
some  vague  telluric  or  atmospheric  influence  to  explain  the  rapid  ex- 
tension of  the  disease  in  epidemics,  and  the  tendency  it  exhibits  from 


DENGUE 


353 


time  to  time  to  become  rapidly  pandemic.  But  if  we  bear  in  mind  the 
shortness  of  the  incubation-period,  the  almost  universal  susccjitibility  of 
the  population  unprotected  l)y  a recent  visitation  of  the  disease,  the  fre- 
(piency  of  mild  attacks,  which,  even  during  their  height,  do  not  incapaci- 
tate the  subject  of  them  from  walking  about  the  streets  and  thus  diflusing 
th6  infection  far  and  wide,  and  the  marked  tendency  it  shews  to  prevail 
especially  in  towns  and  densely  populated  (juarters,  one  can  readily  under- 
stand that  the  entire  population  of  a city  may  be  exposed  to  and  acquire 
the  disease  within  a fortnight  of  the  importation  of  the  first  case.  Dengue 
in  this  respect  closely  I’esembles  influenza.  A highly  infectious,  but  not 
in  all  cases  nor  generally  a very  disabling  disease,  to  which  nearlj'^  every 
one  is  susceptible,  and  which  has  a short  incubation-period,  is  bound  to 
spread  rapidly  when  introduced  into  thickly  populated  districts. 

As  to  the  nature  of  the  poison  or  germ  of  dengue  there  are  no  well- 
established  data  on  which  to  base  a vciy  definite  opinion.  Bacteria,  of 
cou’-se,  have  been  described  in  connexion  with  this  as  with  every  other 
fever,  but  the  value  of  the  observations  is  at  best  doubtful.  Probably  the 
germ  of  dengue  resembles  those  of  the  other  exanthematous  fevers,  which, 
Avith  the  exception  of  that  of  enteric  fever,  are  still  hypothetical.  It 
is  a singular  and  suggestive  circumstance  that,  although  som.e  of  these 
exanthematous  fevers  prevail  and  spread  during  the  cold  season  in  the 
tropics  as  readily  as  during  the  hot,  there  are  others — yellow  fever  and 
dengue — Avhich  cease  at  once  to  extend  Avhen  the  temperature  of  the 
atmosphere  sinks  below  a certain  point.  Conversely  there  is  one  fever, 
common  enough  in  cold  and  temperate  climates,  which  seems  to  be  killed 
down  ]>y  the  high  temperature  of  the  tropics,  namely,  scailet  fever.  As 
the  temperature  of  the  human  body  is  fairly  uniform  in  all  climates,  any 
restraining  influence  Avhich  high  or  Ioav  temperature  may  exert  on  these 
disease  germs  can  only  operate  Avhen  the  said  germs  are  outside  the 
body,  and  as  they  pass  from  one  person  to  anothei-.  The  fact  that  these 
germs  are  so  easily  killed,  or  rendered  inert,  by  insignificant  differences 
of  atmospheric  temperature  during  Avhat  must  be  but  a momentary  ex- 
posure, seems  to  tell  very  strongly  against  the  supposition  that  these 
organisms  are  bacteria ; for  such  bacteria  as  Ave  knoAv  arc  organisms 
Avhich,  for  the  most  part,  possess  great  poAvers  of  resistance  both  to  high 
I and  loAv  temperatures,  and  ai'C  certainly  in  all  cases  Avell  able  to  Avith- 
* stand  such  inconsiderable  elevations  and  depressions  of  tcmpci'ature  as 
occur  naturally  either  in  the  temperate  or  in  the  tropical  zones.  Analo- 

Sgous  and  similarly  SAiggestive  contrasts  in  their  heat-resisting  capacities 
are  supplied  by  the  malaria  germ,  and  l)y  the  hypothetical  germs  of  beri- 
beri and  rheumatism. 

Graham  describes  an  endocorpuscular  organism  resembling  llabeam 
f hifjemina  Avhich  he  says  he  found  in  dengue  blood  in  a recent  Syrian 
r epidemic.  He  further  mentions  several  experiments  Avhich  led  him  to 
* conclude  that  the  infection  Avas  transmitted  by  the  common  mosquito 
>>  Culr.r  fatif/ans.  Other  observers  have  entirely  failed  to  confirm  Graham’s 
I statements,  but  Bancroft  in  Austi’alia  regards  the  virus  of  dengue  as 
VOL.  ir. — PT.  ir  2 a 
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Hiialogous  to  that  of  yellow  fever  both  in  respect  to  its  ultra-microscopic 
minuteness  and  its  transmission  hy  Stegomi/ia  fasciata.  His  experiments 
as  regards  the  role  of  the  latter  are  few  and  contradictory;  nevertheless, 
the  epidemiology  of  the  disease  is  quite  in  keeping  with  such  a hypo- 
thesis. 

Treatment. — Were  it  possible  to  secure  perfect  isolation  for  an  indi- 
vidual during  an  epidemic  of  dengue  there  can  be  little  doubt  that  he 
would  escape  the  disease.  Even  comparative  isolation  is  attended  with 
diminished  liability.  In  Amoy,  in  the  epidemic  of  1872,  those  foreigners 
who  lived  in  a more  or  less  rural  and  isolated  situation  were  very  much 
less  affected  than  were  those  who  lived  in  the  Chinese  town,  or  than 
those  whose  occupations  threw  them  much  in  contact  Avith  the  natives. 
This  and  similar  facts  point  to  the  theoretical  possibility  of  thus  avoiding 
dengue  during  an  epidemic ; but  in  the  ordinary  circumstances  of  life  in 
the  tropics  such  precautions  Avould  be  impracticable. 

Like  the  allied  fevers  dengue  I’uns  a definite  course ; it  is  useless  to 
attempt  to  abort  or  cut  it  short.  The  patient  should  go  to  bed  as  soon 
as  he  feels  ill,  and  he  should  keep  his  room  until  the  terminal  cripitinn 
has  quite  disappeared  and  he  feels  Avell  again.  Ten  days  is  not  too  long 
to  allow  in  severe  attacks.  As  in  influenza,  rest,  light  diet,  and  the 
avoidance  of  chills  conduce  powerfully  to  a speedy  and  sound  convales- 
cence. At  the  outset  of  the  fever  some  .saline  diaphoretic  mixture  with 
aconite  may  be  i)rescribed,  perhaps  Avith  adA'antage.  If  the  pains  be 
severe  and  the  fever  high,  antipyrin,  or  antifebrin,  or  belladonna  Avill 
give  great  relief.  Cold  applications  to  the  head  are  comforting.  If  the 
temperature  rise  to  F.  or  over,  cold  sponging  or  the  cold  bath  ought 
to  be  used.  If  the  pains  continue  to  be  very  distres.sing,  a hypodermic 
injection  of  morphine  Avill  afford  Avelcome  relief  and  do  no  harm.  Pui-ga- 
tives  and  emetics  should  be  avoided,  unless  pronounced  constipation  or  a 
history  of  a recent  full  meal  urgently  demand  their  use ; the  pain  caused 
by  the  disturbance  of  the  patient  more  than  counterbalances  any  advantage 
they  might  otherAvise  bring.  The  diet  during  the  fcA^er  must  be  liquid  ; 
afterwards  light  and  nutritious.  Wine  in  the  eai-ly  stages  is  not  advis- 
able. Freshly  made  lemonade  and  iced  AA'ater  Avill  be  found  to  be  the 
most  acceptable  driidcs  during  the  feA’er. 

For  the  pains  experienced  during  conA'alescence,  rubbing  Avith  an 
opium  or  belladonna  liniment,  gentle  massage,  electricity,  salicylates, 
small  doses  of  iodide  of  pota.ssium,  and  quinine  have  each  been  advo- 
cated. Debility  and  anorexia  indicate  tonics  such  as  (juinine,  strychnine, 
mineral  acids,  vegetable  bitters,  and  change  of  air. 

Patrick  Mansox. 
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JAPANESE  KIVER  OR  FLOOD  FEVER ^ 

By  F.  M.  Sand  WITH,  M.D.,  F.R.C.l’. 

Synonyms. — The  Japanese  call  this  disease  jlchuhio,  shima  mushi  (island- 
insect),  ahi  mushi  (red  insect),  kcdani  (hair-lonse),  or  Tsutsugnmushi. 
Fr.  Ficvre  jiuviale  du  Japon. 

Distribution. — This  fever,  first  described  by  I’alni,  Biilz,  and  Kawa- 
kami,  has  so  far  not  been  recognised  in  other  countries,  and  even  in 
Japan  it  is  limited  to  the  banks  of  rivers  on  the  west  coast  of  the  largest 
island.  These  rivers  are  the  Omonogawa  and  Minasegawa  in  the  Akita 
district,  and  the  Shinanogawa,  AkagaAva,  Uwonumagawa,  and  the 
HayadegaAva  in  the  Niigata  district.  The  disease  is  said  not  to  occur 
along  the  Avhole  length  of  these  river  banks,  Avhich  are  flooded  every 
spring  and  summer,  but  to  be  restricted  to  certain  localities ; and  it  has 
not  been  reported  from  the  banks  of  other  Japanese  rivers  Avhich  also 
overHoAv  regularly. 

Causes. — River  fever,  though  infectious,  is  not  contagious,  for  there 
is  no  record  of  transmission  directly  from  one  individual  to  another.  As 
the  bacteriology  and  the  insect  or  other  means  by  Avhich  the  virus  is 
conveyed  are  unknoAvn,  our  knoAvledge  is  confined  to  the  factors  associated 
Avith  the  disease.  According  to  Balz,  it  is  limited  to  the  flooded  A'alleys 
already  mentioned  ; the  river  baidvs,  Avhen  the  flood  subsides,  are  soavu 
Avith  hemp  and  corn,  and  during  the  harvest  in  July  and  August  the 
tlisease  appears.  It  is  chiefly  confined  to  the  harvesters,  but  occasionally 
cases  arise  among  other  men  Avho  are  Avorking  near  the  river,  even 
though  they  have  apparently  not  come  into  direct  contact  Avith  the 
flooded  soil,  nor  Avith  the  harvested  hemp  or  corn.  We  must,  therefore, 
j assume  that  the  virus  can,  in  faA'Ourable  circumstances,  lie  com^eyed  a 

short  distance  by  means  of  soil,  clothes,  corn  or  hemp,  or  that  trans- 
I mission  takes  place  in  consequence  of  the  bite  of  an  insect,  Avhich  may 

|i  or  may  not  be  the  carrier  of  the  virus.  AVe  may  reasonably  assume  that 

I the  poison  enters  the  body  at  the  spot  Avhere  the  local  seal)  and  painful 

I lymphatic  glands  ai'e  discovered.  Biilz  disbelieves  the  assei'tion  of 

I Japanese  physicians  that  the  illness  is  conveyed  by  an  insect  Avhich  bores 

ji  into  the  skin,  like  the  harvest  bug  (Leptiis  anfmnmdis)  of  Europe. 

Tanaka,  in  three  patients,  found  a species  of  proteus,  Avith  staphylococci 
I and  .streptococci  in  the  sputum  and  urinary  sediment,  and  at  the 

f autop.sies  Avas  able  to  confirm  its  presence  in  the  lungs,  lie  thei’efore 

I considers  that  this  micro-organism  is  the  cause  of  the  disease.- 

' Tlie  writer  jiretends  to  no  personal  knowledge  of  this  disease,  but  Inas  been  invited  by 
the  Editors  to  coinyiile  a short  account  of  it  from  the  .sources  available. 

- In  a jiaper  which  apjieared  while  this  article  was  in  the  )>re.ss,  Ogata  (4a)  states  that 
I the  disease  is  due  to  an  amo?boid  protozoon  (s])orozoon),  which  he  calls  Kedaius]iorozooii, 

I conveyed  by  young  lice  living  on  jdants.  Me  found  the  sporozoon  in  the  blood  and  organs, 

obtained  a pure  culture,  and  reproduced  the  disease  in  animals. 
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Sex. — All  ages  and  both  sexes  are  considered  liable,  though  men,  being 
more  exposed  to  the  infection  than  women  and  children,  form  the  bulk 
of  the  patients.  Pregnant  women,  if  attacked,  often  miscarry  and  die. 

Morbid  Anatomy. — Very  little  seems  to  be  known  about  the  patho- 
logical results  of  this  disease,  but  it  is  interesting  to  note  that  no  local 
lesions  of  importance  have  l)een  discovered.  In  two  autopsies  Kawakami 
noted  hypostatic  congestion  of  lungs,  inflammation  of  the  bronchi,  a soft  and 
friable  condition  of  the  myocardium,  enlargement  of  the  spleen,  and  slight 
perisplenitis.  The  small  intestine  near  the  ileo-csecal  valve  was  injected 
in  patches  and  shewed  somewhat  raised  areas,  not  always  corresponding 
to  Peyer’s  patches ; the  mesenteric  glands  were  a little  swollen,  and  the 
jjeritoneum  was  injected.  Both  the  patients  had,  however,  been  drunkards. 

The  incubation  varies  from  four  to  seven  days.  One  attack  does 
not  confer  immunity,  for  several  attacks  have  been  observed  in  the  same 
pei’son. 

Symptoms. — The  fever  has  a fairly  sudden  onset,  and  is  ushered  in 
with  rigors,  headache,  chiefly  in  the  temples  and  forehead,  anorexia, 
general  malaise,  and  debility.  On  the  first  or  second  day  the  patient 
complains  of  pain  in  the  lymphatic  glands  of  the  inguinal,  cervical,  or 
axillary  region  ; and  on  examination  a small,  round,  dry,  blackish  seal)  can 
be  found  near  the  genitals,  or  on  the  skin  of  the  hypochondria,  neck,  or 
armpit.  This  scab,  Avhich  appears  to  be  present  in  eA^ery  case,  is  from 
2 to  4 mm.  in  diameter,  hard  to  the  touch,  and  at  first  tightly  adherent. 
The  skin  around  the  scab  is  soft  and  dull  red  in  colour,  but  not  painful 
or  tender,  though  there  is  sometimes  a little  tenderness  on  pressure  along 
the  lymphatics  leading  from  the  scab  to  the  neighbouring  glands.  The 
glands  affected  are  enlarged,  freely  movable,  and  tender  on  pressure,  and 
do  not  suppurate.  The  inflammation  is  not  confined  to  the  glands 
nearest  the  scab,  but  in  a milder  degree  affects  other  superficial  glands. 

The  temperature  during  the  first  feAv  days  Agarics  betAveen  101°  and 
103°  F.,  conjunctivitis  is  generally  present,  and  there  is  a slight  dry 
cough.  The  tongue  is  moist  and  slightly  coated,  marked  constipation  is 
present,  the  urine  is  scanty  and  often  contains  albumin  (Tanaka).  The 
spleen  is  ahvays  slightly  eidarged.  On  the  sixth  or  seventh  day  Avhen 
the  fever,  Avhich  is  continued  in  character,  has  reached  104°  or  more,  an 
eruption  appears,  first  on  the  face,  spreading  to  the  trunk,  legs,  and  fore- 
arms, though  it  is  said  to  be  less  marked  on  the  thighs  and  upper  arms. 
The  eruption  consists  of  large,  irregular,  dark-red  papules,  which  become 
confluent  on  the  cheeks ; occasionally  a feAv  punctiform  spots  are 
seen  on  the  palate.  The  eruption  indicates  the  height  of  the  disease, 
and,  in  a characteristic  case,  may  last  from  four  to  seven  days,  though  in 
mild  cases  it  may  l)e  present  for  one  day  only.  The  pulse  is  seldom 
very  quick.  The  patient  can  ansAver  questions,  but  there  is  often  slight 
deafness  and  delirium  at  night.  He  complains  a good  deal  of  tenderness 
in  the  skin  and  muscles,  the  lips  are  dry  and  cracked  and  bleed  easily, 
Avhile  the  tongue  is  dry,  coated  at  the  tip  and  edges,  and  denuded  of 
epithelium  in  the  centre.  In  severe  cases  the  epigastrium  and  left 
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hypochondrium  <ire  tender  on  pressure.  During  the  second  Aveek  the 
scab  falls  off  and  leaves  in  its  place  a pnnched-out  idcer,  discharging  a 
little  ])us.  Al^out  the  end  of  the  second  Aveek,  in  an  ordinary  case,  the 
jiatient  perspires  freely,  and  the  temperature  sloAvly  retiu'ns  to  normal, 
Avhile  there  is  a general  improvement  in  all  the  other  symptoms.  The 
appetite  returns,  slight  diarrhma  occurs,  the  urine  becomes  more  copious, 
and  convalescence  is  uoav  i-apid  ; but  the  idcer  may  take  some  Aveeks  to 
heal  entirely,  and  the  glands  in  its  immediate  neighbourhood  ma}’- 
continue  to  be  painful. 

In  mild  cases  thei-e  may  lie  no  recognised  constitutional  symptoms  ; 
the  fever  is  so  trifling  that  the  patient  never  keeps  his  bed,  the  eru])tion 
is  absent  or  unnoticed,  but  the  circumscribed  necrosis  of  the  skin  and  the 
glandular  inflammation  are  alAA'ays  present.  Such  benign  cases  last  only  a 
Aveek,  l)ut  the  average  duration  of  a moderately  severe  attack  is  three  Aveeks. 

Complications. — The  patient’s  life  is  endangered  by  the  complications 
Avhich  may  accompany  or  succeed  a very  serious  attack,  such  as  parotitis, 
mehena,  coma,  mania,  cardiac  Aveakness,  and  mdema  of  lungs.  Balz 
estimates  the  mortality  at  15  per  cent,  Avhile  Tanaka  considers  it  ma}'' 
sometimes  be  as  high  as  70  per  cent. 

The  treatment  must  of  course  be  symptomatic.  Scheube,  after  many 
years’  experience  in  Japan,  points  out  that  the  Japanese  react  to  anti- 
pyretics much  more  easily  than  Eurojieans. 

F.  M.  Sandavith. 
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PLAGUE 

By  J.  F.  Pavxk,  M.D.,  F.R.C.P. 

Bacteriology  and  Specific  Treatment 

By  W.  Bullock,  M.D.,  ami  Capt.  S.  R.  Douglas,  I.M.S. 

Synonyms. — Oriental  plague,  Buhonic  plague,  Bestis,  Pestilentia : Pali 
plague  or  Malmmurrie  (in  India).  The  Black  Death  (fourteenth 
century  in  Europe). 

Definition. — An  acute  infective  febrile  disease,  accompanied  by  in- 
flammation of  lymphatic  glands,  caused  by  a micro-organism,  the  Bacillus 
pestis. 

History  of  the  Plague. — The  first  historical  notice  of  a disease  like 
bubonic  plague  records  its  occurrence  in  Libya  in  the  third  century 
before  Christ,  or  earlier ; but  this  notice  is  oidy  contained  in  a fragment 
from  the  writings  of  a much  later  physician,  Rufus  of  Ephesus  (about 
100  A.D.),  who  also  speaks  of  its  occurrence  in  his  own  time  in  Libya, 
Egypt,  and  Syria.  Whether  it  was  clearly  known  to  the  classical  Greek 
writers  on  medicine  is  doubtful,  but  Aretseus  speaks  of  /3ou)3wi'€s  Aotp,w6es, 
or  pestilential  buboes.  The  plague  of  Athens  described  by  Thuc3ulides  was 
apparently  not  this  disease  ; nor  was  the  destructive  pestilence  in  the  reig?i 
of  Marcus  Aurelitis  alluded  to  by  Galen.  We  meet  with  bubonic  plague 
again,  however,  in  the  great  Plague  of  Justinian,  which  started  from 
Egypt,  542  A.D.,  and  spread  over  a large  part  of  Europe ; it  "was  described 
ill  Gaul  as  lues  inguinaria.  Epidemics  succeeded  one  another  in  this  and 
the  succeeding  century.  At  the  end  of  the  seventh  century  Imbonic  plague 
prevailed  in  Italy  and  is  unmistakably  recorded  by  Bede  in  England. 
But  after  that  time  it  is  difficult  to  follow  the  track  of  iilague.  ISIany 
European  pestilences  are  spoken  of  in  mediajval  histories,  which  may  or 
may  not  have  been  bubonic  plague,  though  no  sufficiently  clear  record 
remains. 

In  the  fourteenth  century  a new  era  began.  All  previous  European 
plagues  could  be  traced  back,  directly  or  remotely,  to  Africa,  and  for  the 
most  part  to  Egjqit ; but  now  a new  epidemic  invaded  Europe  from  Asia 
by  way  of  the  Crimea  and  the  Black  Sea,  its  origin  being  referred  to 
Cathay  or  China.  This  tcri'ible  pestilence,  afterwards  known  as  the 
“Death,”  or  the  “Black  Death,”  appeared  in  Southern  Italy  in  1346-47, 
and  made  its  way  over  the  whole  of  Europe.  It  reached  England  early 
in  1348,  and  for  several,  probably  five  or  six,  years  was  prevalent  in 
\ arious  parts  of  the  country.  Scotland  and  Ireland  were  affected  in  their 
turn  ; and  no  country  in  Europe  seems  to  have  escaped.  A second 
epidemic  occurred  in  1361,  and  a third  in  1368.  The  details  of  this 
great  calamity  have  often  been  dwelt  upon  by  historians,  and  cannot  1)0 
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given  liere.  It  is  calcuhited  by  Hecker  that  25,000,000  persons,  one- 
fonrth  of  the  population  of  Europe,  died  of  this  disease.  Although  it 
has  been  doubted  whether  this  was  the  true  bubonic  jdague,  it  must 
now  be  accepted  that  the  Black  Death  was  that  disease  in  a peculiarly 
malignant  form.  The  first  epidemic  was  evidently  one  of  what  is  now 
called  pneumonic  plague. 

The  great  importance  of  this  event  in  epidemic  history  is  that  from 
this  time  forth,  whether  previously  or  not,  plague  was  established  as  an 
endemic  disease  in  England  and  other  parts  of  Eurojie  ; though  it  is  (piite 
possible  that,  as  Hirsch  and  others  think,  fresh  importations  of  the  virus 
from  the  East  took  place  from  time  to  time.  The  successive  epidemics 
in  Britain  through  the  fifteenth,  sixteenth,  and  seventeenth  centuries  arc 
fully  recorded  in  Dr.  Creighton’s  History  of  Ejndemics  in  Britain.  Finally 
they  culminated  in  that  called  the  Great  Plague  of  London  in  1665,  in 
which  about  70,000  persons  died,  and  which  extended  widely  over  the 
country.  Soon  after  that  the  disease  vanished,  never  to  recur  on  British 
soil  till  a localised  epidemic  occurred  in  1900  at  Glasgow. 

During  these  centuries  most  countries  in  Europe  suffered  from  re- 
peated epidemics.  It  was  noticed  that  the  epidemic  wave  passed  on  the 
whole  from  blast  to  West,  or  from  the  Mecliterranean  countries  north- 
waril  ; this  led  to  the  belief  that  many  European  epidemics  were 
derived  from  more  persistent  foci  of  plague  in  Turkey,  the  Levant,  and 
Egypt.  Hence  the  system  of  quarantine,  by  sea  and  land,  was  intro- 
duced to  stem  the  tide  of  infection.  This  belief,  which  is  that  of  many 
epidemiologists,  receives  support  from  the  fact  that  the  disease  died  out 
earlier  in  Western  than  in  Eastern  Europe.  Holland,  Franco,  S^iain,  and 
Italy  became  exempt,  with  one  notable  exception,  a little  later  than 
England — about  the  end  of  the  seventeenth  century.  Eastern  Germaiiy 
suffered  somewhat  longer,  while  in  Poland,  Kussia,  parts  of  the  Austrian 
Flmpire,  and  the  Danubian  countries,  epidemics  were  repeated  throughout 
the  eighteenth  century.  There  was  thus  a general  eastward  recession  ; 
the  chief  exception  to  which  was  the  great  epidemic  of  Southern  France, 
1720-21.  This  was  generally  attributed  to  the  arrival,  in  the  port  of 
Marseilles,  of  a ship  from  Syria  infected  with  plague,  which  then  spi'ead 
to  the  populous  a!ul  insalubrious  city.  The  invasion  of  islands  like  Sicily 
and  Malta  in  the  eighteenth  century  was  clearly  due  to  the  same  cause, 
namely,  to  a contagion  imported  by  sea. 

During  the  first  half  of  the  nineteenth  century  plague  prevailed  in 
Turkey,  and  made  occasional  advances  into  the  Danubian  countries,  to 
the  shores  of  the  Adriatic  Sea,  and  to  the  south  of  Kussia.  Being  still 
almost  constantly  present  in  Egypt  and  Syria,  it  seemed  to  bo  pcculiaidy 
a disease  of  the  Eastern  Mediterranean,  and  thus  acquired  the  name  of 
Levantine  Plague,  which  has  lasted  to  our  day ; and  the  strictest  pre- 
cautions were  still  taken  in  all  the  Mediterranean  ports  to  prevent  its 
invasion. 

Finally  in  1841  plague  left  Europe  by  its  Eastern  gate,  Constanti- 
nople ; and  in  1843-45  it  became  extinct  also  in  Syria  and  Egypt,  so  that 
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the  old  Levantine  Plague  seemed  to  have  entirely  vanished.  It  is  clear, 
however,  that  in  Asia  Minor  it  did  not  die  away,  but  only  receded  east- 
ward. At  the  beginning  of  the  nineteenth  century,  the  Caucasus,  accord- 
ing to  Tholozan,  was  the  centre  from  which  epidemics  radiated  ; but  in 
the  latter  half  of  the  centuiy  that  centre  was  shifted  to  the  mountains  of 
Kurdistan. 

Good  authorities  still  held  that  the  disease  was  probably  not  extinct ; 
and  tliese  suspicions  were  confirmed  by  accounts  received  at  Constanti- 
nople, in  1853,  of  an  outbreak  in  the  Azir  district  of  Arabia:  this 
outbreak  has  been  followed  by  others  at  intervals  of  some  years  ; the 
last  was  in  1889.  In  1858  the  same  disease  was  heard  of  in  Benghazi, 
where  it  must  have  prevailed  at  least  two  or  three  years  before ; and 
there  it  appeared  again  in  1874,  and  possibly  again  later.  The  plague 
has  also  recurred  in  the  form  of  epidemics  which  were  relics  of  the 
former  wide  distribution  of  plague  along  the  whole  northern  coast  of 
Africa,  and  in  the  province  of  Tripoli  so  lately  as  1837. 

The  more  recent  accounts  of  plague  in  the  Kurdistan  district,  on  the 
frontiers  of  Turkey  and  Persia  and  Mesopotamia,  begin  with  1863;  but 
this  was  not  the  first  appearance  of  the  disease  in  that  part  of  the  world — 
Baghdad  and  the  neighbourhood  had  suffered  severely  at  the  beginning  of 
that  eentury,  and,  for  all  Ave  knoAv  to  the  contrary,  for  centuries  before 
that.  The  chief  known  recent  epidemics  of  Persia  and  Kurdistan  Avere  in 
1863,  in  1870-72,  and  in  1876-77  ; in  1877  a terrible  epidemic  occurred 
also  in  the  tOAvn  of  Resht  on  the  Caspian,  Avhich  is  an  important  occurrence 
in  relation  to  the  ejAidemic  of  1878  on  the  Volga.  The  latest  recorded 
appearance  of  plague  in  Persia  AA^as  in  1885  ; but  it  Avas  probabl}'  not  the 
last.  In  Mesopotamia  (Irak-Arabi),  from  1856  onAvard  for  several  years, 
there  prevailed  Avhat  is  noAv  knoAvn  to  have  been  the  mild  form  of  plague. 
In  1867  a definite  epidemic  Avas  recorded;  in  1873-74  another  extending 
over  a much  Avider  area ; and  in  1876-77  one  still  more  extensiA'e,  and 
very  severe.  A further  outbreak  occurred  in  1880-81,  Avhich  is  said  to 
have  destroyed  one-cpiarter  or  one-third  of  the  population  ; and  another 
in  1884. 

Tlie  above  short  record  is  of  interest  as  sheAving  hoAv  plague  may 
extend  its  area  in  successive  epidemics ; and  also  as  leading  up  to  the 
comparatively  small  epidemic  on  the  Volga  in  1879,  Avhich  caused  so 
much  alarm. 

As  has  been  sheAvn,  in  the  years  1876  and  1877  the  plague  AA’as 
A'ery  active.  In  June  1877,  and  also  in  the  tAA^o  years  folloAving,  a 
febrile  malady  accompanied  by  buboes  ajApeared  in  Astrakhan,  on  the 
northern  shore  of  the  Caspian,  a place  in  direct  communication  Avith 
Resht  on  the  Persian  shore,  and  it  extended  to  neiiihbouring  villages. 
Though  it  Avas  of  a mild  type  and  caused  but  feAv  deaths,  it  AA-as  certainly 
the  mild  or  minor  form  of  plague.  In  October  1878  a similar  but  more 
severe  epidemic  broke  out  in  the  Cossack  settlement  of  Vetlanka,  130 
miles  up  the  Volga ; and  by  December  it  assumed  the  character  of  the 
most  virulent  plague.  The  epidemic  lasted  in  this  village  till  24th 
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.lanuarv  1879  ; but  in  Decembor  it  had  already  spread  to  other  villages, 
in  which  nearly  every  patient  died.  The  last  death  in  the  district 
occurred  on  9th  February.  Though  affecting  a small  population  it  was 
very  fatal,  causing  382  deaths  in  a population  of  1700.  The  mortality 
was  nearly  90  per  cent  of  the  cases. 

This  is  the  simple  history  of  the  epidemic  which  caused  a panic 
throughout  Europe.  It  is  easily  explained  Avhen  wo  see  its  filiation  with 
the  mild  epidemic  of  xVstrakhan  and  the  severe  one  of  Resht ; and  the 
general  prevalence  of  plague  in  Persia  in  previous  years.  A minor  epi- 
demic in  1877  at  Baku,  on  the  western  shore  of  the  Cas}han,  furnishes 
another  link.  Why  the  disease  Avas  so  mild  in  Asti'akhan  and  so  A iru- 
lent  in  Vetlanka  Ave  cannot  tell ; but  a like  sudden  dcA^elopment  of  the 
severe  out  of  the  mild  form  of  the  disease  is  frequently  observed. 

llistory  of  Plague  in  India. — Plague  has  been  little  known  in  India  since 
the  English  settlement  and  occupation,  and  the  climate  has  been  thought 
to  be  too  hot  for  it : a supposition  signally  falsified  by  recent  events. 
Recent  historical  research  has  brought  to  light  records  of  epidemics  of 
plague  in  India  from  the  eleventh  to  the  end  of  the  seventeenth 
century.  In  the  seventeenth  century  it  Avas  particularly  severe.  In 
1015  a great  epidemic,  Avhich  lasted  for  eight  years,  affected  the  Punjab, 
Lahore,  Agra,  and  Mahometan  India  generally.  From  1684  to  1702 
or  1707  an  epidemic  ravaged  Bombay,  Surat,  and  a great  part  of 
Western  IndicO.  Plague  then  disappeared  from  India  (as  it  did  about 
the  same  time  from  Western  Europe)  for  more  than  a century,  but 
reappeared  in  the  nineteenth  century  in  three  distinct  centres.  In  1815 
an  outbreak,  following  a famine,  occurred  in  Cutch,  Guzerat,  and 
Kattywar.  The  next  year  it  reappeared,  but  Avent  aAA'ay  in  1820.  In 
1836  an  epidemic  Avhich  broke  out  at  Pali  in  Raj[)utana  became  knoAvii 
as  the  Pali  i)lague,  but  it  ceased  in  1838.  In  a different  locality,  the 
districts  of  GurAvhal  and  Kumaon  on  the  south-Avest  of  the  Himalayas, 
a disease  knoAvn  locally  as  Mahamurrie  (which  is  undoubtedly  bubonic 
' plague)  has  recurred  several  times  since  1823.  The  last  great  epidemic 
Avas  in  1876-77,  but  it  recurred  in  1886,  1888,  1893,  and  1897.  No 
connexion  can  be  traced  betAA-een  the  above-mentioned  localities  of 
plague,  nor  betAveen  them  and  any  other.  The  outbreak  of  plague 
in  Bombay  in  1896  is  best  considered  in  connexion  Avith  plague  in 
China. 

History  of  Plague  in  China. — The  first  definitely  knoAvn  ejfidemic  of 
I plague  in  Yunnan  Avas  about  1860  ; but  it  is  belie.A’ed  to  have  existed  there 
I at  least  since  1850,  and  probably  long  before.  There  Avas  an  epidemic  at 
I the  beginning  of  the  nineteenth  century.  It  is  said  to  have  i-ecuri-od  nearly 
I every  year  up  to  1893.  In  Pakhoi  it  is  also  freqixent,  but  Avas  absent 

' from  1884  to  1893.  The  epidemics  of  Pakhoi  Avere  derived,  it  is 

probable,  from  Yunnan,  and  it  is  impossible  to  trace  the  deriA-ation  of 
the  disease  from  any  other  district.  From  Pakhoi  it  must  iii  some  AAvay 
have  found  its  Avay  to  Canton,  Avhere  it  broke  out  in  January  1894. 
Hi'.  Rennie  of  Canton  thinks  it  passed  by  land,  since  in  1891  a severe 
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epidemic  occurred  in  the  distiict  of  Kaochao,  lying  to  the  north  of 
I’akhoi ; and  in  the  spring  of  1894  it  prevailed  in  towns  to  the  south 
of  Canton.  From  Canton  to  Hong  Kong  it  was  carried  by  the  busy 
and  continual  traffic  between  the  two  places.  It  spread  also  to  Macao, 
and  other  places  on  the  coast,  but  not,  it  would  seem,  far  inland  in 
China.  The  mortality  of  Canton  in  1894  is  variously  given  from  40,000 
to  100,000. 

The  Modern  Period  of  Plague. — The  extension  of  plague  to  the  great 
seaport  of  Hong  Kong  has  proved  to  be  one  of  the  most  momentous 
events  in  the  history  of  the  disease.  The  first  epidemic  in  Hong  Kong 
lasted  from  May  to  August  1894,  and  caused  a mortality  of  3000.  It 
has  recurred,  with  a varying  mortality,  every  year  since,  except  1895, 
The  social  conditions,  filthy  habits,  with  excessive  overcrowding  in  small, 
dark,  miventilated  rooms  generally  situated  over  great  warehouses 
swarming  with  rats,  supplied  a very  favourable  soil  for  the  disease.  But 
the  most  important  point  is  that  the  communication  of  the  port  (as  also 
that  of  Canton)  by  sea  traffic  with  almost  all  parts  of  the  world  has 
carried  plague  to  seaports  in  India,  Australia,  Japan,  Europe,  Africa,  and 
America,  North  and  South.  This  general  distribution  has  completely 
changed  the  aspect  of  a map  shewing  the  pai  ts  of  the  world  affected  with 
plague,  Avhich  has  now  become  a “ pandemic  ” and  not  merely  a local 
epidemic  disease.  But  its  filiation  is  clearly  tz’aceable  to  the  endemic 
centre  of  Yuiuian  in  China.^ 

It  was  in  Hong  Kong  that  the  Bacillus  pestis  was  discovered  by 
Kitasato,  and  later,  but  independently,  by  Yersin  {ride  p.  365).  Passing 
over  the  nearer  epidemic  foci  which  were  set  up,  we  come  to  Bombay, 
where  plague  appeared  early  in  1896.  Bombay,  which  had  been  free  fi’om 
plague  for  nearly  200  years,  has  an  active  trade  with  Hong  Kong,  and  as 
the  disease  first  appeared  near  the  docks  where  the  Chinese  trade  enters, 
and  no  other  source  of  infection  could  be  traced,  it  is  almost  certain  that 
the  infection  came  from  China.  ' The  precise  date  and  manner  of  con- 
veyance of  infection  could  not  be  traced,  since  the  disease  was,  as  usual, 
first  overlooked  ; but  before  the  outbreak  amozig  men  was  perceived, 
rats  are  Icnown  to  liave  been  dying  in  large  numlzers,  so  that  it  is  most 
probable  that  rats  conveyed  in  ships  were  the  channel  of  infection.  The 
disease  was  at  first  mild,  and,  as  is  usual  in  such  cases,  the  diagnosis  of 
plague  was  received  with  doubt  or  denial  till,  in  October  1896, 
Ilaffkine’s  bacteriological  investigations  left  no  doulit  on  the  matter. 
The  disease  spread  from  the  dock- quarter  to  other  parts  of  the  city. 
Active  preventive  mea,sures  were  taken,  but  were  hindered  by  the  active 
resistance  of  the  popzilation.  In  February  1897  the  highest  mortality 
was  reached.  Nearly  half  the  population  left  the  city  in  a panic, 
carrying  the  infection  to  other  parts,  and,  since  then,  plague  has  never 
been  absent  from  Bombay. 

’ A map  of  the  present  distribution  of  plague  is  given  in  Dr.  Simpson’s  “Treatise  on 
Plague.’’  Comparative  maps  shewing  the  distribution  before  and  after  1894  were  given  in 
the  Quarterly  Reriev:,  Get.  1901. 
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The  terrible  increase  of  plague  throughout  India  may  l)e  seen  in  the 
following  table  of  official  statistics,  which  are  probably  less  than  the  actual 
mortality : — 


DEATHS  FROM  PLAUUE  IN  INDIA 


1896-97  (Bombay  Presidency  only) 

57,965 

1898  (chiefly  Bombay  Presidency) 

1 18,103 

1899  

134,102 

1900  

91,627 

1901 

282,496 

190-2 

574,493 

1903  

853,573 

1904  

1,040,000 

1905  

945,405  1 

Total  for  ten  years 

4,097,764 

Average  annual  mortality 

409,776 

In  the  earlier  years  Bombay  Presidency  shewed  the  highest  mortality, 
but  in  1904  the  Punjab  took  the  lead  with  the  enormous  mortality  of 
350,000  in  a popidation  of  less  than  twenty-seven  millions. 

The  infection  gradually  spread  to  other  places  in  the  Bombay 
I’residency  ; Poona,  near  at  hand,  and  Karachi,  on  the  Persian  Gulf,  were 
infected  in  the  same  year,  and  many  less  important  places,  so  that  by 
June  1897  the  plague  had  obtained  a wide  diffusion.  The  details  may 
be  read  in  Dr.  Simpson’s  excellent  Avork,  but  must  be  passed  over  here. 
In  1898  and  1899  the  epidemic  assumed  larger  proportions  and  caused 
a much  higher  mortality.  From  the  Bombay  Presidency  the  epidemic 
gradually  spread  over  a large  part  of  India.  In  Calcutta  there  were  in 
1890  some  imported  cases,  but  no  seiious  outbreak  took  place  till  1898. 
Nevertheless,  in  1899,  the  Royal  Commission,  on  leaving  India,  spoke 
I,  somewhat  hopefully.  Since  that  time,  hoAvever,  the  epidemic  has  every 
I year  enlargecl  its  boundaries,  and  increased  in  its  fatality.  The  Central 
! and  North-West  Provinces,  several  native  states,  and  Bengal  have  been 
overrun.  The  plague  has  extended  far  into  the  Madras  Presidency, 

I though  on  the  Avhole  with  a much  loAver  mortality,  and  the  city  of 
I Madras  has,  apart  from  some  imported  cases,  remained  free ; as  has  the 
I southern  part  of  the  Presidency.  In  1906  the  mortality  was  much  lowci’ 
( than  in  1905.  Thus,  in  the  first  six  months  of  1905  the  deaths  Tiumbered 
• 876,735;  while  in  1906  the  recorded  mortality  for  the  corresponding 

period  Avas  only  234,356  ; and  the  Avhole  mortality  for  1906  Avill  probably 
be  not  moi-e  than  a C[uarter  of  Avhat  it  Avas  in  the  year  before. 

Leaving  India  aa^c  must  briefly  indicate  the  further  distribution  of 
plague  over  the  AA'orld.  In  1898,  for  the  first  time  in  its  previously 
knoAvn  history,  plague  reached  the  Southern  Ilcmi.sphere  at  the  port  of 
TamataA’e  in  Madagascar,  possibly  from  Bombay  or  from  Cutch  or  some 


’ Of  which  876,73.3  occurreil  in  the  first  .si.v  months  of  the  year. 
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other  port  on  the  Persian  Gulf.  From  Tamatave  cases  were  carried  to 
Lorenzo  Marquez  on  the  African  coast,  hut  no  epidemic  resulted,  though  in 
the  next  year  plague  prevailed  in  the  adjacent  parts  of  Mozambique.  In 
1898  or  1899  plague  appeared  at  Port  Louis  in  Mauritius,  where  it  has 
continued  ever  since ; it  Avas  thought  to  be  derived  from  Tamatave. 
In  1899  Penang  in  the  Straits  of  Malacca,  and  Manila  in  the  Philippines, 
were  affected.  In  the  Pacific,  Numea  in  New  Caledonia,  and  Honolulu 
in  the  Sandwich  Islands,  received  the  infection.  In  Australia,  Sydney 
had  a definite  though  limited  epidemic,  clearly  traced  to  rats  in  the  port, 
but  whether  from  Hong  Kong  or  from  Numea  was  uncertain.  There 
was  a limited  epidemic  in  Queensland,  while  hlelbourne,  Adelaide,  Perth, 
a!ul  Auckland  received  some  imiiorted  cases,  but  the  epidemic  was  arrested. 
Western  Europe,  after  nearly  tAvo  centuries  of  exemption,  Avitnessed  a 
serious  epidemic  of  plague  at  Oj)orto  in  1899,  or  perhaps  originating 
earlier.  The  source  Avhence  it  Avas  infected  Avas  not  clear,  but  probably  it 
came  from  India.  Lisbon  suffered  later,  but  less  seA^erely.  So  strange 
are  the  Avays  of  plague,  that  from  Oporto  the  Western  Hemisphere 
for  the  first  time  in  history  became  infected.  Plague  Avas  first  recognised 
at  Asuncion,  an  inland  port  on  the  river  Plate,  and  it  afterwards  appeared 
at  Santos  in  Brazil,  Rosario  on  the  river  Plate,  Buenos  Ayres,  and  Rio  de 
Janeiro.  In  the  same  year  plague  appeared  in  its  old  home,  Egypt,  at 
Alexandria,  on  the  higliAvay  betAveen  India  and  Europe.  It  has  more 
than  once  since  reappeared  in  Egypt,  but  that  it  has  not  taken  root  in 
that  classic  land  of  plague  must  be  set  doAvn  to  the  excellent  measures 
taken  by  the  Egyptian  medical  authorities. 

In  North  America,  San  Francisco  has  more  than  once  been  the  scene 
of  small  epidemics  of  plague,  confined  to  the  Chinese  quarter  and 
apparently  introduced  from  China.  Some  ports  in  IMexico  are  said  to 
have  been  infected  Avith  plague,  but  the  evidence  AAms  not  quite  complete. 
The  disease  has  been  carried  to  NeAv  York  by  shipping,  but  has  not  caused 
any  epidemic. 

In  1900  plague  again  crossed  the  Atlantic,  this  time  from  AVest  to 
East,  being  brought  by  a ship  from  Rosario  to  Cape  Toavii,  Avhere,  in 
spite  of  quarantine  precautions,  it  invaded  the  city  and  s]5read  also  to  I’ort 
Elizabeth.  Other  outbreaks  in  South  Africa  Avere  reported  during  the 
Avar  and  since,  chiefly  in  the  ports,  but  one  outbreak  occurred  at 
Johannesburg.  Tlie  plague,  howeAmr,  does  not  seem  to  have  taken  root 
seriously  in  that  country. 

Recently  plague  has  spread  to  ucav  regions.  ToAvards  the  end  of 
1905  it  broke  out  in  Seistan,  a district  in  the  east  of  Persia,  border- 
ing on  Afghanistan,  quite  remote  from  the  older  seats  of  plague  in 
AVestern  Persia,  bordering  on  Kurdistan.  It  seems  probable  that  this 
epidemic  Avas  derived  indirectly  from  India,  but  the  connexion  cannot  be 
precisely  traced.  A great  mortality  among  I’ats  Avas  observed. 

A fresh  recurrence  has  been  observed  during  the  Avinter  1905-6  in 
the  Russian  province  of  Astrakhan,  on  the  banks  of  the  A^olga,  at 
Krasnoi  Jar,  close  to  A'ctlauka,  the  scene  of  the  fatal  outbreak  of  1879. 
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The  mortality  Avas  not  large,  l^ut  the  rate  of  case-fatality  Avas  95  per 
cent.  Xo  mortality  among  rats  has  been  recorded.  Recent  outbreaks 
in  the  neighbouring  districts  bordering  on  the  Caspian  make  it  probable, 
as  some  think,  that  there  is  an  endemic  centre  of  plague  in  those  regions. 

Plague  has  continued  to  prevail  in  its  old  seats,  Hong  Kong  and 
Southern  China,  Avhile  epidemics  are  reported  from  Japan,  Formosa,  and 
Mauritius,  but  on  the  Avhole  Avith  diminished  mortality.  From  the  South 
Americau  ports,  as  Rosario  and  Buenos  Aju’os,  plague  is  still  reported 
from  time  to  time  ; and  on  one  occasion  occurred  on  a steamer  arriving 
from  those  parts  at  Hamburg,  but  did  not  spread  to  the  port. 

The  small  epidemic  at  (llasgoAv  in  1900  Avas  the  first  knoAvn  in 
Britain  since  the  great  plague  of  London.  It  Avas  strictly  limited  by 
preventive  measures,  but  aftected  about  thirty  persons,  of  Avhom  eight 
died.  Contrary  to  the  experience  of  almost  all  recent  epidemics  in  sea- 
ports, no  mortality  among  rats  Avas  observed,  and  the  source  of  infection 
Avas  not  traced  (vide  p.  378).  Since  the  general  diffusion  of  plague  by 
sea  traffic,  cases  have  been  imported  to  several  British  ports — Livei’pool, 
King’s  Lynn,  Cardiff,  Bristol — and  a fcAv  have  been  brought  to  London, 
but  it  has  ahvays  been  found  possible  to  prevent  an  epidemic.  In  May 
1906  a feAv  cases  occurred  at  Leith,  possibly  due  to  infected  rats. 

In  Australian  and  South  African  ports  plague-infected  rats  haA^e  been 
on  several  occasions  detected,  but  no  humazi  epidemic  has  resulted. 

On  the  Avhole,  plague  has  shcAvn  in  all  parts  of  the  Avorld  diminished 
virulence  and  less  tendency  to  spread. 

J.  F.  P. 

Bacteriology. — The  cause  of  plague  is  the  Bacillus  pestis.  During 
the  Hong  Kong  outbreak  in  1894  the  Japanese  Go\"ernment  sent 
Kitasato  and  Aoyama  to  investigate  the  disease.  AriiA'ing  at  Hong 
Kong  on  12th  June,  Aoyama  made  an  autopsy  on  14th  dune,  and 
Kitasato  found  numerous  bacilli  in  the  buboes,  heart-blood,  liver,  and 
spleen.  Similar  bacilli  Avere  also  found  in  a living  case  of  plague  on  the 
same  day.  On  15th  June  cultures  had  developed,  and  Avith  the  excep- 
tion of  pigeons,  all  the  animals  inoculated  by  Kitasato  died  Avith  signs 
identical  Avith  those  of  human  bubonic  plague.  Yersin,  sent  by  the 
French  GoA^ernment,  arrived  in  Hong  Kong  on  15th  June,  and  independ- 
ently discovered  the  same  bacillus,  Avhich  has  since  been  called  Bacillus 
pestis.  In  the  tAvelve  years  Avhich  have  elapsed  since  the  discovery  of 
Kitasato  and  Yersin  an  immense  literature  on  the  plague  bacillus  has 
accumulated,  and  it  has  been  identified  all  over  the  Avorld  as  the  cause 
of  plague.  In  the  great  Indian  outbreak  it  Avas  studied  by  Hankin, 
Childe,  Haffkine,  aud  others;  and  as  the  epidemic  increased  in  magnitude 
Commissions  sent  by  Avarious  European  Govei'nments  proceeded  to  India, 
Avorking  especially  in  Bombay.  The  results  of  their  investigations  have 
been  published  in  a series  of  reports,  of  Avhich  the  most  important  are 
the  splendid  Avork  of  Allirecht,  Ghon,  and  Muller  of  the  Austrian 
Commission  (3),  the  report  of  the  German  Commission  (19)  (Gaffky, 
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Ffeilier,  Sticker,  :uid  Dieudonne),  the  exhaustive  analysis  of  the  Indian 
Plague  Commission  (Fraser,  A\h’ight,  and  Itufi'er),  and  the  Reports  on 
Plague  Investigations  in  India  issued  by  the  Advisory  Committee 
appointed  by  the  Secretary  of  State  for  India  (1906)  [77a].  The  Russian 
Commissioners  (Wyssokowitch  and  Zabolotny)  also  contributed  many 
valuable  additions  to  our  knowledge.  Apart  from  India  and  Hong 
Kong,  the  bacillus  Avas  studied  in  Formosa  (Ogata  (73)  and  Yamagiwa), 
Alexandria  (Ootschlich  (31)),  Japan  (Kitasato  and  Shiga),  Sydney 
(Thompson  and  Tidswell),  Oporto  (Kossel  (50),  Calmette  (9),  Vagedes), 
and  in  South  America  (Voges  and  Uriarte). 

A number  of  laboratory  studies  have  also  been  completed  in  Europe, 
mostly  in  special  plague  laboratories  by  Nuttall,  Kolle,  Otto,  Martini, 
and  Kossel  in  Bei’lin  ; by  Markl  in  Vienna  ; by  Roux  and  Metchnikoff'  in 
Paris ; Lustig  and  Galeotti  in  Florence ; Abel  and  Nocht  in  Hambui-g ; 
and  by  Klein,  Hewlett,  and  Douglas  in  London. 

Protection  of  human  beings  has  also  been  carried  out  on  a large  scale 
in  India,  chiefly  through  the  efforts  of  HafTkiiie  with  his  plague  vaccin. 

At  the  present  time  we  possess  a fairly  complete  knowledge  of  the 
pure  bacteriology  of  the  plague  bacillus.  A great  deal,  however,  still 
requires  to  be  done,  especially  concerning  the  manner  in  Avhich  the 
bacillus  is  transmitted,  and  concerning  the  best  means  for  producing  a 
specific  prophylaxis  and  cure. 

Plague  belongs  to  the  group  of  Pasteurelloses  (Lignieres)  or  haemor- 
rhagic septicaemias  (Hueppe),  diseases  due  to  microbes  Avhich  are  highly 
pathogenetic  to  vertebrates.  In  all  cases  these  microbes  invade  the 
blood-stream  acutely,  and  are  found  in  large  numbers  over  the  whole 
body. 

Morphology  of  the  Plague  Bacillus. — The  plague  bacillus  as  seen  in 
])lague  lesions  (bubo,  blood)  shews  a considerable  polymorphism.  In 
general,  three  forms  may  be  readily  recognised,  viz.,  short  oval  rods,  long 
rods,  and  large  oval,  pear-shaped  or  round  pale-stained  involution-forms. 
Of  these  the  predominating  form  is  the  short  oval  rod  measuring  Do  to 
1'7  /XX  to  ’7  /X  (Albrecht  and  Ghon).  The  involution-forms  occur  most 
frequently  in  artificial  media  and  in  cadavers  Avhich  have  been  maintained 
at  relatively  high  temperatures  (30°  C.).  The  onset  of  involution  in 
cadavers  has  been  studied  by  Sata,  who  finds  that  from  the  second  day 
after  death  the  bacilli  begin  to  alter,  especially  in  the  liver  and  spleen. 
The  alteration  ]>roceeds  up  to  the  fourth  day,  but  after  this  time  the 
jffague  bacillus  could  not  be  identified  with  certainty,  as  it  Avas  overgroAvn 
I)y  other  microbes.  The  tendency  to  the  foi-mation  of  involutio!i-forms 
is  important  from  a diagnostic  point.  In  jmre  cultures  all  the  forms  of 
])laguo  bacilli  mentioned  above  are  also  met  Avith.  The  occurrence  of 
club-like  swellings  and  l)ranches  on  ])lague  bacilli  has  l)een  described  by 
Albrecht  and  Ghon,  Kolle  (52),  and  8kschivan  (87). 

Staining. — The  plague  bacillus  exhibits  in  a high  degree  the  pheno- 
menon of  polar  staining,  the  micro-organism  appearing  stained  at  the  ends, 
but  not  at  call  or  onl}’’  slightly  so  in  the  middle.  This  can  be  Avell  seen  in 
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films  stained  by  Kornanowsky’s  method,  or  by  first  treating  the  film  with 
dilute  acetic  acid  followed  by  dilute  carbol-fuchsin.  Kossel  and  Overbeck 
ivcommeiul  fixing  the  films  in  absolute  alcohol  which  is  then  eva})orated 
oil’.  Although  a striking  feature  of  the  idagiie  bacillus,  ])olar  staining  is 
by  no  means  jieculiar  to  it,  as  other  Pasteurella?  closely  allied  to  the  ])lague 
bacillus  may  shew  the  same  phenomenon.  It  is  often  difficult  to  stain  the 
plague  bacillus  well  in  sections.  Sublimate  or  alcohol  are  the  best 
fixatives  for  ])lague  tissues,  the  most  suitable  stains  being  carbol-thionin, 
or  polychrome  methylene  blue  with  glycerin-ether  treatment.  The  Unna- 
Pappenheim  methylgreen-pyronin  mixture  gives  very  instructive  pictures, 
the  bacilli  sPinding  out  of  a brilliant  pink  colour.  Although  Kitasato 
described  the  plague  bacillus  as  reffiining  to  a certain  extent  the  stain  in 
dram’s  process,  other  observers  have  all  found  it  to  be  Gram  negative. 
Contrary  to  the  opinion  of  Kitasato  and  Gordon  the  plague  bacillus  is  non- 
motile.  Endospores  have  not  been  observed,  and  from  the  experiments 
made  on  the  resistance  of  the  bacillus  to  injurious  influences,  it  is  improb- 
able that  they  are  formed.  In  their  earliest  descriptions  both  Kitasato 
and  Yersiti  described  the  occurrence  of  a capsule  surrounding  the  plague 
liacillus.  It  can  easily  be  seen  in  cultures  and  even  in  bubonic  pus  by 
Komanowsk3’’s  method  or  an^"  of  its  modifications. 

Cultures. — Growths  of  plague  bacilli  can  be  obtained  betAveen  wide 
ranges  of  temperatures,  viz.  4°  to  43“  C.  Unlike  most  pathogenetic 
bacteria  the  optimum  tempei’ature  for  growth  is  about  30°  C.,  a higher 
temperature  being  very  apt  to  produce  attenuation  in  the  virulence. 
Although  it  can  grow  to  a certain  extent  under  anaei-obic  conditions, 
aerobic  are  much  more  favourable.  On  the  surface  of  an  agar  ])late  at 
30°  C.  colonies  of  plague  bacilli  are  visible  under  a low  magnification  us 
small  drops,  like  dew,  at  the  end  of  twenty-four  hours.  In  forty-eight 
hours  the3"  have  a Avhitish-grey  colour  with  transmitted  light.  The  centie 
is  usually  granular,  and  in  characteristic  colonies*thei'e  is  a broad  in  egular 
or  crenated  edge.  It  has  been  repeatedly  noted  that  atypical  colonies 
of  a yellowish-grey  colour  and  with  a regular  edge  make  their  appearance. 
'I'he  times  at  Avhich  the  colonies  appear  on  the  plate  are  also  difl'ercnt, 
some  being  delayed  as  late  as  forty-eight  hours.  Streaked  on  agar  a fine 
gre^dsh-white  mass  of  somewhat  slimy  consistence  develops  in  twenty- 
four  to  forty-eight  hours. 

Salt  Agar. — On  adding  2 5 to  3’.5  per  cent  of  sodium  chloride  to 
ordinary  agar,  liankin  and  Eeumann  found  tliat  there  Avas  a very  rapid 
development  of  involution-forms,  the  staining  ])i'operties  of  Avhich  are 
usually  very  poor.  The  value  of  these  forms,  from  a diagnostic  stand- 
point, is  considerable,  as  they  occur  quicker  and  Avith  greater  certainty 
in  the  case  of  Bacillus  pestis  than  in  the  case  of  other  bacteria  Avhich 
ma\'  othenvise  closely  re.semble  the  plague  bacillus.  (SkschiA'an  (87), 
Kosenfeld,  Matzusch ita. ) 

On  the  surface  of  gelatin  plates,  cultivated  at  20°  to  25°  C.,  colonies  of 
Bacillus  pestis  become  visible  to  the  naked  eye  in  tAvo  to  three  days.  At 
first  transparent,  they  soon  become  grc3dsh  Avith  a raised  granular  centre 
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and  a filmy  crenated  fiat  margin.  The  structure  of  such  colonies  can  be 
very  clearly  made  out  in  contact  preiwations.  As  in  the  case  of  agar, 
the  individual  colonies  differ  from  each  other  in  their  rate  of  growth,  and 
also  to  a certain  extent  in  appearance.  Thus,  Dr.  Klein  (48)  has  described 
atypical  colonies  which  were  not  unlike  growths  of  B.  coli,  and  were 
composed  of  the  short  oval  rod  form  of  the  bacillus,  whereas  in  the 
“ typical  ” colonies  tlie  bacilli  are  usually  larger.  In  a gelatin  stab-culture 
a thread-like  growth  appears  in  the  track  of  the  needle  with  a surface 
growth  similar  to  that  seen  on  a gelatin  plate.  The  gelatin  is  never 
licpiefied. 

Tlie  growth  on  peptone  bouillon  has  been  described  as  characteristic. 
At  first,  a general  cloudiness  makes  its  appearance,  then  a deposit, 
Kound  the  edge  of  the  vessel  a whitish  ring  of  growth  ensues,  and  this 
finally  spreads  over  the  surface  as  a fine  membrane.  As  Haffkine 
shewed,  a layer  of  oil  or  ghee  favours  the  surface  growth,  the  Imcilli 
hanging  down  fi'om  the  oil  - drops  in  the  form  of  stalactites.  This 
stalactite  formation  is  not,  however,  peculiar  to  Bacillus  'p^stis.  In  old 
bouillon  cultures  the  medium  appears  clear  above  and  shews  a granular 
deposit  below.  After  three  to  four  days  the  growth  in  bouillon  often 
seems  to  stop,  to  reappear  again  and  to  go  on  for  weeks.  Indol  is  not 
produced. 

In  general  the  cultural  diagnosis  of  the  plague  bacillus  rests  on  the 
appearance  of  the  surface  colonies  on  gelatin  at  20°  to  25°  C.,  and  on  agar 
at  30°  C.,  the  former  being  especially  useful  when  the  plague  material 
is  contaminated  with  other  bacteria  as  occurs  in  fteces,  sputum,  etc. 

Vitality  of  the  Blague  Bacillus  outside  the  Body. — A very  large  number 
of  experiments  have  been  made  to  determine  the  degree  of  resistance 
which  the  plague  bacillus  manifests  outside  the  living  body.  In  general 
the  resistance  is  slight.  Pure  cultures  kept  in  the  dark  and  prevented 
from  drying  can  live  fof  months  or  even  3’ears  (N.  K.  Schultz  (84)) ; a 
gi-eat  deal  depends,  however,  on  the  temperature  at  which  the  experi- 
ments have  been  carried  out.  Thus  when  kept  at  37°  C.,  Gladin  found 
cultures  alive  up  to  two  to  three  months,  whereas  at  15°  C.  living  bacilli 
were  still  found  for  260  da^^s.  Difference  of  opinion  jDrevails  as  to  how 
long  the  bacillus  can  exist  in  the  i)resence  of  other  bacteria.  The 
German  Plague  Commission  saw  plague  bacilli  growing  freely  in  cultures 
along  with  B.  coll,  whereas  the  Indian  Iffague  Commission  found  in 
such  experiments  that  the  plague  bacillus  quickljr  died  out.  The 
German  Plague  Commission  recovei-ed  living  plague  bacilli  from  a spleen 
Avhicli  had  been  putrid  for  four  days.  From  the  putrid  cadavers  of  plague 
rats,  Otto  (76)  was  able  to  demonstrate  the  plague  bacillus  (by  in- 
oculating guinea-pigs)  up  to  sixty-one  days,  provided  that  the  cadavers  had 
been  kept  at  a low  temperature  (6°  C.).  In  bid^onic  pus  Albrecht  and 
Ghon  found  that  the  bacillus  could  survive  for  twenty  days.  AVith  steri- 
lised faeces  inoculated  with  plague  bacilli,  growths  were  obtained  up  to  the 
fourth  day  (German  Pl.ague  Commission).  In  fresh  water  the  bacillus  has 
been  found  to  exist  as  long  as  twenty  days  (Wilm,  Abel  (1)).  Wurtz  and 
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llourges  recovered  plague  bacilli  in  a virulent  condition  from  sea-vater 
after  forty-seven  da}’s. 

In  previously  sterile  earth,  in  which  the  organic  matter  had  been 
destroyed  by  heat,  Gladin  found  the  bacillus  for  two  weeks,  whereas  if 
the  organic  matter  were  present  it  could  live  for  three  months,  hh'en  in 
non-sterilised  earth  Gladin  was  occasionally  successful  in  getting  cultures 
as  late  as  two  months.  Marsh  found  that  the  plague  bacillus  could  live 
for  months  in  sterile  cow-dung.  The  Advisory  Committee  on  Plague  in 
India  (190C)  made  a number  of  experiments  on  the  infectivity  of  floors 
grossly  contaminated  with  cultui'es  of  11.  pesiis.  Throughout  India  there 
are  two  common  forms  of  floors,  the  one  consisting  of  ordinary  cow-dung 
})lastered,  when  moist,  on  the  top  of  beaten  earth,  the  other  consisting  of 
a mixture  of  lime  and  sand,  and  commonly  called  “ chunam.”  On  cow- 
dung  floors  it  was  found  that  jdague  bacilli  remain  infective  for  forty- 
eight  hours,  as  tested  by  inoculating  scrapings  into  rodents.  If  the  latter 
were  permitted  to  run  free  on  such  Hoors  infection  was  not  observed  later 
than  twenty-four  hours.  In  the  case  of  grossly  infected  floors  of 
“ chunam  ” the  destruction  of  the  plague  bacillus  took  place  within 
tAventy-four  hours. 

In  buried  bodies  plague  bacilli  have  been  recovered  at  periods  A^arying 
from  three  (Gotschlich)  to  thirty  (Yokote)  days.  Sata  and  Klein  (47a) 
Avere  able  to  recover  the  bacilli  from  the  bodies  of  guinea-pigs  that  had 
been  buried  for  sixteen  and  seventeen  days  resjDectiA^ely.  Zlatagoroff  (113) 

I found,  hoAvever,  that  if  cacku^ers  were  kept  at  0°  C.,  living  plague  bacilli 
could  be  grown  even  after  109  days. 

Resistance  to  Drying. — Bubonic  pus  dried  on  a cover-glass  at  28°  to  30°  C. 
AA'as  sterile  after  four  days  (Kitasato).  In  numerous  experiments  carried 
out  by  the  German  Plague  Commission,  plague  material  being  dried  on 
' ■ Avool,  silk,  linen,  glass,  Avood,  etc.,  the  latest  period  at  Avhich  the  ])lague 
bacillus  AA'as  found  alive  AV’as  six  days.  Drying  in  an  exsiccator  over 
sulphuric  acid  at  29°  to  31°  C.  is  rapidly  fatal  to  plague  bacilli  (Wilm,  Abel 
, (1),  de  Giaxa  and  Gosio,  Gladin),  but  much  depends  on  the  tempei'aturc 

at  Avhich  the  exjjeriments  are  carried  out.  In  dust  the  bacillus  ai>pears 
to  die  out  rapidly,  Gcrmanno  finding  that  bacilli  diied  to  a fine  dust 
had  been  killed.  This  suggests  that  transference  of  plague  by  currents 
of  air,  except  at  very  short  ranges,  is  improbable.  In  grain  and  meal 
the  plague  bacillus  died  out  A\dthin  thirteen  days  (llankin). 

Exposure  to  light  causes  rapid  sterilisation  of  plague  cultures  or 
S other  infected  material.  From  bubonic  pus  dried  on  cover-glasses  and 
9 exposed  to  light,  Kitasato  Avas  unable  to  oljtain  living  cultures  after  thi-ee 
J to  four  hours. 

Heat. — Dry  heat  at  100°  C.  kills  jdague  bacilli  in  one  hour  (Abel  (1)), 
¥ at  140°  C.  in  three  minutes,  and  at  1 G0°  C.  in  one  minute  (Gladin).  ExpeiP 

•'  ments  Avhich  have  been  made  on  the  action  of  moist  heat  haA'e  yielded  some- 

Avhat  divergent  results,  no  doubt  because  the  individual  bacilli  possess 
A'ai'ying  degi'ees  of  resistance.  At  temperatures  of  55°  to  7 0°  C.  the  German 
'1  Plague  Commission  obtained  sterilisation  of  cultures  in  ten  minutes. 
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Albrecht  and  Ghon  and  Gotschlich  found  that  even  after  being  heated 
to  5r)°-G0°  C.  for  one  hour  cultures  might  still  be  infective  for  animals, 
although  the  media  inoculated  from  such  cultures  remained  sterile. 
Gotschlich  heated  agar  emulsions  to  68°  C.  for  twenty  minutes,  and  then 
kept  them  at  65°  C.  for  sixty  minutes,  and  found  that  although  they  were 
apparently  sterile  they  were  still  infective.  Kolle,  however,  maintains 
that  if  the  culture  mass  be  frequently  shaken  during  the  process  of 
heating,  a temperature  of  65°  C.  renders  it  both  sterile  and  non-infective. 
Dr.  Klein  (47)  also  regards  a temperature  of  65°  C.  as  eftective. 

Exjjosure  to  cold  has  verj"^  little  effect  on  the  plague  bacillus,  as  it  can 
survive  at  a temperature  varying  from  0°  C.  to  - 20°  C.  for  as  long  as  forty 
days  (Wladimiroff  and  Kressling).  Kasansky  even  found  it  alive  in  5i 
months  at  a temperature  of  — 31°  C. ; Gladin  froze  and  thawed  cultures 
daily,  and  the  bacillus  was  still  alive  after  forty  days  of  such  treat- 
ment. 

Resistance  to  Chemical  Disinfectants. — Cultures  of  the  plague  bacillus 
are  easily  destroyed  by  chemical  antiseptics  ; thus,  perchloride  of  mercury 
(1  per  cent)  destroys  the  vitality  at  once,  1 per  cent  carbolic  acid  or  1 
per  cent  lysol  in  ten  minutes,  1 per  cent  chloride  of  lime  in  five  minutes, 
sulphuric  acid  1 in  2000  also  in  a few  minutes.  No  extensive  series 
of  experiments  have  been  carried  out  on  the  chemical  disinfection  of 
plague  bacilli  under  natural  conditions  in  houses,  soil,  clothes,  etc. 

Pathogenetic  Action. — The  plague  bacillus  exerts  a pathogenetic  action 
on  a large  number  of  animals.  Prominent  among  these  in  jioint  of 
susceptibility  are  rats,  guinea-pigs,  mice,  and  monkeys,  which  succumb 
with  septicmmia  in  a few  days  after  the  inoculation  of  very  minute 
quantities  of  plague  material.  In  other  cases,  as  in  the  horse,  dog,  cat, 
sheep,  cattle,  goats,  and  pigs,  inoculation  is  followed  by  a rise  of  temjjera- 
ture  and  the  formation  of  a local  lesion,  ending  mostly  in  recovery. 
Unless  inoculated  with  enormous  doses  of  highly  virulent  cultures,  all 
birds  shew  a very  high  degree  of  immunity.  In  discussing  the  patho- 
genetic effects  in  animals,  most  stress  must  be  laid  on  plague  in  rats,  as 
there  is  a close  connexion  between  plague  in  these  rodents  and  outbreaks 
in  man. 

Experimental  Plague  in  Rats. — All  varieties  of  rats  can  be  infected 
with  the  greatest  ease  through  almost  any  channel.  After  subcutaneous 
inoculation  of  a minute  quantity  of  a virulent  plague  culture  the  animals 
manifest  definite  symptoms  of  illness  within  thirty-six  hours ; the  hair  is 
ruffled,  the  breathing  rapid,  and  a peculiar  nervousness  or  apprehension 
is  usually  a striking  symptom.  The  temperature  is  raised  and  the  con- 
junctivse  suffused.  At  the  site  of  the  inoculation  there  is  usually  a definite 
swelling  which  increases  up  to  the  time  of  death,  which  in  acute  cases 
supervenes  about  the  third  day.  The  characteristic  lesions  seen  after 
death  are  the  enlargement  of  the  regional  lymph-glands  Avhich  are  deep 
red,  while  the  surrounding  connective  tissue  is  cedematous  and  frecpiently 
h?emorrhagic.  The  spleen  is  much  enlarged,  dark  and  firm,  and  generally 
presents  a peculiar  dry  surface  on  section.  The  lungs  are  more  or  less 
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congested  :iiul  occasionally  shew  petechiaj.  Enlargement  of  the  mesenteric 
glands  is  constant  and  the  intestine  is  hypenemic.  In  the  blood-stained 
mncns  found  in  its  lumen  plague  bacilli  can  be  demonstrated  as  in  all 
other  parts  of  the  body.  They  are,  however,  in  greatest  numbers  in 
the  spleen  and  buboes.  In  some  cases  death  may  be  delayed  till  the 
fifth  to  seventh  day ; in  these  cases  necrosis  of  the  buboes  has  set  in. 
When  the  cultures  are  very  to.xigenetic  the  post-mortem  appearances  of 
plague  may  be  masked  and  the  bacilli  not  so  uniforndy  distributed. 

Cutaneous  Inoculation. — Peculiar  interest  attaches  to  the  effect  of 
applying  plague  cultures  superficially  to  shaved  areas  of  skin.  The 
value  of  this  method  was  first  noted  by  xVlbrecht  and  Ghon  in  the  case 
of  guinea-pigs.  Kolle  had  only  partial  success,  how^ever,  in  the  case  of  rats. 
In  Captain  Douglas’s  hands  this  was  found  to  be  a very  efiective  method 
of  producing  a fatal  pest  septiciemia,  for  out  of  167  experiments  on  rats 
only  3 per  cent  survived.  Technically  this  method  of  inoculation  is  best 
carried  out  by  placing  the  rat  in  a holder  and  shaving  a strip  in  the 
middle  line  betw'een  the  teats.  A glass  rod  dipped  in  an  emulsion  of 
plague  bacilli  is  then  applied  to  the  shaved  area  over  an  extent  of  one 
square  centimetre.  At  the  time  of  death,  which  usually  occurs  on  the 
second  to  fourth  day,  the  local  lesion  in  the  sha\  ed  area  consists  of  three 
to  si.x  small  vesicles  wdth  a slightly  raised  and  inflamed  base.  The  fluid 
of  the  vesicles  contains  an  enormous  number  of  plague  bacilli  and  a few 
degenerated  leucocytes.  Where  the  skin  has  been  less  carefully  shaved 
the  whole  area  over  which  the  culture  was  spread  may  be  thickened, 
reddened,  and  rough,  but  without  vesicular  formation.  Buboes  are 
present  in  all  cases,  even  when  the  animal  succumbs  as  eaidy  as  the 
second  day.  The  buboes,  mostly  axillary  in  position,  vary  in  size  but 
are  always  teeming  with  plague  bacilli.  Suppuration  of  the  buboes  may 
occur  in  cases  that  recover  or  do  not  die  till  the  seventh  to  tenth  day. 
When  a culture  of  plague  bacilli  has  been  applied  to  the  skin  of  immunised 
rats  the  local  lesion  may  be  entirely  absent ; at  other  times  a large  ulcer 
■ involving  the  w^hole  thickness  of  the  skin  residts.  Occasionally  the 
local  change  is  in  the  form  of  a carbuncle-like  swelling  in  w^hich  the 
skin  is  undei'mined  by  pus  which  escapes  through  a number  of  openings. 
Intraperitoneal  inoculation  of  very  minute  quantities  of  cultures 
produces  a rapidly  fatal  septicremia.  In  some  cases  death  seems  to  take 
place  mainly  from  intoxication,  the  bacilli  being  found  chiefl\'  in  the 
peritoneum  over  the  liver  and  spleen. 

Infection  hy  the  Mouth. — AVhen  rats  are  fed  on  plague  cultures  or  0!i 
i|  plague  cadavers,  the  bacilli  become  localised  in  the  submaxillary  lyjiiphatic 
II  glands  and  give  rise  to  buboes  in  this  site.  Later,  the  animals  fall  victims 
||  to  a plague  sepsis.  Kolle  saw  submaxillary  buboes  in  forty  out  of  sixty 
I*  rats  infected  fer  os.  In  four  other  cases  the  result  Avas  a primary  pest 
i pneumonia,  and  in  two  cases  only  the  development  of  mesenteric  buboes 
I shew’^ed  that  the  bacilli  had  passed  through  the  intestinal  wall.  Captain 
I Douglas  Avas  not  so  successful  in  experiments  of  this  kind.  Linder 
|(  natural  conditions  rats  frequently  infect  themselves  by  gnaAving  the  pest 
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caduvers  of  other  rats,  the  bacilli  gaining  entrance  through  small  abrasions 
in  the  nose  and  mouth  and  leading  to  buboes  about  the  jaws. 

In  the  intestine  necrotic  changes  may  be  found  in  Peyer’s  patches. 
In  half  of  Kolle’s  cases  bacilli  were  also  found  in  large  numl>ers  in  the 
blood  and  organs.  The  feces  of  rats  infected  by  the  mouth  may  contain 
virulent  plague  bacilli  (German  Plague  Commission). 

The  German  Commission  were  the  first  to  shew  that  the  inoculation 
of  plague  cultures  on  the  unbroken  nasal  or  conjunctival  mucous 
membrane  leads  almost  im^ariably  to  a fatal  issue  in  about  three  days, 
with  cervical  bubo  and  enlargement  of  the  spleen.  Batzaroft’  stated 
that  a primary  pest  pneumonia  frequently  ensues  after  cultures  have  been 
inserted  into  the  nose,  but  Bandi  proved  that  in  such  cases  the  pneumonia 
is  really  secondary  to  the  cervical  bubo.  The  development  of  buboes  in 
the  neck  after  conjunctival  inoculation  is  probably  the  result  of  the 
bacilli  passing  down  the  nasal  duct  into  the  l}anphatic  apparatus  of 
the  throat. 

Plarim  Pneumonia  in  Eats. — Martini  produced  primary  pest  pneumonia 
in  rats  in  thirty-two  out  of  thirty-six  experiments  by  causing  them 
to  inhale  plague  cultures  atomised  into  a spray.  The  lesions  in  the 
lungs  were  sometimes  lobular,  sometimes  lobar ; pleurisy  was  frequent. 
Martini  thought  that  the  virulence  of  the  cultures  was  exalted  by  passage 
from,  lung  to  lung,  and  that  when  these  exalted  bacilli  wei'e  inoculated 
intraperitoneally  or  subcutaneously  they  had  a great  tendency  to 
become  localised  in  the  lung. 

Chronic  Eat  Plague. — Kolle  and  Martini  have  drawn  attention  to  the 
occurrence  of  a chronic  form  of  rat  plague  manifesting  itself  in  encapsuled 
foci  with  caseous  contents  in  the  submaxillary  and  bronchial  glands,  and 
associated  with  induration  of  the  lungs.  Chronic  rat  plague  has  also  been 
investigated  by  Captain  Douglas,  who  found  the  l)acilli  localised  in  lesions 
of  the  lungs,  spleen,  and  glands.  In  104  partially  immunised 
rats  dying  before  the  eleventh  day  after  inocidation  with  virulent 
plague  material,  a lesion  was  foimd  in  the  lungs  and  usually  associated 
with  pleurisy.  In  a few  cases  dying  late  (eighth  to  tenth  day)  or 
surviving  after  the  eleventh  day,  l)ouglas  found  numerous  sharply 
circumscribed  small  nodules  of  whitish  colour  in  the  spleen.  The 
nodules,  which  often  numbered  several  hundreds,  were  exactly  like 
the  lesions  of  chronic  plague  or  pseudo-tuberculosis  seen  in  guinea-pigs. 
The  spleen  for  the  most  part  was  much  enlarged  by  the  presence  of  the 
nodules,  which  contained  large  numbers  of  plague  bacilli,  especially  in  the 
centre.  Chronic  plague  lesions  were  also  met  with  in  the  liver  and  thymus 
glands,  although  the  animals  Avere  apparently  in  good  health.  In  chronic 
[julmonary  or  s|)lcnic  plague  emaciation  is  a common  symptom.  In  two 
cases  in  which  the  bacilli,  isolated  from  chronic  lesions,  were  tested,  they 
were  found  to  be  attenuated.  In  Kolle’s  experiments,  hoAvcver,  it  is  to 
be  noted  that  the  bacilli  were  virulent. 

Eo-pcrimental  Plague  in  Guinea-pigs. — Like  the  rat,  the  guinea-pig 
exhibits  an  extreme  susceptibility  to  the  plague  bacillus,  fatal  infection 
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ensuing  ufter  cutaneous,  subcutaneous,  intraperitoneal,  intranasal,  and 
conjunctival  inoculation,  or  from  inhalation,  or  ingestion  of  plague 
cultures.  The  symptoms  and  signs  of  experimental  plague  in  guinea-pigs 
are  identical  with  those  described  in  the  case  of  the  rat.  Chronic  plague 
in  the  guinea-pig,  with  the  production  of  large  gi’anulomatons  masses 
in  the  liver,  peritoneum,  and  spleen,  was  first  noted  by  Albrecht  and  Glion. 

Mice  appear  to  be  less  susceptible  to  plague  than  either  rats  or  guinea- 
pigs,  although  virulent  cultui'es  usually  induce  a fatal  septicaemia  in  three 
to  five  days.  Infection  per  os  often  yields  negative  results. 

Unless  virulent  cultures  are  employed,  rabbits  often  escape  on  account 
of  a considerable  degree  of  insusceptibility  which  they  possess,  hlungooses 
(Herpestes),  squirrels  (Sciuriis)  (German  Plague  Commission),  bats 
{Vespemgo  (Gosio)),  jerboas,  and  sisels  (Tartakowsky)  are  highly  suscep- 
tible to  plague.  Skschivan  inoculated  a tarbagan  (Ardomys  hohac) 
subcutaneously,  and  produced  a general  pest  sepsis  with  hcemorrhagic 
pneumonia,  without  local  lesion  or  bubo.  As  was  first  shewn  by 
Wyssokowitch  and  Zabolotny  in  Bombay,  monke}’s  are  highly  susceptible 
to  plague  virus,  a prick  in  the  finger  with  a needle  dipped  in  a culture 
leading  to  pest  sepsis  and  death.  Similar  results  were  obtained  by 
Albrecht  and  Ghon  and  by  the  German  Commission.  Semnopithems 
enteUns  was  found  to  be  much  more  susceptible  than  the  brown  monkey 
of  India  (Macacus  radiatus).  Captain  Douglas  produced  fatal  sepsis 
in  monkeys  from  conjunctival,  nasal,  and  vaginal  inoculation  of  minute 
quantities  of  plague  cultures.  Intratracheal  inoculation  gave  rise  to 
primary  plague  pneumonia.  After  ligation  of  the  femoral  or  brachial 
veins,  injection  of  plague  cultures  into  the  corresponding  limbs  caused 
typical  buboes,  sepsis,  and  death  in  a few  days. 

Dogs,  jackals,  and  hyjenas  are  mostly  insusceptible,  even  after  sub- 
cutaneous inoculation  (Albrecht  and  Ghon).  Plague  bacilli  may  be  passed 
per  rectum  after  ingestion  of  plague-infected  material.  Ogata  was  able  to 
infect  cats,  but  the  details  of  his  experiments  are  not  known.  In  the 
hands  of  the  German  Commission  subcutaneous  inoculation  of  cultures 
caused  fever  and  local  reaction,  ending  ultimately  in  recoveiy.  Wilm, 
Kolle,  and  Hunter  saw  cervical  buboes  in  cats  fed  on  plague  material.  In 
four  animals  treated  in  this  way  Kolle  had  two  positive  results,  one  dying 
from  pest  sepsis  with  cervical  bubo,  the  other  recovering  after  a severe 
illness  with  great  emaciation. 

Pigs. — Wilm  in  Hong-Kong  observed  a rise  of  temperature  and  local 
oedema  after  subcutaneous  inoculation  in  the  Hank.  Dr.  Lowson  fed  swine 
with  large  quantities  of  plague  spleens,  but  they  recovered.  The  German 
and  Austrian  Commissions,  and  also  di  Mattel,  had  similar  negative  results. 

Horses  usually  react  with  local  lesion  and  fever  (Yer.sin,  Calmette,  and 
Borrel),  and  the  same  applies  to  cattle,  sheep,  and  goats.  Hedgehogs  are 
immune  (Nuttall),  as  are  pigeons,  fowls,  ducks,  singing-birds  (Albrecht 
and  Ghon,  London),  lizards,  serpents,  salamanders,  and  frogs  (Nuttall). 
Devell  states  that  he  had  positive  results  with  Ficma  teniporaria. 

Behaviour  of  Plague  Bacilli  in  the  Bodies  of  Insects. — A very  extensive 
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literature  exists  on  the  part  played  by  insects  in  the  dissemination  of 
plague ; the  animals  specially  studied  in  this  connexion  being  flies, 
bugs,  mosquitoes,  pediculi,  ants,  cockroaches,  and  fleas.  Considerable 
differences  might  be  expected  according  as  the  insects  are  suctorial 
or  not,  or  according  as  those  which  infest  animals  such  as  rats 
are  capable  of  transferring  themselves  to  the  body  of  man.  In 
non -suctorial  insects  the  plague  bacillus  may  exist  on  the  surface  of 
the  body,  and  may  in  this  way  be  transferred  to  articles  of  diet, 
clothing,  and  so  forth.  Extreme  interest  also  attaches  to  the  question  of 
the  fate  of  the  plague  bacillus  in  the  alimentary  canal  of  the  insects,  and 
especiall}’  whether  it  is  capable  of  multiplying  in  this  site  or  undergoing 
changes  in  virulence  either  in  the  direction  of  exaltation  or  attenuation. 

Flies. — In  at  leAst  one  instance  Yersin  found  plague  bacilli  in  the 
bodies  of  dead  flies  in  the  laboratory  at  Hong-Kong ; Dr.  Nuttall  also 
succeeded  in  infecting  Mvsca  domestica,  and  lie  considered  that  flies  might 
act  as  disseminators  of  the  disease.  Dr.  Hunter  examined  flies  caught  in 
the  plague  wards  and  in  the  public  mortuary  in  Hong-Kong  during  a 
plague  ejDidemic ; washings  obtained  from  the  bodies  of  the  insects  did 
not  shew  plague  bacilli,  whereas  emulsions  made  from  crushed-up  flies 
shewed  that  20  to  75  per  cent  were  plague  infected.  He  also  found  that 
plague  flies  were  capable  of  infecting  pieces  of  sugar  over  which  they 
had  been  allowed  to  crawl.  According  to  Dr.  Hunter’s  evidence,  plague 
bacilli  may  remain  virulent  in  the  intestine  of  the  fly  for  forty-eight 
hours.  In  Manila,  Herzog  had  negative  results  with  cultures  made 
from  flies. 

Fugs. — Experimentally,  Dr.  Nuttall  found  that  plague  bacilli  can  be 
recovered  from  the  intestine  of  ordinary  bed-bugs  up  to  seventy-two 
hours  after  they  had  sucked  the  blood  of  rats  suffering  from  plague,  but 
it  was  impossible  to  transmit  plague  through  the  agency  of  these 
insects. 

According  to  the  testimony  of  the  Austrian  and  German  Commissions, 
it  is  unlikely  that  the  transmission  of  plague  takes  place  by  the  Mosquito. 
Dr.  Hunter  also  failed  to  find  Imcilli  in  the  body  of  mosquitoes  even  wheii 
they  had  been  caught  under  the  mosquito-nets  of  plague  patients.  In  the 
Arthur  Eoad  Hospital  in  Bombay  no  transfer  of  plague  from  the  sick  to 
the  healthy  took  place  although  the  staff  and  attendants  Avere  constantly 
bitten  by  mosquitoes  (Choksy  (41)).  Cultures  made  ivom  qicdicuH  obtained 
on  the  bodies  of  plague  patients  Avere  negative  in  Dr.  Hunter’s  hands. 
It  AA%as  suggested  by  the  Indian  Commission  that  the  unusually  high 
incidence  of  plague  among  the  Jains  in  India  might  be  referable  to 
transmission  by  pediculi.  This  race,  as  is  Avell  knoAvn,  has  an  aversion 
to  taking  any  life,  and  are,  in  consequence,  infested  Avith  lice.  In 
Manila,  Herzog  found  plague  bacilli  in  three  lice  {P.  cajniis)  from  a child 
dead  of  plague. 

ylvis. — Dr.  Hankin  believes  that  certain  ants  {Mon&morium  vastafor) 
can  ti'ansmit  plague,  and  they  often  succumb  after  feeding  on  plague  rats. 

Cod-roaches. — Dr.  Hunter  maintains  that  this  insect  (Flafta  orienfalis) 
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may  harbour  plague  bacilli  ami  carry  them  for  a considerable  distance. 
He  was  able  to  recover  cultures  from  the  fajces  of  cockroaches. 

Flcai. — Since  Ogata  was  al)le  to  infect  mice  by  means  tjf  fleas  which 
had  sucked  the  blood  of  pest-infected  rats,  these  insects  have  been  the 
subject  of  much  study.  Simond  especially  developed  the  flea  hypothesis 
of  the  transmission  of  i)lague,  by  trying  to  establish  that  plague  rats  are 
eminently  infective  when  infested  with  fleas,  lie  considered  that  when 
deserted  by  their  parasites,  rats  cease  to  be  dangei-oiis,  and  that  plague  can 
pass  from  infected  rats  to  other  animals  which  have  not  been  directly  in 
contact  with  them  or  Avith  their  infected  excretions.  Loir  went  so  far  as 
to  affirm  that  the  fleas  of  rats  are  the  main  agents  through  which  the 
disease  is  transmitted  to  man.  Kolle  and  Nuttall  obtained  negative 
results  in  attempting  to  infect  healthy  rats  with  fleas  obtained  from 
plague-stricken  animals.  The  Indian  Plague  Commission,  from  analysis  of 
the  data  on  the  subject  of  fleas  and  plague,  came  to  the  conclusion  “ that 
Simond’s  proposition  that  suctorial  insects  play  an  imj)ortant  part  in 
the  transmi.ssion  of  plague  from  sick  to  healthy  animals  is  so  tveak  as  to 
be  hardly  deserving  of  consideration.”  In  recent  years  attention  has 
been  directed  mainly  to  the  question  whether  rat- fleas  are  capable  of 
biting  man.  According  to  Galli- Valerio  (20)  the  common  fleas  (lyjjJilo- 
vs)/Jla  mnsculi  and  Pulex  fasciatus)  of  the  Eiu’opean  rat  do  not  attack 
man,  and  'biraboschi  is  of  a similar  opinion.  In  100  rat-fleas  examined 
by  TidsAvell  in  Australia  the’ incidence  of  the  different  varieties  Avorked 
out  as  follows:  Pulex  fasciahis,  10  percent;  Typhlopsylla  musciili,  8 per 
cent ; Pulex  $errnticeps,  1 per  cent ; and  Pulex  pullidus  (P.  clmypis 
Kothschild),  81  per  cent.  Of  these  the  last,  according  to  TidsAA^ell, 
Gauthier  and  Raybaud,  and  Tiraboschi  (94),  can  attack  man.  On  ship- 
rats  Tiraboschi  found  that  40  per  cent  of  the  fleas  belonged  to  Pulex 
vnirimu^.  Both  P.  murimis  and  P.  pallidus  have  been  subsequently 
identified  as  P.  cheopis  Rothschild.  In  five  experiments,  Gauthier  and 
Riybaud  succeeded  in  conveying  plague  from  rat  to  rat  by  fleas,  and 
they  also  identified  P.  pcdlidus  as  present  upon  ship-rats.  Zirolia  states 
that  even  P.  irri/ans  and  P.  serraiicepfi  can  retain  plague  bacilli  in  their 
bodies  for  seA^en  to  eight  days.  Captain  Liston  made  the  important 
obsei’A'ation  that  Avhereas  in  Eiirope  Pvleo:  (Cerutophylus)  fasciatus  and 
TyphhpsyUa  musculi  are  the  common  rat-fleas,  their  place  to  the  extent  of 
99  per  cent  is  taken  in  the  case  of  the  Indian  rat  l)y  a non-jiectinated 
flea  — Ptdex  cheopis  Rothschild.  Mainly  through  the  reseaiches  of 
Major  Lamb  and  Captain  Liston,  remarkable  adAmnees  have  been  made 
in  our  knoAvledge  of  the  flea-plague  question  during  1906.  They  have 
sheAvn  that  the  common  Indian  rat-flea  (P.  cheopis)  can  transmit  })lague 
from  an  infected  to  a healthy  rat  confined  in  close  proximity,  but  jn  otected 
in  .such  a Avay  as  to  prevent  direct  infection.  In  b.5  per  cent  of  the 
experiments  healthy  rats  living  in  flea-proof  cages  contracted  plague  after 
receiving  fleas  collected  from  rats  dying  of  septicremic  plague  in  other 
cages.  Experiments  Avere  also  made  in  a series  of  cabins — so-called  ‘‘go- 
doAvns  ” — constructed  to  imitate  the  conditions  obtaining  in  the  spread 
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of  plague  in  man,  guinea-pigs  and  monkeys  being  used.  The  essential 
differences  in  the  construction  of  the  various  experimental  “go-downs 
were  in  the  roofs,  and  especially  whether  the  latter  permitted  rats  to 
harbour  in  them,  and  whether  light  was  permitted  to  enter  or  not.  It 
was  found  that  if  fleas  were  excluded,  the  closest  contact  of  plague- 
infected  animals  Avdth  healthy  animals  did  not  give  rise  to  an  epizootic 
among  the  latter.  If  fleas  were  j^resent,  an  eiDizootic  once  started 
spread  from  animal  to  animal,  the  rate  of  progress  depending  directly 
on  tlie  number  of  fleas  present.  It  is  possible  even  for  an  epizootic  of 
plague  to  start  without  any  direct  contact  of  healthy  and  infected 
animals.  Infection  may  also  take  ^diJ-ce  without  actual  contact  with 
contaminated  soil,  and  that  this  is  not  due  to  aerial  iiifection  is  shewn  by 
the  observation  that  animals,  suspended  a suitable  distance  above  a soil 
grossly  contaminated  with  plague -material  and  above  plague -stricken 
animals  infested  with  fleas,  escape  the  disease.  In  plague-infected  human 
dwellijigs,  guinea-pigs  can  contract  plague  by  becoming  infested  with 
plague-infected  fleas,  and  this  even  in  houses  which  have  been  disinfected. 
In  some  experiments  animals,  protected  and  unprotected  against  Heas, 
were  exposed  side  by  side  in  plague-infected  houses  with  the  result  that 
the  former  remained  free  from  the  disease,  while  a number  of  the  latter 
succuml)ed  to  plague.  The  dissection  of  seventy-sevenfleascaughtininfected 
houses  shewed  that  twenty-three  hai'boured  B.  pestis.  These  experiments, 
which  have  been  published  in  the  reports  on  plague  investigations  in  India, 
issued  by  the  Advisory  Committee  appointed  by  the  Secretary  of  State 
(1906),  seem  definitely  to  prove  that  under  natural  conditions  the  rat- 
flea  is  an  important  agent  in  the  dissemination  of  plague.  In  the  case 
of  non-suctorial  insects  the  dissemination  of  the  bacillus  may  also  be 
brought  about  indirectly. 

Spontaneous  Plague  in  Animals. — The  plague  bacillus  frerpiently 
infects  animals  in  natural  conditions,  the  different  groups  attacked 
being  widely  separated  from  each  other  in  the  zoological  scale. 

Primates. — Epidemics  of  plague  in  monkeys  occurred  in  the  modern 
Indian  epidemic  in  several  places,  especially  at  Hubli,  Ankleschwar, 
Dharwar,  and  Kankhal.  In  Hardwar  and  the  neighl>ourhood,  Dr. 
llankin  isolated  plague  liacilli  nine  times  in  twenty-six  cases.  Both  the 
highly  susceptible  langurs  {Sernnopifhec.vs  entelhis)  and  the  brown  monkey 
(Macacus  radiafus)  succumbed  to  plague  in  the  al)Ove  places. 

Carnivora. — Dogs  and  cats,  especially  the  latter,  occasionally  develop 
plague.  In  India  this  was  noted  in  Bombay,  Karachi,  Bandra,  and 
in  particular  at  Ahmednagar,  which  was  overrun  with  cats  having  open 
buboes  in  thcii-  necks.  Dr.  Ashburton  Thompson  saw  spontaneous  plague 
in  cats  in  Sydney  ; Dr.  Hunter  the  same  in  Hong-Kong.  In  the  South 
African  epidemics  at  Port  Elizabeth,  East  London,  and  King  'William’s 
Town,  numbers  of  cats  were  proved  to  bo  suffering  from  plague 
(Mitchell). 

Ungnlata. — Cattle,  sheep,  goats,  and  horses  are  not  known  to  contract 
plague  spontaneously.  Some  have  reported  epizootics  in  pigs  during 
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plague  ejudemics,  but  it  is  very  doubtful  whether  the  animals  succumbed  to 
the  genuine  plague  bacillus  or  to  other  forms  of  luumorrhagic  septicaunia. 

Jiodi’iitia. — Bubonic  plague  has  frequently  been  seen  to  aflect  rodents. 
Thus,  a great  plague  mortality  occurred  among  squirrels  (Sciunis palmanm) 
in  the  Indian  epidemic,  especially  at  Hubli,  Bangalore,  Poona,  and  other 
places.  Of  special  interest  is  a disease — in  all  probability  true  plague — 
which  periodically  decimates  the  Siberian  marmot  or  tarbagan  {^Irdornys 
hohac)  in  Transbaikalia  and  Mongolia.  This  tarbagan  plague  was  first 
reported  l)y  Beliarsky  and  Keschetnikoff  at  Akscha  on  the  Chinese 
frontier,  the  marmots  shewing  buboes  in  the  axillm  and  groins.  It  is 
believed  that  the  tarbagan  pest  is  highly  contagious  to  man,  and  it  was 
proved  beyond  doubt  by  Zabolotny  that  genuine  bubonic  plague  is 
common  in  Eastern  Mongolia.  Rudenko  also  considers  that  tarbagan 
plague  and  human  plague  are  identical ; the  susceptibility  of  the 
tarbagan  to  cultures  of  Bacillus  'pestis  has  been  referred  to  on  p.  373. 

Spontaneous  Blague  in  Bats. — By  far  the  most  important  animals  in  this 
connexion  are  rats,  the  occurrence  of  spontaneous  j)lague  in  which  is 
one  of  the  constantly  observed  features  of  the  modern  plague  pandemic. 
As  Abel  (2)  has  shewn,  the  older  literature,  with  the  exception  of  notices 
by  xVvicenna  and  Orraeus,  is  practically  devoid  of  references  to 
spontaneous  disease  in  rats  preceding  or  accompanying  bubonic  plague 
in  man.i  Marked  attention  was  directed  to  rats  in  1894,  when  laige 
numbers  succumbed  to  plague  in  Canton  and  Hong-Kong  (Yersin). 
The  incidence  of  rat  plague  in  India  has  been  fvdly  analysed  by  the 
Indian  Plague  Commission,  the  most  strilcing  outbreaks  occurring  at 
Mahlghala,  Chak-Khalal,  and  Banga.  According  to  Kitasato,  rats  wei-e 
infected  to  the  extent  of  10  per  cent  in  Osaka  and  20  per  cent  in  Kobe 
(Japan).  Plague  in  rats  was  also  seen  in  Formosa,  Mongolia,  and  in 
the  Philippines.  In  Africa  vast  plague  mortality  in  rats  occurred 
in  Kisiba  (Koch  and  Zupitza) ; to  a less  extent  the  same  was  seen 
in  Alexandria  (Gotschlich),  Lorenzo  Marquez  (Vaz),  Port  Elizal)eth 
' (Blackmore),  Durban  and  Maritzburg  (Hill),  Reunion  (Maxse).  In 
Australia  human  plague  in  Sydney  was  constantly  preceded  by  rat 
plague  (Thompson  and  Tidswell) ; in  Europe  plague  e})izootics  in  rats 
occurred  in  Oporto  (Ko.ssel  and  Frosch),  in  Naples  (Santoli(|uido),  and  in 
the  Odessa  epidemic  of  1901-2  (Rabinowitsch  and  Kempner,  Skschivan). 
In  South  America  a similar  state  of  affairs  prevailed  in  Asuncion 

^ In  inodern  times  tlie  death  of  rats  during  or  before  epidemics  of  human  plague  was 
first  noticed  in  India,  viz.  in  Kurnaon,  1834  - 35,  hy  Gowau  ; in  the  Pali  plague, 
1836-38,  liy  Forbes  and  White  ; and  in  Kurnaon,  1853,  by  Francis  ami  Planck.  But 
‘ there  are  records  of  rat-disease  associated  with  human  plague  at  least  as  early  as  the 
beginning  of  the  seventeenth  century  in  India,  .shewing  that  the  phenomena  were  so  striking 
as  to  arrest  the  attention  of  laymen  as  well  as  of  phy.sicians.  Even  in  the  ancient  Hindu 
sacred  book  called  BhAgavat  Purana  (?  ninth  century  a.d.),  mortality  among  rats  is 
i referred  to  as  a sign  of  a coming  plague.  There  is  an  equally  <lefinite  account  of  rat-]ilague 
i in  Yunnan  at  the  beginning  of  the  nineteenth  century,  and  probably  it  was  observed  there 

I much  earlier.  It  is  thought  that  the  reference  in  the  first  book  of  Samuel  (vi.  5)  to 

’ “mice  that  mar  the  land”  during  the  plague  of  “emerod.s,”  which  afflicted  the  Philistines, 
I is  an  indication  of  plague  among  mice  or  rats  ; though  Biblical  commentators  give  a dillerent 
> explanation. — .J.  F.  P. 
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and  in  Kosario  (Uriarte),  likewise  in  Brazil  (Havelburg)  and  in  Peru. 
In  several  parts  of  India,  however,  no  connexion  could  be  traced  between 
rat  and  human  plague.  The  same  applies  to  the  Kolobowka  epidemic 
(Tartakowsky).  In  the  Glasgow  epidemic  in  19C0  no  plague  could  be 
found  in  the  rats,  nor  was  there  any  evidence  that  rats  played  a part  in 
the  dissemination  of  the  disease.  In  1901  and  1902,  however,  large 
numbers  of  plague-infected  rats  were  found,  and  in  several  instances  in 
houses  in  which  human  beings  had  contracted  the  disease  iii  1901. 
The  species  of  rats  which  have  been  found  to  sufi’er  from  plague  are 
Mils  dccnmanus  (brown  rat),  Mus  rattus  (Ijlack  rat),  and  its  variety  Mus 
(ilexamlri)ius.  There  does  not  appear  to  be  any  difference  in  susceptibility 
among  the  various  sjoecies  of  rats.  Autopsies  on  plague  rats  shew  the 
same  changes  as  those  met  with  in  the  experimental!}"  produced  disease. 
Of  2>eculiar  interest  is  the  occurrence  of  chronic  forms  {vide  p.  372)  of 
spontaneous  plague,  which  may  pos.sibly  be  the  means  of  bridging  succes- 
sive epizootics  (Hunter). 

Occurrence  in  Hats  of  Diseases  resembling  Plague. — Since  the  modern 
outburst  of  plague  spontaneous  infections  in  rats  have  been  frequently 
shewn  to  be  due  to  bacilli  other  than  Bacillus  2')cstis,  although  the  clinical 
and  anatomical  features  led  to  the  belief  that  the  disease  was  genuine 
bubonic  plague.  Cases  of  this  kind  have  been  recorded  by  Danysz, 
Schilling,  Aujezky,  Kossel  and  Overbeck,  Toyama,  Neumann,  Klein,  and 
others.  In  most  cases  the  bacilli  found  have  been  Gram  negative  and 
have  shewn  polar  staining.  The  closest  resemblance  to  B.  imtis  is  shewn 
by  Klein’s  Bacterium  hrisiolense,  which  differs,  however,  in  that  abundant 
gas  is  developed  in  growths  upon  potatoes.  Dr.  Klein  found  it  to  be 
virulent  for  rats  and  guinea-pigs,  except  when  applied  cutaneously. 
Jlacillns  j^seudotuherculosis  rodentiuin  (A.  Pfeiffer)  presents  an  extremely 
close  resemblance  to  the  plague  bacillus  (G alii -Valerio,  Zlatogorort', 
MacConkey),  and  can  only  be  distinguished  with  the  greatest  difficulty. 
Mice  are  of  much  less  importance  than  rats  in  conne.xion  with  the 
dissemination  of  plague ; epizootics  have,  however,  been  observed  among 
these  rodents  at  Tai-ho-Kou  (Formosa),  at  Jeddah,  Alexandria,  in  South 
Africa,  and  in  India  at  Bangalore,  Porbandar,  and  other  places. 

Spontaneous  plague  has  also  been  noted  in  the  great  bandicoot  rat 
{Kesocia  handicotu),  in  ])orcupines  at  Mysore,  and  in  guinea-pigs  at  Sydney 
and  Bangalore.  At  Knysna  (S.  Africa)  veld  rats  {Anicanthus  jmmiliv) 
succumbed  to  plague  in  large  numbers  (IMitchell). 

Marsujyialia. — As  a curiosity  may  also  be  mentioned  the  outbreak  in 
the  Zoological  Garden  in  Sydney  of  spontaneous  plague  in  wallabies  and 
wallaroos  ( Ashburton  Thompson). 

Variations  in  the  Virulence  of  Bacillus  Pestis.  — Considerable 
variations  occur  in  the  virulence  of  the  plague  virus  on  artificial 
media,  some  strains  becoming  rapidly  attenuated,  while  others  remain 
highly  virulent  for  years.  Thus,  Albrecht  and  Ghon  isolated  from  a 
rat  a strain  of  plague  bacillus  which  at  the  end  of  thirteen  months 
was  so  virulent  that  ^ loopful  killed  a guinea-pig  with  acute 
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jjest  scptic.T?mia.  The  best  method  for  preventing  ;i  spontaneous  catten na- 
tion of  A'iiailence  is  to  keep  the  cultures  in  sealed  tubes  and  at  a low 
temperature.  Cultivation  at  the  body-temperature  sooner  or  later  leads 
to  loss  of  virulence,  a ])rofound  attenuation  occurring  if  the  bacillus  be 
cultivated  for  long  at  41  C.  (Kolle).  A convenient  scale  of  virulence 
has  been  adopted  by  Kolle  and  Martini,  the  inoculations  being  carried 
out  cutaneously  in  the  guinca-jhg  with  '2  of  a loopful  of  culture  suspended 
in  '2  c.c.  of  bouillon. 

a.  non-viruleiit  cultures — glandular  swelling  only  ; sliglit  emaciation. 
h.  weak  „ — death  in  2-3  weeks,  with  chronic  pest  granulomas 

in  viscera. 

i|  f.  medium  „ — death  in  8-10  days  ; miliary  nodules  in  spleen, 

j;  (K  highly  virulent  cultures — death  in  4-5  days  ; septicaunia  ; no  nodular 

j formation. 

li 

' ExaUation  of  Vimlence  and  Maintenance  of  Exalted  State  of  Eacil/ns 
Pestis. — The  plague  bacillus  can  be  exalted  in  virulence  by  passage 
through  the  bodies  of  guinea-pigs.  The  effect  of  its  continued  passage 
through  rats  is  the  subject  of  diverse  opinion,  Yersin,  Calmette,  and 
Borrel  considering  that  rat-passage  produced  attenuation.  Drs.  Hankin 
atid  Walton  (41)  were  unable  to  continue  the  passages  through  rats. 

I Even  with  intermediary  subcultures  between  the  passages.  Captain  Douglas 
observed  great  attenuation  in  the  body  of  the  rat.  Otto  (75)  found 
that  after  twenty  rat-passages  the  bacillus  no  longer  produced  septiemmia, 
but  only  an  intoxication,  the  bacilli  becoming  localised  in  the  lymphatic 
glands  without,  however,  being  attenuated.  The  Advisory  Plague  Com- 
mittee (1906)  was  able  to  infect  twenty-six  series  of  rats  without  recourse 
to  artificial  media,  and  was  unable  to  find  any  alteration  in  virulence.  It 
was  found  that  Bombay  rats  vary  considerably  in  susceptibility,  and  that 
a considerable  percentage  of  rats  in  India  are  immune  to  the  cutaneous 
|i  method  of  inoculation.  Passage  through  a series  of  rabbits  appears  to 
l!'  attenuate  the  bacillus  for  the  rat  (Otto). 

Plague  Toxin. — Experimentally  a great  deal  of  doubt  exists  in  regard  to 
M the  nature  of  plague  toxin,  and  especially  whether  it  is  inti’a-  or  extra- 
l cellular.  Yersin,  Calmette,  and  Borrel,  Pfeiffer,  Dieudonnd,  Dean,  and 
>1  the  Austrian  Commissioners,  on  finding  that  young  plague-culture  filtmtes 
> arc  toxic  only  in  large  doses,  concluded  that  the  poison  was  an  endotoxin, 
r Mai  kl,  on  the  other  hand,  maintains  that  when  grown  at  Ioav  temi)eratui'es 
.1  the  plague  bacillus  produces  an  extremely  unstable  exoto.xin  within 
I twenty -four  hours.  As  a result  of  his  recent  work,  Kolle  (54) 
agrees  Avith  those  who  j-egard  the  poison  of  the  plague  bacillus  as 
mainly  if  not  exclusively  intracellular.  AMth  filtrates  from  young 
’ cultures  he  was  unable  to  produce  intoxication,  notAvithstanding  the 
• injection  of  relatively  large  quantities  (3  c.c.  in  rats).  On  injecting  the 
I dead  bacterial  bodies,  on  the  other  hand,  a rapidh"  fatal  disease  Avas 
' produced,  Avith  profound  symptoms  of  intoxication,  referable  to  the  nervous 
and  cai'cliac  tissues.  If  the  animals  survived  the  acute  stage  they 
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succumbed  later  with  marasmus,  referable  to  parenchymatous  degeneration 
of  the  heart,  liver,  and  spleen.  In  general  the  filtrates  increase  in 
toxicity  the  older  the  culture,  a maximum  toxicity  being  obtained  in 
cultures  grown  at  37°  C.  for  three  to  four  Aveeks.  A peculiarity  of 
filtrates  from  old  cultures  is  that  toxic  symptoms  come  on  at  once  and 
may  cause  death  in  one  to  two  hours,  a result  due  in  all  probability  to 
secondary  poisons,  Avhich  have  nothing  to  do  Avith  the  primary  pest 
toxin,  the  symptoms  from  which  ahvays  make  their  appearance  after  an 
incubation-period,  lasting  six  to  eight  hours.  Pest  serum  has  no  effect  in 
neutralising  the  secondary  toxins.  Besredka  is  of  much  the  same  opinion 
as  Kolle.  The  toxicity  of  plague  cultures  grown  on  one  and  the 
same  medium  is  A'ery  Awiable  in  its  effects  on  I’ats,  T c.c.  being  occasion- 
ally fatal,  Avhile  at  other  times  3 c.c.  may  produce  only  transient 
symptoms  (Douglas). 

Sites  of  Entpanee  of  the  Plague  Bacillus  into  the  Human  Body. — 
In  considering  the  portals  through  Avhich  plague  bacilli  pass  into  the 
body  of  man  the  skin  is  of  primary  importance.  The  deadly  effect  of 
applying  a living  plague  culture  to  a carefully  shaved  area  of  the  skin  of 
rodents  proves  that  the  bacillus  can  invade  the  body  through  minute 
breaches  in  the  continuity  of  its  surface.  In  all  probability  the  same 
applies  to  man,  although  in  the  great  majority  of  cases  no  definite 
primary  lesion  can  be  detected,  and  the  bacilli  first  manifest  their  presence 
in  the  regional  l}^mph-glands.  That  the  bacillus  can  pass  through  the 
skin  is  shewn  by  the  fact  that  the  disease  has  in  many  cases  been  con- 
tracted by  direct  inoculation  in  the  course  of  autopsies  on  plague  patients. 
The  Indian  Plague  Commission  collected  thirteen  cases  of  this  kind,  and 
in  only  tAvo  of  these  (viz.  Professor  Sticker  and  Captain  Leumanu)  Avas 
there  a history  of  a primary  vesicle  or  phlyctenule  at  the  point  of 
inoculation.  To  these  tAvo  cases  must  be  added  that  of  Professor 
Aoyama,  Apart  from  post-mortem  Avounds  the  German  Commission 
reported  eleven  cases  in  AAdiich  primary  plague  vesicles  Avere  noted. 
Simond  reported  sixty-one  such  cases,  and  the  Indian  Plague  Commission 
observed  four  others.  Although,  therefore,  the  occurrence  of  a primary 
pest  lesion  must  be  looked  upon  as  rare,  it  is  to  be  noted  that  the 
proportion  in  Avhich  certain  groups  of  lymphatic  glands  are  infected  is 
almost  directly  in  proportion  to  the  skin  area  AA^hich  is  drained  by  the 
lymphatics  passing  to  these  glands.  Thus,  the  area  of  skin  surface  drain- 
ing into  the  lymphatic  glands  of  the  neck  is  approximately  1200  square 
centimetres,  that  into  the  glands  of  the  axilla  about  3244,  and  that  into 
the  glands  of  the  groin  about  6260  square  centimetres,  the  areas  having 
a proportion  to  each  other  of  about  1 : 1'8  : 5.  From  the  statistics  of  the 
Bombay,  Punjab,  and  Karachi  hospitals  (5442  cases),  the  proportion  of 
primary  cervical,  axillary,  and  inguinal  buboes  Avas  1 : P3  :5’8.  Even 
Avhere  a primary  pest  lesion  occurs  at  the  point  of  the  inocidation  it  has 
frequently  been  preceded  by  general  symptoms,  a point  of  importance  in 
estimating  the  manner  in  Avhich  the  bacillus  invades  the  body. 

Mucous  Membranes. — The  frequent  occurrence  of  buboes  under  the  chin 
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and  about  the  angle  of  the  jaw  may  be  taken  as  evidence  that  the  plague 
bacillus  can  penetrate  through  the  mncons  membranes  of  the  nose,  month, 
or  pharynx.  The  same  applies  to  the  conjnncti^■a.  A patient  with 
pneumonic  plague  accidentally  coughed  into  the  eye  of  a nurse  in 
the  hos})ital  at  Parel.  Conjunctivitis  followed,  with  a plague  Imbo 
below  the  ear  on  the  affected  side.  A similar  case  was  noted  in 
Honir-Konu:. 

C'hilde  reported  the  case  of  a boy  who  had  a lesion  on  the  dorsal 
surface  of  the  glans  penis.  Plague  bacilli  were  found  in  the  lesion  and 
in  the  buboes  which  developed  in  both  the  groins. 

In  regard  to  the  statement  that  plague  bacilli  enter  the  body  through 
the  gastric  or  intestinal  mucous  membrane,  the  Indian  Plague  Commission 
were  unable  to  obtain  ciny  trustworthy  evidence.  Feeding  experiments 
ha\  e always  been  found  to  be  uncertain,  and  it  is  probable  that  many 
animals  supposed  to  have  been  infected  through  the  stomach  or  intestine 
have  in  reality  been  infected  through  the  nasal  or  jjharyngeal  mucous 
membi'ane.  Wilm,  however,  held  that  the  disease  could  be  contracted 
through  the  alimentary  wall,  and  Dr.  Hunter  is  of  opinion  that  this  is 
a common  method  of  infection.  That  in  many  cases  the  miicous 
membrane  of  the  alimentary  canal  is  found  post-mortem  to  be  studded 
with  hoemorrhages  is,  however,  no  evidence  that  the  plague  bacillus  gained 
entrance  by  this  route.  In  the  case  of  rats.  Dr.  Klein  shewed  that  in 
whatever  manner  the  animal  is  infected,  the  intestines  and  mesenteric 
glands  always  participate  in  the  disease. 

lie.<pirafa)\i/  'Tract  (except  nose  and  mouth). — In  cases  of  primary 
plague  pneumonia  there  can  be  no  doubt  that  the  bacilli  may  gain 
entrance  by  means  of  the  inspii-ed  air.  Such  cases  are  characterised  l>y 
great  infectivity,  and  frequently  disseminate  the  disease.  This  occurred 
in  the  laboratory  outbreak  in  Vienna,  the  attendant  Barisch,  Dr.  Midler, 
and  Nurse  I’echa  all  succumbing  to  pneumonic  plague  conveyed  from  the 
one  to  the  other.  The  factors  which  predispose  to  the  development  of  lung 
plague  are  not  fully  worked  out.  From  the  experiments  of  Martini  it  is 
probable  that  the  bacillus  is  exalted  in  virulence  in  its  passage  from  lung 
to  lung.  Other  microbes,  such  as  the  pneumococcus,  may  also  be  associ- 
ated with  the  plague  bacillus,  and  possibly  affect  its  virulence. 

Escape  of  Bacilli  from  the  Body. — In  ordinary  Imbonic  cases  there 
is  usually  a short  period  when  the  bacilli  are  shut  off  from  the  surface. 
In  a great  many  cases,  however,  the  blood  invasion  takes  [dace  at  a very 
earl}'  date,  and  from  this  time  onwards  the  bacilli  may  csca2:)e  from  the 
body.  By  becoming  lodged  in  the  capillaries  of  the  skin  and  mucous 
membranes,  they  may  make  their  exit  from  the  body.  In  the  case  of 
the  respiratory  organs,  when  there  is  ])rimary  or  secondary  })lague 
pneumonia  they  pass  out  in  immense  (piantities  in  the  sputum.  To  a 
less  extent  this  also  occurs  in  oi’dinary  bubonic  cases  with  blood 
infection.  The  bacilli  may  be  conveyed  to  the  surface  of  the  intestine 
and  pass  out  in  the  heces,  although  this  has  only  rarely  been  demonstrated 
experimentally.  Conveyance  of  the  bacilli  to  the  kidneys  and  escape  by 
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the  urine  is  also  proved.  In  sixty  examinations  of  the  urine  the  Indian 
Plague  Commission  found  plague  bacilli  three  times.  In  the  case  of 
Imemorrhages  from  the  cutaneous  or  mucous  surfaces  of  the  body  the 
bacilli  may  make  their  exit  in  large  numbers. 

InfectiviUj  of  Fdtients  convalescent  from  Plague. — The  infectivity  of  plague 
patients  who  have  recovered  from  the  acute  stage  of  the  disease  is 
especially  marked  in  the  cases  of  suppurating  buboes  and  in  cases  with 
bacilli  in  the  sputum  or  saliva. 

It  is  generally  difficult  to  find  bacilli  in  buboes  which  have  been 
suppurating  for  some  time.  The  German  Commission  had  two  positive 
results  out  of  sixteen  cases.  The  Austrian  Commissioners  were  more 
successful  (seven  2:>ositive  in  ten  cases)  in  so  far  that  they  isolated  living 
bacilli  on  the  nineteenth  and  twentieth  days,  and  in  one  case  as  late  as 
the  fifty -second  day.  Vagedes,  in  the  Oporto  epidemic,  recovered 
bacilli  from  a pelvic  abscess  two  and  a half  months  after  the  attack  of 
plague  was  over. 

Bacilli  may  persist  in  the  sputum  and  saliva  of  patients  for  long 
periods  after  recovery  from  plague.  Thus,  in  two  pneumonic  cases 
Gotschlich  found  the  bacillus  twenty  and  forty-eight  days  respectively 
after  the  temperature  was  normal.  Vagedes  recovered  living  bacilli  from 
sputum  seven  weeks  after  the  disease. 

Bacteriological  Diagnosis  of  Plague. — During  an  epidemic  of  plague 
in  man  it  may  be  justifiable  to  base  the  diagnosis  on  clinical  evidence 
alone.  In  all  other  cases  a bacteriological  examination  is  imperative,  and 
should  be  conducted  by  a trained  bacteriologist  in  a suidible  laboratory. 
The  diagnosis  rests  on  the  demonstration  of  the  bacillus  in  the  suspecled 
material,  either  by  microscopic  examination,  or  in  cultures  on  gelatin  or 
agar  j)lates.  Inoculation  of  the  suspected  material,  or  cultures  from  it, 
should  also  be  carried  out  on  susceptible  animals,  such  as  rats  and 
guinea-pigs.  Subcutaneous  or  intrajjeritoneal  injection  is  suitable  only 
in  cases  in  which  the  primary  material  is  not  e.xtensively  infected  with 
different  microbes,  or  where  pure  cultures  are  used.  In  all  other  cases 
the  cutaneous  application  of  the  infective  material  is  to  be  recommended. 
If  the  accurate  diagnosis  be  of  great  importance — as  is  usually  the  case  in 
non-epidemic  periods — several  animals  should  be  employed.  As  death 
may  not  take  })lace  for  some  days,  it  has  been  suggested  that  the  buboes 
should  be  punctured,  the  juice  being  examined  microscopically  or  by 
other  tests.  The  buboes  are  frequently,  however,  very  small,  so  that 
their  puncture  is  by  no  means  easy.  It  is  preferable  to  kill  the  animal 
on  the  second  day,  and  to  dissect  out  the  buboes  carefully  for  further 
examination. 

If  thei-e  is  any  doubt  as  to  the  identitj^  of  the  microbe  found  either 
in  the  primary  cultures  or  in  the  inoculated  animals,  it  should  be 
subjected  to  all  the  known  tests,  including  the  agglutination  reaction 
with  plague  immune  serum,  the  suspected  case  from  which  the  material 
was  primarily  obtained  being  kept  under  careful  observation.  In  the 
living  patient  material  may  be  obtained  from  the  interior  of  the  bubo  by 
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puncture  with  a sterile  hypodermic  syringe.  In  the  early  stages  of  the 
bnho  plague  bacilli  are  present  in  large  numbers,  whereas  later  on, 
especially  in  the  event  of  suppuration,  they  may  be  sparse,  and  their 
presence  may  be  obscured  by  other  microbes,  which  have  invaded 
secondarily.  In  very  severe  cases  plague  bacilli  may  be  obtained  in 
blood -films,  and  especially  in  thick  drops  of  blood  which  have  been 
allowed  to  dry  upon  slides.  Before  staining  such  preparations  it  is 
necessaiy  to  get  rid  of  the  hiemoglobin  by  soaking  the  slides  in  distilled 
water.  The  most  certain  method  of  demonstrating  bacilli  in  the  blood  is, 
however,  to  take  epiantities  of  2-5  c.c.  directly  from  the  median  basilic 
vein,  and  to  dilute  it  at  once  in  about  100  c.c.  of  bouillon.  From  the 
mixtures,  agar  or  gelatin  plates  can  then  be  made.  In  the  case  of  the 
sputum  in  primary  pest  pneumonia,  pest  bacilli  are  usually  but  not  always 
present  in  immense  quantities,  and  can  often  be  detected  by  the  micro- 
scope alone.  Secondary  microbes  may,  however,  mask  the  microscopic 
picture,  and  cultures  and  inoculations  must  be  carried  out.  , In  such 
crises  the  cultures  on  gelatin  at  20°  C.  are  particularly  ajipropriate,  as 
many  of  the  bacteria  which  complicate  a pest  pneumonia  do  not  grow 
readily  at  room  temperature.  In  order  to  save  valuable  time,  cutaneous 
inoculation  directly  from  the  sputum  should  be  employed. 

In  searching  for  plague  bacteria  in  urine,  this  fluid  should  be 
collected  under  aseptic  conditions,  and  it  is  to  be  noted  that  cultures 
from  urine  are  often  slow  in  growth. 

Cutaneous  inocidation  of  the  guinea-pig  or  rat  is  the  only  means  of 
satisfactorily  demonstrating  pest  bacilli  in  faeces,  and  in  any  case  one 
must  be  prepared  for  frequent  disappointments. 

Agglutination. — Wyssokowitch  and  Zabolotny  were  the  first  to  draw 
attention  to  the  presence  of  specific  agglutinins  in  the  blood-serum  of 
patients  suft’ering  or  recovering  from  jdague.  This  has  unfortunately, 
however,  jH’Oved  a very  unsatisfactory  test  clinically,  as  the  agglutinin 
formation  is  usually  slight  (1 ; 5-1  : 10),  is  often  late  in  appearing,  and 
may  be  entirely  absent  in  cases  of  undoubted  plague.  It  has  also  been 
found  experimentally  that  a great  deal  depends  on  the  virulence  and 
other  characters  of  the  strain  of  culture  used.  Where  employed,  the  test 
should  be  carried  out  by  the  macroscopic  method  in  small  tubes,  very 
carefully  prepared  emulsions  of  i)lague  bacteria  being  used. 

W.  Bulloch. 

S.  B.  Douglas. 
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W.  B 

Geographical  Distribution  of  Endemic  Plague. — In  di.scussing  tlie 
existence  of  plague  as  an  endemic  disease,  it  is  necessary  to  take  into 
account  its  geographical  distribution,  and  to  some  extent  its  history, 
together  with  the  associated  physical  and  social  conditions.  The 
localities  where  it  is  now  known  to  occur,  or  to  have  occurred  within  the 
last  thirt}^  or  thirty-five  years,  without  being  obviously  imported  from 
any  other  centre,  are  as  follows : — 

(1)  The  district  of  Benghazi  (the  ancient  Cyrenaica),  in  the  province 
of  Tripoli,  Northern  Africa,  last  definitely  recorded  in  1874  ; perhaps 
later. 

(2)  The  district  of  Azir  or  Assyr,  in  South-AVestern  Arabia,  bordering 
on  the  Bed  Sea,  as  lately  as  1889. 

(3)  A large  ai-ea  in  Asia,  comprising  Persian  Kurdistan  and  adjacent 
parts  of  Persia,  Turkish  Kurdistan,  and  parts  of  Irak  or  -Mesopotamia  on 
the  banks  of  the  Tigris  and  Euphrates,  including  Baghdad.  The  chief 
endemic  centre  of  this  area  is,  according  to  Tholozan,  in  the  mountains  of 
Kurdistan.  From  this  area  it  has  extended  to  Northern  Persia  on  the 
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shores  of  the  Caspian  (Resht)  in  1877,  to  Baku  on  the  tvesterii,  and 
Astrakhan  on  the  northern  shore  of  that  sea ; and  np  the  A’olga  to  the 
village  of  Vetlanka  and  its  neighbourhood  in  1877-79. 

(4)  The  districts  of  Kuinaon  and  Gnnvhal  in  the  north-west  of  India, 
on  the  slopes  of  the  Himalayas,  as  lately  as  1897. 

(5)  In  Southern  China,  the  mountain  district  of  Yunnan,  from  which 
epidemics  extend  to  the  seaport  Pakhoi  on  the  Tonkin  Gulf.  Apparently 
b}’  extension  from  Pakhoi,  plague  has  iin-aded  Canton  and  Hong-Kong 
in  Eastern  China,  and  thence  obtained  an  almost  world-wide  distri- 
bution. 

(G)  Central  Africa,  in  a district  of  which  the  endemic  centre  appears 
to  lie  about  Uganda,  just  under  the  Equator. 

(7)  A district  of  Siberia,  in  the  Trans-Baikal  province,  tvhere  a disease 
apparently  identical  with  plague  is  sometimes  communicated  to  man  from 
a rodent  animal,  the  Tarbagan  marmot  p.  377).  It  is  almost  certain 
that  there  are  other  centres  of  plague  in  Siberia  and  Central  Asia  which 
at  pi'csent  cannot  be  clearly  dehned. 

The  localities  above  named  appear  to  be  independent  endemic  centres 
of  the  disease,  since  no  communication  can  be  traced  between  them. 

These  localities  are  all  in  the  temperate  zone,  with  the  exception  of 
the  Azir  district,  which  lies  just  within  the  tropics,  and  Uganda, 
which  is  just  on  the  Equator;  but  they  have  hardly  another  physical 
feature  in  common.  Plague  prevails  in  Benghazi  on  a rocky  plateau 
overlooking  a marshy  district  liable  to  inundation ; on  the  banks  of  the 
Tigris  and  Euphrates,  and  on  part  of  the  shores  of  the  Caspian  in  low 
and  marshy  situations.  But  the  mountains  of  Kurdistan  are  5000  to 
GOOO  feet  high  ; and  the  Himalayan  seat  of  the  plague  approaches  7000 
feet  above  the  sea;  while  in  Yunnan  the  disease  is  said  to  occur  oidy 
at  elevations  of  from  1200  to  7200  feet.  These  data  shew  the  old 
belief  that  plague  prevails  oidy  in  marshy  and  malarious  districts,  or  has 
aiu^  predilection  for  the  mouths  of  great  rivers,  to  be  entirely  unfounded. 
Indeed  the  most  persistent  foci  of  plague  now  known  are  in  mountain 
districts.  The  social  conditions  of  these  regions  are,  however,  more 
uniform,  and  will  receive  special  consideration  later. 

Two  Strains  of  Plague. — Of  the.se  endemic  seats  of  plague  (1)  and 
(2)  are  unimportant,  while  (G)  and  (7)  are  as  yet  imperfectly  known. 
The  remaining  three  only  are  of  importance  in  relation  to  the  pei'sistence 
and  spread  of  plague.  No.  3 comprises  a lai'ge  district,  various  parts  of 
which  have  been  frequently  visited  by  plague,  but  in  which  the  most 
permanent  endemic  focus  appears  to  be  in  the  highlands  of  Kurdistan  and 
part  of  Persia.  It  has  made  frequent  extensions  into  Persia,  Armenia, 
Irak,  Tui’kish  Arabia,  the  shores  of  the  Caspian,  and  rarely  the  Black  Se<a, 
while  in  former  days  it  .supplied  the  epidemics  of  plague  in  the  Levant. 
For  the  sake  of  a name  this  may  be  called  the  Western  A.siatic  or 
Levantine  plague.  (4)  and  (-5),  though  far  apart,  maj'^  be  taken  together, 
since  the  mountains  of  Yunnan  are  an  extension  eastward  of  the  great 
Himalayan  range,  and  the  disease  in  these  two  centres  appears  to  be  so 


SYSTEM  OF  MEDICINE 


38S 

identical  in  its  natural  history.  These  two  constitute  the  Himalayan  and 
Chinese,  or  together  the  Indo-Chinese,  centre.  It  is  the  \unnan  plague 
which  has  become  so  widely  diffused,  not  only  in  the  far  East,  but  nearly 
all  over  the  Avorld,  and  exhibits,  wherever  it  takes  root,  the  features  of 
the  original  plague  of  that  region. 

It  is  important  to  observe  that  the  disease  in  the  two  great  centres 
above  indicated,  and  their  secondary  foci,  are  not  precisely  alike,  but 
present  variations  not  constituting  two  distinct  varieties,  Imt  different 
strains  comparable  to  the  different  strains  of  yeasts  which  produce 
different  kinds  of  fermentation. 

The  Eastern  Asiatic  strain  is  distinguished  by — (1)  The  frequent 
occurrence  of  epidemics  of  Festis  minor  or  mild  plague.  (2)  The 
absence  of  any  observed  connexion  with  the  epizootic  disease  in  rodents. 
(3)  More  frequent  self-limited  epidemics.  (4)  Consequently  less  marked 
power  of  extension ; for  the  Eastern  Asiatic  epidemics  have  not,  in 
modern  times,  travelled  very  far.  (0)  On  the  whole  less  virulence  and  a 
lower  case-mortality.  The  mortality  at  Baghdad  and  other  places  in  Irak 
was  from  55  to  52  per  cent,  onlj^  in  isolated  epidemics  rising  to  90  per 
cent  or  more.  In  Egypt,  before  the  final  extinction  of  plague  in  the  last 
century,  it  was  as  low  as  33  per  cent.  In  India,  on  the  other  hand,  the 
general  case-mortality,  according  to  Dr.  Simpson,  was  70  to  85  per  cent, 
in  Hong-Kong  89  to  96  per  cent,  though  in  Europeans  it  was  much  less ; 
and  less  also  in  other  countries  where  the  jdague  has  been  introduced. 
(6)  Tlie  pneumonic  form  with  luemoptysis  is  decidedly  rare  though  not 
unknown.  There  do  not  appear  to  be  any  marked  differences  in  the 
symptoms,  but  the  old  AVestern  Asiatic  plague  has  not  yet  been  examined 
Avith  the  same  scientific  accuracy  as  recent  epidemics  of  the  Indo-Chinese 
plague.  At  present  there  are  no  observations  shewing  any  difference  in 
the  bacilli. 

The  characters  of  the  Indo-Chinese  plague  are,  as  conti’asted  with  the 
other  form — (1)  An  almost  inA’ariable  connexion  Avith  great  mortality 
among  rats,  and  less  frequently  among  other  animals.  (2)  Less  frequent 
occurrence  of  epidemics  of  Pestis  minor,  though  it  is  possible  that 
further  obserA-ation  may  sheAv  these  to  be  commoner  than  has  been 
supposed.  (3)  Remarkable  power  of  extension,  as  shewn  in  its  spread 
over  a large  part  of  India  and  conveyance  to  many  other  countries.  (4) 
In  general,  intenser  virulence  and  higher  case  - mortality.  (5)  The 
jmeumonic  form,  accompanied  by  haunoptysis,  is  much  commoner. 

Further  observations  may  shcAv  that  some  of  these  points  of  difference 
l)etAveen  the  tAvo  strains  are  less  distinct  than  they  noAv  appear,  but  the 
striking  contrast  in  the  relation  of  the  tAA'o  forms  of  plague  to  disease  in 
rats  Avill  always  remain  a historical  fact,  as  has  been-  pointed  out.  These 
difierences  confirm  to  some  extent  the  vicAvs  of  the  great  epidemiologist 
Hirsch,  Avho  regarded  the  Indian  plague  as  a variety  of  the  disease 
distinct  from  the  Le\-antine  or  Oriental  form,  being  characterised 
especially  by  the  occurrence  in  the  former  of  pneumonia,  Avhich  he 
justly  remarks  is  very  rarely  recorded  in  the  latter  form.  But  aftei- 


PLAGUE 


389 


noting  the  ])i'evalence  of  pneumonia  and  himnoptysis  in  the  epidemic  of 
\ etlanka,  llirsch  abandoned  the  idea  of  two  varieties  of  jdague,  wliich, 
however,  has  still  much  to  be  said  in  its  favour.  It  is  important  to 
remember  that  as  the  plague  now  Avidely  distributed  over  the  world  is 
the  \unnan  plague,  all  modern  observation  and  research  on  the  subject 
since  1894  have’ dealt  exclusively  with  this  variety  of  the  disease. 

Endemic  Ehuiue  in  Relation  to  the  Soil. — In  places  Avhei’e  plagite  has 
been  long  established  there  are  certain  relations  Avhich  connect  it  Avith 
the  soil.  It  persists  in  certain  regions,  not  distinguished  by  physical 
characters  from  others  Avhere  it  never  occurs.  Within  these  regions 
it  Avill  recur  year  by  year  or  in  successive  epidemics,  at  the  same  spots, 
even  in  the  same  houses.  Francis  observed  at  Kumaon  two  villages  on 
the  same  mountain,  Avith  the  same  aspect,  scarcely  500  j^ards  apart, 
of  Avhich,  at  eveiy  visitation  of  plague,  one  alAA^ays  escaped  Avhile  the  other 
suffered.  In  cities  Avhere  a notable  part  of  the  population  lives  on  the 
AA'ater  in  boats  and  barges,  it  has  more  than  once  been  noticed  that  such 
persons  have  entirely  escaped  the  plague.  It  Avas  so  in  London  in 
1665  ; and  also  recently  in  Canton,  Avhere  250,000  people  live  and 
sleep  on  the  Avater.  Another  point  bearing  in  the  same  direction  is  the 
sloAv  pace  Avith  Avhich  plague  spreads  on  land,  quite  unlike  those  diseases 
like  small-pox,  measles,  etc.,  Avhich  are  propagated  by  contagion  passing 
through  the  air.  Boghurst  states  that  in  London  in  1665  the  plague 
took  six  months  to  pass  from  AVestminster  to  Stepney  through  the  City. 
Observations  on  the  occurrence  of  plague  in  rats  and  other  animals  living 
under  ground,  point  in  the  same  direction.  These  and  other  considera- 
tions shcAv  that  there  is  some  close  connexion  of  the  plague  virus  Avith 
the  soil,  and  the  vieAv  that  plague  is  originally  a ‘ soil  disease  ’ is 
suggested.  This  has  been  the  popular  belief  in  many  parts  of  the 
world,  and  A\\as  dimly  perceived  by  many  old  physicians  (e.r/.  Boghurst 
in  the  seventeenth  century)  though  clogged  Avith  other  quite  untenable 
hypotheses.  In  the  eighteenth  century  and  later  the  strong  belief  in 
contagion  banished  the  soil  h}’pothesis,  but  observations  in  India 
revived  it.  C.  B.  Francis  explained  thus  the  origin  of  plague  in 
Kumaon  in  1853.  Liebermeister  suggested  that  it  Avas  probably  a 
‘ miasmatic  ’ as  Avell  as  a contagious  disease,  and  it  Avas  provisionally 
adopted  by  myself  in  the  Encyclopccdia  EriUmnica  and  elseAvhere.  Di‘. 
Creighton  has  brought  it  into  connexion  Avith  l’ettenkofei’’s  ‘ soil-Avater  ’ 
hypotheses.  It  is  not  refuted  or  weakmied  by  the  demonstration  of  the 
bacillus  as  the  cause  of  plague,  but  recent  researches  make  it  possible 
that  the  virus  persists  in  animals  liAung  under  ground  rather  than  in  the 
soil  itself.  The  cpiestion  of  the  presence  and  behaviour  of  the  bacillus 
in  the  soil  under  A'arying  conditions  is  dealt  Avith  on  p.  369. 

Relation  of  Plague  to  Climde  and  Tempteraiure. — Its  geographical 
distribution  slieAvs  that  i)lague  is  not  exclusively,  or  eA^en  predominantly, 
a tropical  disease.  It  prevails  Avidely  in  the  temperate  zone ; even  its 
most  permanent  endemic  seats  in  India  and  China,  the  Himalayan 
villages  and  Yunnan,  are  outside  the  tropics,  and  its  greatest  epidemic 
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prevalence  in  Boniljay,  Bengal,  and  other  parts  to  which  it  has  spread 
has  been  on  the  margin  of  the  tropical  zone,  a few  degrees  south  of 
the  tropic  of  Cancer.  The  presidency  of  Madras  has  been  conspicuously 
less  affected  than  other  parts  of  India,  and  its  southern  provinces  have 
shewn  only  a few  sporadic,  probably  imported,  cases.  The  only 
endemic  centres  strictly  within  the  tropics  are  Assyr  in  Arabia,  and 
Uganda  in  Central  Africa.  In  South  America  the  places  where  imported 
plague  has  been  most  conspicuous — Santos,  Asuncion,  Rosario — are  out- 
side the  tropical  zone.  Destructive  epidemics  have  occurred  even  amid 
the  snows  of  northern  Russia,  at  St.  Petersburg  and  Moscow.  The 
general  conclusion  seems  to  be  that  while  plague  may  prevail  in  almost 
any  climate,  its  seats  of  predilection  are  in  warm  temperate  regions,  or 
the  borders  of  the  tropical  zone.  This  distribution  appears  to  be 
determined  by  the  relations  of  plague  to  the  temperature  of  the  air. 

Seasonal  Belations  of  Plague. — In  places  where  plague  is  endemic,  it 
breaks  out  from  time  to  time  in  an  epidemic  form.  The  precise  laws 
governing  epidemics  of  plague  are  not  known,  but  they  have  an  evident 
relation  to  seasonal  changes.  In  northern  countries  epidemics  generally 
begin  in  the  spring,  increase  during  the  summer  witliout  being  checked 
by  heat,  and  reach  a maximum  about  September.  In  the  winter  the 
disease  mostly  dies  out  or  lies  dormant  till  the  following  spring. 
There  have,  however,  been  epidemics  which  have  continued  through 
the  cold  even  of  a Russian  winter  (Moscow,  Lower  Volga,  1878-79). 
In  Eg}^pt,  when  the  plague  was  prevalent  there,  epidemics  used  to  begin 
in  autumn,  continuing  through  the  winter,  but  ending  abruptly  about 
midsummer,  when  the  hot  winds  from  the  south  began  to  blow.  In 
India  the  epidemics  have  mostly  begun  about  Octolier,  continuing  through 
the  winter,  reaching  their  greatest  intensity  in  March  or  April,  and 
subsiding  in  June ; so  that  a comparatively  low  mortality,  but  not  an 
actual  cessation,  occurred  in  July,  August,  and  September.  In  Australia 
the  relation  of  plague  to  the  seasons  has  been  analogous  to  that  in 
Euro])e,  miitatis  mufandis. 

The  general  conclusion  from  these  observations  is  that  summer 
heat  in  hot  climates  and  winter  cold  in  temperate  climates  checks  or 
extinguishes  plague,  temperatures  below  50°  F.  or  above  85°  being 
decidedly  unfavourable  to  it.  In  Mesopotamia  a temperature  of  86° 
checks  an  epidemic,  while  one  of  11.3°  absolutely  stops  it.  In  Hong- 
Kong  a temperature  above  83°  caused  a decline  of  the  epidemic  till  the 
following  spring.  In  Bombay  there  is  a fall  in  the  mortality  when  the 
temperature  is  82°  or  even  80°. 

In  Kumaon,  Francis  found  the  epidemic  to  continue  when  the 
temperature  Avas  85°  or  even  105°  in  moist  air,  but  a loAver  temperature 
would  check  or  stop  it  if  the  air  Avere  dry.  Dr.  Simpson  states  that  in 
Sind  small  epidemics  have  occAU'red  Avith  an  air  temperature  betAveen 
110°  and  120°,  but  they  are  A^ery  rare. 

Epidemics  of  plague  may  last  from  three  to  eight  months,  but  the 
longer  period  is  exceptional.  There  is  no  obvious  cause  except  seasonal 
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changes  for  the  termination  of  an  epidemic.  It  is  remarkable,  however, 
that  when  tlm  [ilague  begins  to  decline,  its  infectivity  as  residing  in 
houses,  l)cdding,  clothing,  or  other  oI)jects  which  have  been  in  contact 
with  the  sick,  is  rapidly  or  almost  suddeidy  lost,  so  that  healthy 
persons  may  almost  with  impunity  return  to  infected  houses  and  sleep 
in  infected  beds.  This  was  observed  in  the  London  Plague  of  1GG5, 
and  also  repeatedly  in  Constantinople,  Egypt,  and  the  Levant,  when 
the  plague  prevailed  in  those  places,  as  well  as  at  Bombay  in  1897-98. 
Xo  precise  explanation  can  be  given  of  this  phenomenon. 

reriodkid  Beciirrence  of  ILlagne. — While  remainijig  fixed  in  one  spot, 
])lagne  varies  very  much  in  prevalence  and  intensity.  The  disease  is 
particidarly  liable  to  recur  in  peiiodical  outbreaks  ; and  in  the  countries 
aftected  popular  belief  has  sometimes  assigned  a definite  number  of  years, 
such  as  seven,  for  the  interval.  There  is,  however,  no  such  I’cgularity ; 
sometimes  a great  epidemic  is  followed  by  several  years  of  apjjar'ent 
immunity,  sometimes  the  disease  recurs  several  years  in  succession.  The 
interval  of  apparent  health  is  probably  often  filled,  not  so  much  with 
sporadic  cases  of  severe  plague,  as  with  minor  plague. 

The  causes  of  the  development  of  minor  into  severe  plague,  and  of 
the  production  of  an  epidemic,  arc  very  obscure.  For  various  reasons  it 
cannot  depend  upon  the  number  of  susceptible  persons  in  the  population; 
the  causes  must  be  physical,  affecting  the  biology  of  the  plague  bacillus 
whether  in  or  out  of  the  body.  The  best-established  fact  is  that  epi- 
demics in  temperate  climates  have  often  (but  not  constantly)  been  preceded 
ly  a long  drought.  In  hot  climates,  as  in  Bombay,  a recent  wet  season 
.seems  to  favour  the  production  of  an  e]:)idemic.  Epidemic  diseases 
among  animals,  failure  of  ci’ops,  great  abundance  of  lower  forms  of  life — 
such  as  hies — and  numerous  other  physical  incidents,  have  been  also 
described  as  preceding  or  accompanying  plague,  but  are  of  little  moment. 
■More  important  are  social  conditions.  IMany  epidemics  of  plague  have 
followed  on  famines,  wars,  and  other  calamities,  which  produce  destitution 
and  lowered  state  of  health.  Other  fevers  have  sometimes  been  observed 
to  prevail  at  the  same  time. 

Conditions  favouring  the  continued  Existence  of  Plague. — It  has  been 
seen  that  no  physical  conditions,  except  temperature,  have  much  effect 
on  the  prevalence  of  plague.  But  ccrtaiji  social  conditions  have  a great 
inhuence,  and  seem  almost  indispensable  to  an  endemic  seat  of  the 
disease.  The  first  of  these  is  uncleanliness.  All  the  localities  in  which 
plague  hourishes  are  conspicuously  filthy.  The  villages  in  Mesopotamia 
^vere  in  an  incredible  state  of  dirt  (Colvill).  The  sufferers  from  Indian 
Himalayan  plague  were  filthy  beyond  conception  (Francis);  the  habits  of 
the  poorer  classes  of  Chinese  in  Hong-Kong  and  Canton  are  notoriously 
of  the  same  kind.  A soil  contaminated  with  faecal  discharges  and 
decaying  aniinal  matter  of  all  kinds  appears  to  be  an  essential  condition 
for  the  vitality  of  the  virus.  Among  other  causes  of  contamination  must 
be  placed  cadaveric  infection  from  bad  customs  of  burial.  This  was 
notably  observed  in  the  Indian  seats  of  plague,  where  the  rocky  nature 
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of  the  soil  offers  obstacles  to  efficient  burial;  in  \unnan  also,  and  formerly 
in  E‘M’i)t.  Dr.  Creiehton  resrards  this  as  the  dominant  cause,  but  the 
general  bearing  of  testimony  hardly  confirms  his  opinion,  the  burial 
of  those  M'lio  die  of  the  plague  among  or  within  dwelling-houses  has  often, 
however,  been  a potent  means  of  continuing  the  infection  ; such  liodies 
contain  bacilli  in  enormous  numbers,  and  contagion  from  dead  bodies  is 
undoubtedly  possible.  Overcrowding  of  dwelling-houses  (not  necessarily 
correlative  with  density  of  population)  and  absence  of  ventilation  are 
also  powerful  contributory  causes.  These  conditions  are  conspicuously 
prevalent  in  Hong-Kong  and  Canton  ; also  in  Bombay  and  other  Indian 
cities.  But  of  all  social  conditions  poverty  and  general  social  misery 
seem  to  be  the  most  inffuen’tial.  The  poor  are  always  the  chief,  some- 
times almost  the  only  sufferers,  as  shewn  by  such  epithets  as  iniser'uc 
morbus,  or  the  “ the  poor’s  plague,”  often  given  to  the  disease. 

But  since  destitution  and  uncleanliness  are  prevalent  in  so  man}'^ 
parts  of  the  Avorld  where  plague  has  never  been  heard  of,  these  must  be 
regarded  as  favouring,  or  perhaps  essential,  conditions  for  the  disease, 
rather  than  as  accounting  for  its  origin. 

Plague  as  a communicable  Disea, se. — Unlike  true  soil  diseases — such  as 
tetanus — there  can  l)e  no  doubt  that  plague  is  communicable,  both  from 
the  sick  to  the  healthy,  and  from  an  infected  place  to  one  iweviously 
uninfected ; but  the  extent  and  nature  of  this  communicability  have  been 
the  subject  of  active  controversy. 

Communication  of  the  ordinary  form  of  plague  from  the  sick  directly 
to  the  healthy  is  rare  and  does  not  take  place  especially  by  contact, 
as  was  formerly  believed  (hence  the  word  contagion,  with  its  false 
connotations,  is  better  avoided),  but  by  the  atmosphere  of  the  sick-room 
or  of  the  house  itself,  or  by  objects  in  the  house ; this  may  be  largely, 
if  not  completely,  obviated  by  abundant  ventilation.  It  may  be  diffi- 
cult to  say  in  some  cases  whether  the  infection  is  acquired  from  the 
jmtient  or  from  the  house ; but  it  is  prett}''  clear  that  communication 
of  plague  from  one  person  to  another  in  the  open  air,  or  by  casual 
meeting,  is  very  rare,  if  it  ever  occur.  The  pneumonic  form  of  plague, 
on  the  other  hand,  is  extremely  contagious.  The  transmission  of  in- 
fection by  clothing,  bedding,  or  other  objects,  that  is,  in  the  old  phrase, 
by  fomites,  cannot  be  questioned,  though  many  exaggerated  state- 
ments have  been  made  on  the  subject.  Recent  observations  on  this 
subject  do  not  shew  merchandise  to  be  an  important  vehicle  for  the 
transmission  of  i)lague,  except  corn,  and  this  only  through  its  associa- 
tion with  rats,  as  ^vas  seen  in  South  Africa,  at  Cape  Town,  and  Port 
Elizabeth,  Avhere  the  plague  was  brought  l»y  fodder  and  grain  from 
South  America.  In  Japan  infection  Avas  traced  to  bales  of  cotton.  The 
“ gunny  bags  ” used  for  holding  grain  Avere  a means  of  infection  in  India. 
In  Egypt  rags  Avei’e  suspected. 

Those  Avho,  like  the  French  physicians  in  Egypt,  denied  contagion 
altogether,  did  so  chieffy  on  the  ground  of  their  oAvn  personal  immunity, 
though  they  attended  thousands  of  patients,  and  performed  many  post- 
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mortem  examinations.  One  of  them,  Rularcl,  even  wore  the  clotlies  of  a 
patient  who  had  died  of  plague,  and  Clot  Bey  tried  in  vain  to  inoculate 
himself  with  matter  from  a pestilent  bubo.  But  an  English  physician. 
White,  lost  his  life  by  an  inoculation  experiment.  Many  similar 
negative  instances  are  on  record  ; but  much  negative  evidence  is  not  so 
conclusive  with  regard  to  infection  as  a few  positive  cases.  On  the  whole, 
the  truth  appears  to  bo  that  during  different  epidemics  and  at  different 
stages  of  an  epidemic,  plague  diU'ers  much  in  its  contagious  pi'operty,  as 
it  iloes  iu  its  virulence ; so  that,  broadly  speaking,  it  is  highly  communi- 
cable at  some  times,  and  very  slightly  so,  if  at  all,  at  others. 

In  explanation  of  cases  where  comnuinication  cannot  be  traced,  it 
should  be  noted  that,  besides  rats  and  the  like,  domestic  animals  may 
convey  germs  of  disease.  It  has  been  thought  that  lice,  bugs,  fleas  of 
various  species  may  convey  the  infection,  but  this  supposition,  though 
in  some  cases  sufficiently  proved,  has  not  been  shewn  to  be  the  usual 
or  a frequent  mode  of  communication  {cf.  p.  375). 

Ti'ansmission  of  plague  from  one  place  to  another  not  previousl}^  in- 
fected must  also  be  regarded  as  well  established ; though,  doubtless,  this 
ma}'  have  been  wrongly  assigned  as  the  cause  of  purely  local  outbreaks. 
That  this  is  possible  by  means  of  infected  ships  is  clearly  proved  by  the 
records  of  the  Quarantine  at  Marseilles  (quoted  by  Prus),  when  in  several 
instances  the  infection  was,  so  to  speak,  caught  on  the  sieve — that  is  to 
say,  the  infected  ships  gave  rise  to  cases  of  plague  within  the  quarantine 
station,  of  which  .some  were  fatal.  Of  late  years  numberless  instances 
have  occurred  of  the  transmission  of  plague  from  IIong-Kong  and  other 
Chinese  ports  to  many  parts  of  the  world,  and  from  the  secondary 
centres  thus  established  back  again  to  Europe  and  to  Africa,  so  that  at 
the  present  time  this  mode  of  transmission  constitutes  a serious  danger. 
The  most  important  means  of  transmission  is  through  the  medium  of 
ship-rats  affected  with  plague.  INlortality  among  rats  on  board  ships 
leaving  ports  infected  with  plague  has  often  been  observed.  In  shijis 
thus  infected  cases  of  plague  have  sometimes  occurred  among  the  crew  or 
passengers,  but  not  always,  for  the  disease  spreads  from  rats  to  men  only 
by  casual  opportunities;  but  per.sons  employed  in  unloading  the  cai'go 
have  been  infected,  and  rats  leaving  the  ship  have  carried  the  infection 
inland.  By  this  disease  of  rats  j:)lague  has  been  conveyed  on  longer 
voyages  and  over  greater  distances  than  Avould  be  possible  if  the  infection 
were  carried  by  cases  of  human  disease  only.  For  human  beings  sick  of 
plague  would  either  die  or  recover  before  the  end  of  a long  vovage.. 
Tr  ansmission  by  land  for  .short  and  sometimes  considerable  distances, 
is  also  well  established.  In  the  London  Plague  of  1665,  towns  and 
villages  in  communication  with  London  became  affected,  though  they 
were  previously  healthy,  and  had  not  suffered  from  plague  for  many 
years,  if  ever.  The  infection  is  doubtless  generally  conveyed  by  persons 
either  affected  with  the  disease  or  in  the  stage  of  incubation.  Such 
persons  convert  the  hou.se  they  occupy  into  a focus  of  infection,  till 
possibly  the  virus  passes  either  into  the  soil  dii'ectly,  or  into  animals  such 


394 


SYSTEM  OF  MEDICINE 


MS  rats ; and  thus  a permanent  source  of  infection  is  established. 
Conveyance  bv  means  of  ijifected  objects  is  doubtless  possible,  but  prob- 
ably much  rarer.  In  India  there  were  several  well-established  instances 
of  convevance  of  plague  to  cities  and  villages  Ity  human  intercourse  quite 
indepemlently  of  rats.  At  Satara  the  first  epidemic  Avas  produced  by 
human  intercoui’se  alone,  Avhereas  in  1898-99  I'ats  Avere  affected  before 
human  beings  (Thomson).  In  the  Punjab  forty-seven  out  of  sixty-three 
villages  Avere  infected  by  the  ari-iA'al  of  infected  persons.  In  some  the 
infection  Avas  brought  by  a single  person  affected  Avith  mild  plague 
(James).  But  it  has  happened  that  the  infection  thus  brought  has  first 
fallen  upon  the  rats,  and  after.Avards  attacked  human  beings. 

With  regard,  liOAveA'er,  to  this  mode  of  transmission,  it  should  be 
obsei'ved  that,  according  to  old  and  sound  tradition,  the  plague  does  not 
spread  Avhen  it  is  sporadic,  but  only  AA^hen  it  is  in  an  epidemic  form. 
Furthermore  its  diffusibility  varies  as  much  as  its  contagiosity  in  the 
narroAver  sense,  being  very  marked  in  great  epidemics,  very  slight  or 
self-limited  in  others.  Many  epidemics  have  burnt  themselves  out  on 
the  spot,  or  travelled  but  a feAv  miles  ; othei’s  haA'e  spread  OA^er  Avhole 
continents.  Generally  successive  epidemics,  if  unchecked,  coA'er  each 
time  a someAvhat  AAuder  area. 

The  rate  of  extension  is  also  A^ariable,  but  is  gcjiei’ally  sIoav.  Plague 
has  taken  Aveeks  or  months  to  pass  from  one  side  of  a city  to  another ; 
it  creeps  along  from  point  to  point,  so  as  to  be  compared  l)y  some  to  a 
drop  of  oil  on  paper.  Such  gradual  extension  suggests  the  sIoav  progress 
of  a virus  in  the  soil  itself,  and  probably  that  is  in  some  places  the 
explanation  ; but,  obviousl3q  only  transmission  through  short  distances 
can  be  thus  accounted  for.  The  migration  of  rats  affected  Avith  plague 
may  in  some  cases  be  the  explanation. 

Transmission  by  the  air  cannot  be  said  to  be  impossible,,  and  aams 
once  much  dreaded ; but  Avhile  this  may  be  possiUe  through  distances 
measured  by  yards,  it  can  hardly  be  so  through  distances  measured  by 
miles  {c.f.  p.  369). 

Morbid  Anatomy. — Full  accounts  Avere  made  up  by  the  French 
physicians  in  Egypt  in  1834-35  according  to  the  pathology  of  that  day, 
and  agree  in  the  main  Avith  the  recent  much  more  elaborate  descriptions. 
A very  characteristic  feature  is  that  of  engorgement  and  ha?morrhage, 
the  extravasation  from  the  A'eins  affecting  nearly  every  part  of  the 
body  (Simpson).  The  bodies  of  plague  patients  do  not  undergo  very 
rapid  decomposition,  except  in  the  septic{smic  form.  The  central 
nervous  SA’stem,  especially  the  brain,  is  deeply  congested ; the  brain 
substance  in  some  instances  is  softened,  and  the  blood-vessels,  especi- 
ally the  veins,  much  engorged.  The  lungs  are  much  congested,  and 
(edematous  especially  in  their  posterior  parts,  Avith  small  hsemorrhages 
in  their  substance  and  on  the  surface  ; as  aa’cII  as  on  the  costal  and 
diaphragmatic  pleurte.  The  larynx,  trachea,  and  bronchi  sheAv  catarrhal 
inflammation,  Avith  oedema  of  the  glottis  in  some  cases.  Broncho- 
pneumonia is  a common  complication.  It  is  described  by  Diirck  as 
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continent  lobular  pneumonia  or  lol)ular  hcpatisation.  Embolic  abscesses 
are  found  in  some  cases.  The  pericardium  contains  an  excess  of 
fluid,  frequently  blood-stained,  with  ecchymoses  on  both  siirfaces.  The 
right  side  of  the  heart  is  dilated  with  black,  imperfectly  coagulated  blood, 
and  the  whole  venous  system  is  engorged.  The  veins  of  the  trunk  when 
cut  open  display  numerous  small  ha?morrhages,  which  in  the  vicinit}' 
of  a bubo  become  ha?morrhagic  patches  of  considerable  size  (Simpson). 
The  he.art  substance  is  pale,  and  sometimes  softened.  The  stomach  and 
small  intestines  may  contain  blood-stained  Huid,  sometimes  actual  blood, 
the  surface  shewing  intense  v^enous  congestion;  but  Mr.  Cantlie,  in  Ilong- 
Kong,  found  no  congestion  of  these  parts.  In  a few  cases  superficial 
idcerations  have  been  noted.  The  Peyer’s  patches  are  not  generall}^ 
aftected,  but  in  some  cases  are  swollen  and  idcerated.  The  large 
intestine  is  comparatively  normal.  The  peritoneum  is  described  as 
shewing  great  vascular  congestion,  with  luemorrhages  into  the  mesentery. 
The  mesenteric  and  retroperitoneal  glands  are  generally  eidarged  and 
sometimes  shew  much  inflammation  and  hremorrhagic  infiltration,  which 
Dr.  Simpson  says  was  especially  noticeable  in  Hong-Kong.  The  liver 
was  found  enlarged  by  the  French  pathologists,  sometimes  considerably ; 
but  ]\lr.  Cantlie  found  no  notable  enlargement;  its  substance  is  pale  and 
aiiicmic,  and  ju’esents  the  appearance  of  cloudy  swelling.  Embolic 
abscesses  may  occur  (Diirck).  Haemorrhage,  interstitial  or  superficial,  is 
found  occasionally.  The  spleen,  according  to  all  observers,  is  greatly 
enlarged.  The  kidneys  are  sometimes  enlarged,  and  occasionally 
present  hremorrhagic  patches ; Mr.  Cantlie  describes  their  histological 
appearance  as  being  that  of  cloudy  swelling.  The  general  a])pearaiice  is 
like  that  of  the  scarlatinal  or  septic  kidney,  and  special  changes  occur 
in  the  glomeruli,  due  to  the  passage  through  them  of  plague  bacilli,  which 
are  also  found  in  the  urine  (Diirck). 

The  one  characteristic  sign  is  inflammation  and  swelling  of  the  in- 
ternal lymphatic  glands,  a condition  always  present  even  Avhen  the 
external  glands  are  not  notably  eidarged.  All  groups  of  lymph-glands 
may  be  affected  so  as  to  form  continuous  chains,  the  cervical  being 
united  with  the  mediastinal  and  lu’onchial ; the  inguinal  with  the  groups 
surrounding  the  iliac  vessels  and  aorta,  and  with  the  pelvic  glands,  and 
so  on.  The  mesenteric  glands  are  least  freiiucntly  affected.  Agglom- 
erated glands  may  form  masses  weighing  as  much  as  two  ])ounds.  In 
substance  they  are  sometimes  red,  congested,  and  hard,  sometimes  soft 
and  discoloured,  sometimes  breaking  down  into  a pulp.  The  surrounding 
tissue  is  infiltrated  with  serous  fluid,  and  often  shews  extravasation  of 
hlood. 

It  is  evident  that,  apart  from  the  condition  of  the  lymph-glands  and 
the  diffuse  hpcmorrhage,  there  is  nothing  distinctive  in  the  morbid  anatomy 
of  plague.  Sir  T.  Fraser  remarks  that  the  vascular  changes  and  pervading 
tendency  to  hoemorrhaga  closely  resemble  the  results  of  the  toxamiia  set 
up  by  certain  kinds  of  snake  poison. 

Forms  of  Plague. — It  has  been  generally  recognised  that  plague 
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occurs  in  two  forms  distinguished  chiefly  by  their  severity,  the  one 
huving  been  called  Pestis  rnimr,  or  mild  bubonic  plague,  the  other,  Feslis 
major,  or  severe  bubonic  plague,  which  present  different  forms  or  types. 
But  recent  observers  prefer  to  classify  the  cases  under  three  main  heads ; 
viz.  Bubonic,  Septicajmic,  and  Pneumonic,  according  as  the  glands,  the 
blood,  or  the  lungs  are  mainl}^  afiected.  These  three  forms  are  not 
absohitely  distinct ; they  may  be  combined,  or  one  form  may  pass  into 
another,  but  other  special  symptoms  ai-e  generally  associated  with  each 
variety.  The  mild  or  minor  form  seems,  however,  to  deserve  special 
mention,  and  thus  we  have  four  varieties  or  forms; — (1)  Mild  1)ubonic, 
(2)  Severe  bubonic,  (3)  Pneumonic,  (-1)  Sejjticmmic. 

I.  Mild  Bubonic  Plague  or  Pestis  Minor  has  i-eceived  of  late  years 
less  attention,  because  it  does  not  form  a part  of  the  severe  plague 
epidemics,  and  does  not  seem  to  be  so  characteristic  a form  in  Indian  or 
Chinese  ])lague  as  in  the  other.  But  in  vai’ious  parts  of  the  world  it  has 
been  observed  to  prevail  unchanged  for  periods  of  weeks  or  months.  It 
is  often  the  precursor  of  severe  epidemics,  and  in  such  cases  the  increase 
in  severity  is  sometimes  gradual,  but  moi-e  often  a sudden  development 
into  the  severe  form  occurs.  The  bacillus  has  been  found  in  minor 
plague  by  recent  observers.  This  form  was  observed  in  Mesopotamia, 
preceding  severe  epidemics  in  the  }'^ears  1873-77;  and  in  the  city  of 
Astrakhan  in  1877,  the  year  preceding  the  severe  outbreak  of  1878-7'.)  at 
Vetlanka  in  that  province.  It  also  occurred  in  London  in  16G4,  the 
year  before  the  great  epidemic.  It  may  also,  in  plague  countries,  follow 
a severe  epidemic.  This  form  is  distinguished  from  the  severe  bubonic 
form  by  the  facts  that  it  is  never,  or  rarel}^,  fatal ; that  no  contagion  is 
observed,  and  that  it  is  not  transmitted  from  one  place  to  another,  at 
least  in  ihe  same  form.  Mild  forms  of  plague  have  also  been  observed 
in  India  and  China  prevailing  as  epidemics,  but  perhaps  with  less  dis- 
tinctness than  in  the  AVestern  Asiatic  seats  of  plague.  Further  observations 
are,  however,  required.  Since’  it  causes  only  a slight  or  no  mortality, 
this  form  of  plague  has  often  been  overlooked  or  misunderstood. 

In  some  countries  the  prevalence  of  a disease  characterised  by 
glandular  swellings  without  fever  has  been  observed  to  precede  epidemics 
of  definite  plague.  This  happened,  for  instance,  in  Egypt  1834-35,  where 
it  was  explained  as  due  to  an  axira  x>estUentice  •,  in  Baghdad  1867,  and 
elsewhere  in  IMesopotamia  ten  years  later ; in  Hong-Kong  and  Southern 
China  before  the  great  epidemic  (Cantlie).  This  affection  has  also  been 
called  fehris  intermittens  huhonica,  but  the  epithet  intermittens  is  in- 
appropriate. Probably  these  were  all  instances  of  mild  plague ; but 
there  are  no  records  of  examination  for  bacilli. 

II.  Severe  Bubonic  Plague.^ — Incubation. — The  latent  period  between 
the  reception  of  infection  and  the  commencement  of  symptoms  is 
imi)erfectly  known,  but  appears  to  be  generally  from  three  to  five  or  at 

^ In  this  summary  the  accounts  given  by  Dr.  Cabiailis  ami  Mr.  Colvill  of  plague  in  Irak 
have  been  combined  with  the  more  important  and  more  detailed  later  observations  made  in 
India,  Cliina,  and  other  parts. 
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most  ten  days.  Observation  for  about  eight  days  may  therefore  be 
taken  as  sufficient  to  shew  whether  a suspected  person  is  or  is  not 
infected,  but  in  some  cases  this  period  may  have  to  be  prolonged. 

The  symptoms  of  plagne  vary  much  in  their  intensity  and  relative 
fi’ecpiency  in  different  epidemics ; but  the  order  in  which  they  present 
themselves  and  the  general  course  of  the  attack  are  tolerably  uniform. 

Prodromal  Stage. — Often  the  onset  is  quite  sudden  ; but  when  pre- 
liminary symptoms  (prior  to  the  coming  on  of  fever)  are  observed  they 
are  as  follows : — The  Jiervous  system  is  chiefly  affected.  There  is  severe 
lieadache,  vertigo,  staggering  gait,  and  appearance  suggestive  of  drunken- 
ness passing  into  lethargy.  Colvill  says — “ The  patient  appears  absent- 
minded,  moves  along  speaking  to  no  one,  enters  his  house  mechanicallj', 
shutting  the  door,  and  drops  on  to  his  bed,  as  if  in  despair  or  wander- 
ing in  his  mind.”  The  pallid  face,  the  injected  eyes,  the  ^•acant  or 
stupefied  expression  of  countenance,  with  inability  or  refusal  to  answer 
questions,  often  enable  an  exi)erienced  eye  to  make  the  diagnosis.  AVith 
these  are  associated  the  usual  symptoms  of  acute  febrile  disease,  pains 
in  the  limbs,  extreme  muscular  weakness,  and  intense  malaise.  The 
tongue  at  first  is  thickly  coated  on  the  dorsum,  the  edges  being  red ; 
later  it  becomes  extremely  dry  and  of  a mahogany  coloiir.  Bilious 
vomiting  or  hciematemesis  are  occasionally  the  initial  symptoms.  The 
prodromal  stage,  when  present,  may  last  a few  hours  or  a day,  rarelj^ 
longer. 

Febrile  Stage. — Immediately  after  the  above  symptoms,  concurrent!}^ 
with  them,  or  sometimes  from  the  beginning,  high  fever  comes  on, 
ushered  in  by  a prolonged  rigor  or  repeated  shiverings.  The  temperature 
may  rise  rapidly  to  102°,  104°,  or  even  to  107°  F.  and  higher.  The 
pulse  is  always  rapid,  from  90  to  120  or  130.  The  maximum  is  usually 
attained  on  the  evening  of  the  second  or  third  day ; sometimes  on  the 
tii-st,  rarely  on  the  fourth  day.  It  is  described  as  sometimes  very  small 
and  thread-like,  at  other  times  not  especially  weak.  Mr.  Cantlie  speaks 
of  it  as  very  variable  in  force,  frequency,  and  characte)’.  The  skin  is  at 
first  extremely  dry,  not  always  very  hot  to  the  touch.  There  is  excessive 
thirst,  with  a sense  of  burning  in  the  throat  and  stomach.  Constipation 
is  the  rule  during  this  stage.  Nausea  or  vomiting  is  sometimes  observed. 
From  the  extreme  weakness  the  decubitus  is  dorsal.  The  nervous 
disturbances  are  mainly  those  already  described  ; sometimes  they  jiass 
into  active  delirium,  more  often  into  lethargy  and  coma.  Insomnia  may 
alternate  Avith  drowsiness.  In  children  convulsions  may  occur.  AA^eak- 
ness  or  loss  of  power  of  articulation  is  (according  to  Dr.  Jennings)  so 
constant  as  to  be  practically  diagnostic  of  plague.  The  e.xpression  of 
anxiety  gradually  gives  way  to  apathy  from  Avant  of  control  over  the 
facial  muscles.  The  duration  of  the  febi'ile  stage  Avould  apj)ear  usually 
to  be  from  tAvo  to  five  days,  but  sometimes  it  is  much  longer.  The  fall 
of  temperature  is  generally  described  as  sudden,  and  it  may  not  rise 
again  ; but  in  some  cases  a recurrence  of  high  temperature  after  three 
or  four  days  is  observed.  In  some  fatal  cases  the  rectal  temperature 
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after  death  was  found  to  be  high.  In  cases  which  do  well  there  is  a 
gradual  but  irregular  fall,  and  after  fourteen  days  the  temperature  is 
often  subnormal. 

iJuhoc'S  or  inflammations  of  lymph-glands  constitute  the  most  important 
and  characteristic  feature  of  plague.  They  are  I'arely  wanting,  and  then 
only  in  cases  Avhich  are  very  ra})idly  fatal  ; and  especially  in  the 
j)neumonic  form,  though  it  is  difficult  to  say  in  what  proportion  of  cases 
they  are  absent,  since  in  the  jianic  of  an  epidemic  they  may  be  over- 
looked. The  term  “ bubonic  plague  ” is  therefore  in  the  main  accurate. 

Buboes  are  in  some  instances  the  first  symptoms  to  attract  the 
attention  of  the  patient,  perhaps  by  a sudden  lancinating  pain.  INIore 
usually  they  occur  after  the  onset  of  fever,  on  the  second,  third,  fourth, 
or  even  the  fifth  day  of  the  disease.  AVith  the  appearance  of  Iniboes 
there  is  often  some  abatement  of  the  fever  and  general  symptoms.  The 
affected  glands  are  generally  extremely  painful,  but  sometimes  the 
enlargement  is  insidious,  and  onl}?^  detected  on  examination.  They  may 
enlarge  ra{)idly,  more  often  graduall}^  Glands  are  usually  aft'ected  in 
groups,  but  generally  one  is  much  larger  than  the  rest.  At  first  the  glands 
are  extremely  hard,  and  in  fatal  or  very  severe  cases  may  retain  this  char- 
acter to  the  last ; in  other  cases  suppuration  occurs,  which  is  a late  feature 
and  generally  regarded  as  a favourable  sign.  It  is  often  more  prevalent 
during  tlie  decline  of  an  epidemic.  On  the  other  hand,  rapid  softening, 
flattening,  or  even  disappearance  of  a bul)0  during  the  height  of  the  attack 
is  sometimes  observed,  and  is  a sign  of  the  worst  omen,  being  speedily 
followed  l)y  death.  It  was  so  in  London  in  lG6o,  and  in  later  epidemics 
in  Irak.  Sometimes  the  skin  over  the  bubo  becomes  gangrenous, 
forming  a carbuncle.  According  to  ]\Ir.  Cantlie  great  oedema  surrounds 
the  ghuids,  converting  the  group  into  an  elevated  doughy  mass,  some- 
times five  or  six  inches  in  diameter.  A bubo  once  formed  usuall}"  lasts 
during  the  whole  of  the  attack.  In  su})purative  cases  which  recover  tlie 
process  may  be  prcfionged  for  several  days,  or  even  for  some  weeks,  and 
leave  formidable  scars,  the  diagnostic  marks  of  a past  attack  of  plague. 

The  size  of  a bubo  does  not  generally  exceed  that  of  an  almond  or  a 
walnut,  but  may  attain  that  of  an  egg  oi-  small  orange.  Small  and  hard 
buboes  are  regarded  as  of  moi’e  serious  import  than  the  large  and  soft. 
In  the  majority  of  cases  (three-fourths  or  more  according  to  some  observers) 
oidy  a single  prominent  swelling  occui’s : but  swollen  glands  are  to  be 
found  in  other  regions  if  soiight  for.  Generally  about  75  per  cent  or  more 
of  the  cases  have  bulioes  of  some  kind.  AA^ith  regard  to  situation  all 
observers  agree  that  the  inguinal  group  of  glands  is  most  frequently 
affected,  such  cases,  according  to  Cabiadis  and  Colvill  (if  with  these  bo 
included  those  of  the  femoral  triangle),  making  40-50  per  cent  of  the 
total  number ; but  when  the  femoral  glands  have  been  distinguished 
from  the  inguinal,  the  former  appeared  to  be  most  frequently  attacked. 
Next  in  frequency  of  attack  come  the  axillary  glands — in  2o  or  30  per 
cent  of  cases,  ancl  in  a larger  proportion  of  female  patients  ; the  cervical 
and  submaxillary  or  other  glands  are  only  attacked  occasionally.  Some 


PLAGUE 


399 


interiuil  glands,  es})ocially  the  various  abdominal  groups,  are  always 
found  iiiHamod  on  post-mortem  examination.  In  four  different  sets  of 
observations  in  India  the  proportion  of  inguinal  (with  femoral)  glands 
affected  varied  from  63  to  70  per  cent,  of  all  cases  with  buboes.  The 
axillary  glands  were  affected  in  1.5  to  20  per  cent,  the  cervical  in  5 to  15 
per  cent,  and  in  3 to  5 per  cent  there  was  multiple  gland  affection.  The 
mortality  was  generally  highest  in  the  cases  of  axillary  buboes.  It  has  ))een 
supposed  that  the  great  lialulity  of  the  inguino- femoral  glands  was 
due  to  the  bacillus  entering  the  skin  of  the  feet  or  legs  in  a barefooted 
population ; but  this  is  not  continued  by  wider  observation.  The 
special  liability  of  this  glandular  group  is  the  same  in  cveiy  country 
where  plague  occurs,  whether  the  inhabitants  wear  boots  or  not  (Simpson). 
The  situation  of  the  bubo  does  not  regularly  correspond  with  the  part 
where  the  infection  enters  the  body,  though  sometimes  such  a relation 
is  observed.  Hence  some  pathologists  hold  that  the  buboes  result  from 
a genez’al  infection  and  the  distribution  of  bacilli  by  the  blood.  Of 
secreting  glands  the  parotid  is  sometimes,  though  rarely,  inflamed. 

Carbuncles. — Gangrenous  patches  of  skin,  or  “ caiTuncles,”  though 
evidently  not  the  same  as  what  are  noAv  called  carbuncles  proceeding  from 
sebaceous  glands,  form  another  characteristic  feature  of  plague.  Accoi'ding 
to  Cabiadis  and  Colvill,  they  occur,  however,  only  in  2 or  2i  per  cent  of 
the  cases.  Eed  patches  appear  on  the  skin,  and  become  indurated  and 
sometimes  vesicular ; then  necrosis  occurs,  which  spreads  till  the  patch 
may  attain  a width  of  some  inches.  They  may  occur  on  any  part  of  the 
surface  of  the  body,  and  have  sometimes  been  attributed  to  direct 
introduction  of  the  virus  of  plague  into  the  skin.  In  recent  Indian  and 
Chinese  epidemics  this  feature  was  distinctly  less  common  than  it  would 
appear  to  have  been  in  the  older  epidemics. 

Petechia'. — Purpuric  patches,  due  to  ccchymoses,  sometimes  of  small 
size  (petechize),  sometimes  larger,  are  often  seen  in  severe  cases.  In  the 
seventeenth  century  they  were  known  as  the  “ tokens,”  and  I’cgarded 
as  invariably  indicating  the  approach  of  death.  Neither  petechim  nor 
ecchymoses  have  formed  important  symptoms  in  the  different  outbreaks 
of  the  present  pandemic,  but  they  are  occasionally  well  mai’ked  in  severe 
cases  before  death  (Simpson). 

General  pustular  or  vesicular  eruptions  have  rarely  been  observed. 

Siomting  is  an  extremely  variable  symptom.  In  certain  epidemics 
very  profuse  sweats  have  been  observed,  in  others  this  fcatuie  has  been 
entirely  wanting. 

llmnorrhage  from  various  organs  is  sometimes  observed  in  severe 
cases,  and  is  much  more  frequent  in  some  epidemics  than  in  others. 
Epistaxis  is  a common  form  of  it,  l)ut  pulmonary  luemorrhage,  usually 
associated  with  congestion  or  pneumonia,  is  regarded  as  of  specially 
serious  import.  It  Avas  observed  in  the  first  epidemic  of  the  Black  Death 
in  Europe  (1348),  in  the  epidemic  on  the  Volga  in  1879,  and  on  many 
other  occasions.  This  is  characteristic  of  the  pneumonic  form  of  the 
disease,  and  was  at  one  time  thought  by  Ilirsch  to  be  peculiar  to  Indian 


400 


SYS7'£A/  OF  MEDICINE 


plague.  But  though  apparently  commoner  in  the  Indo-Chinese  strain,  it 
is  by  no  means  confined  to  that  form  of  the  disease. 

Haiinatemesis  is  sometimes  so  noticeable  as  to  have  been  called 
“ lilack  vomit  ” ; and  intestinal  hsemorrhage  produces  black  dejections. 
Urinary  haemorrhage  and  metrorrhagia  may  occur,  and  the  cases  are 
generally  or  always  fatal.  The  hiemori'hagic  form  of  plague,  though  not 
constituting  a distinct  type,  may  be  compared  to  the  haemorrhagic  forms 
of  small-pox,  scarlet  fever,  and  so  forth. 

The  remaining  symptoms  will  be  best  considered  in  relation  to  the 
various  systems  of  the  body. 

Nervous  Si/stem. — The  general  features  have  been  already  described. 
There  is  profound  poisoning,  aftecting  especially  the  cerebrum,  l)ut  with 
little  disturbance  of  motor  function,  except  occasional  convulsions,  and 
the  contraction  of  tendons  seen  in  the  last  stages  of  mau}^  febiile  dis- 
eases. Paralysis  does  not  appear  in  the  descriptions  except  as  one  of 
the  secpiels  of  an  attack.  The  violent  or  maniacal  delirium  of  older 
records  has  been  also  noted  in  recent  epidemics,  liemarkable  cases 
of  this  kind  Avere  observed  in  Bombay.  Some  patients  shewed  the 
tendency  to  leave  their  beds  and  rush  Avildly  into  the  open  air,  or  even 
attempted  to  travel  to  a distance,  as  has  often  been  observed  in  typhus  and 
small-pox.  In  some  cases  there  was  a tendency  to  homicidal  oi'  suicidal 
mania. 

Respiratory  System. — The  resihration  is  accelerated  in  the  febrile  state 
in  proportion  to  the  fever,  perhaps  more  so.  In  some  epidemics  marked 
symptoms  of  engorgement  of  the  lungs  and  pneumonia  with  profuse 
haemoptysis  are  described.  These  cases  are  now  recognised  as  the 
pneumonic  form  if  unaccompanied  by  buboes.  But  secondary  broncho- 
pneumonia and  bronchitis  are  not  unfrequently  met  with  in  ordinary 
bubonic  plague.  These  cases  have  in  some  instances  given  rise 
to  an  erroneous  diagnosis  of  epidemic  pneumonia.  In  Hong- Kong 
pulmonary  symptoms  Avere  absent.  These  variations  are  perhaps  partly 
connected  Avith  differences  of  climate  and  season. 

Digestive  System. — Beside  the  condition  of  the  tongue  already  noticed, 
some  cases  give  evidence  of  grave  gastric  disturbance,  in  the  form  of 
severe  bilious  vomiting ; this  is  sometimes  an  early  symptom,  but  it  may 
occur  at  any  stage.  Tlie  boAvels  ai-e  constipated,  as  a rule,  but  profuse 
diarrhfea  sometimes  occurs,  and  has  been  regarded  (Colvill,  Cantlie)  as  a 
favourable  symptom.  The  occurrence  of  gastro-intestinal  htemorrhage 
has  ah’cady  been  noted. 

Blood  and  Circulation. — The  French  physicians  in  Egypt  in  1835-36, 
a time  Avhen  bleeding  Avas  customary,  made  some  analyses,  from  Avhich 
it  ap])ears  that  the  blood  coagulated  imperfectly,  and  never  formed  a 
buffy  coat.  Its  sui-face  presented  fatty  globules,  the  serum  AA'as  deeply 
coloured,  aTid  in  some  instances  the  reaction  of  free  sulphuretted  hydrogen 
AA'as  obtained.  The  Avater  Avas  in  excess.  These  results  Avould  shcAv  pro- 
found decomposition  and  destruction  of  red  corpuscles.  The  late  Dr. 
H.  F.  iMiiller  in  -Bombay  observed  a dark  colour  and  high  venosity  in 
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a drop  of  blood  ol)tained  by  puuctiire  Avhen  heart-failure  was  beginning, 
but  no  colouring  of  the  serum.  Marked  leucocytosis  has  been  observed 
(45,000),  and  in  single  cases  even  1'20,000,  and  200,000  (Aoyama). 
The  increase  affected  the  polymorphonuclear  leucocytes.  Alterations  in 
the  red  corpuscles  are  not  constant.  The  bacillus  is  not  detected  in  the 
blood  till  the  disease  is  at  its  height,  and  is  numerous  in  the  later  stages 
only.  Cultivation  is  more  successful  than  microscopical  inspection  for 
its  detection.  Albrecht  and  Ghon  found  it  in  45  per  cent  of  the  cases ; 
the  (Torman  Commission  in  a smaller  proportion.  Cases  with  bacilli  in 
, the  blood  seldom  recover.  The  Ciirulatori/  disturbances  have  been 
described.  The  spleen  is  generally  enlarged. 

The  I'nnarii  Si/xiem  presents  nothing  very  notable.  The  urine  is 
generally  diminished,  sometimes  suppressed ; but  in  the  Hong-Kong 
epidemic  it  was  normal.  Ha?maturia  and  albuminuria  sometimes 
occur. 

IhiritHon  of  Attack. — Cases  are  sometimes  fatal  within  a day,  but  in 
general  the  duration  of  fatal  attacks  is  three  to  five  days.  Colvill,  in 
Ikighdad,  found  that  nearly  one-fourth  of  his  fatal  cases  died  on  the  first 
day,  about  three-fifths  within  three  days,  and  five-sixths  within  five ; a 
very  small  number  of  such  cases  lived  over  a week.  Hence  if  a patient 
lived  as  long  iis  this,  he  was  thought  pretty  certain  to  recover.  On  the 
other  hand,  cases  in  which  suppuration  of  buboes  occurs,  and  which 
recover,  may  be  protracted  to  three  weeks  or  a month.  l)r.  Simpson 
gives  as  the  result  of  his  experience  that  death  may  occur  within  one  or 
two  days  or  even  less,  but  may  be  later,  from  the  third  to  the  seventh 
day,  but  usually  occui's  between  the  second  and  the  sixth. 

Mortalitji. — Plague  is  the  most  fatal  of  all  known  epidemic  diseases 
affecting  large  numbers.  At  the  beginning  of  an  e])idemic  the  mortality 
is  often  80  to  90  per  cent  or  more  of  those  attacked,  and  this  rate  is 
maintained  or  increased  at  the  height  of  the  epidemic.  During  the  epidemic 
on  the  Volga  in  1879,  in  one  group  of  villages  visited  by  myself,  every 
, person  attacked  by  plague  had  died.  Towards  the  end  of  every  epi- 
demic recoveries  predominate  over  deaths,  so  that  the  average  mortality 
falls ; but  in  some  limited  epidemics  in  Irak  three-fourths  of  those 
attacked  have  died,  and  in  others  the  mortality  has  risen  to  90  per  cent 
or  moi'c.  In  the  larger  epidemics  of  Baghdad  in  1876,  the  proportion 
of  deaths  was  officially  stated  as  55'7  per  cent;  and  at  Ilillah  in  the 
same  country  it  was  given  by  Cabiadis  at  52 '6  per  cent.  In  other 

8 epidemics  the  percentage  of  fatal  cases  has  not  been  more  than  40  per 
cent,  and  in  Egypt  in  1834-35  about  one-third.  In  India  the  general 
% case-mortality  has  been  70  to  85  per  cent  among  natives.  In  Hong- 
2 Kong  89  to  96  per  cent  of  Chinese,  but  less  among  Indians  (77  per  cent) 
1 and  Japanese  (60  per  cent)  living  there.  In  South  Africa  for  the  coloured 
X population  56  per  cent,  in  South  America  (Asuncion)  50  to  66  per  ceiit 
k.  (Simpson).  The  above  statistics  refer  to  native  inhabitants.  The 
■ mortality  among  Europeans  was  much  less.  In  Hong-Kong  it  was  3 4 ‘6 
I per  cent;  in  Bombay  30  to  40  per  cent;  in  Cape  Town  33‘3  per  cent. 
I VOL.  ir. — I’T.  n 2 d 
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Our  Australiiui  colonial  2)opulations  have  shewn  a mortality  of  31  or  3'2 
per  cent  of  the  cases. 

The  total  mortality  has  notoriously  been  in  many  instances  very  great 
both  absolutely  and  in  i)roportion  to  the  jjoimlation,  though  older 
accounts  may  have  been  exaggerated.  The  Black  Death  is  calculated  to 
have  carried  olf  oue-third  of  the  inhabitants  of  Euroi)e,  and  in  some 
countries  more  than  one-half,  but  these  estimates  must  be  uncertain. 
In  modern  times  it  is  said  that  the  plague  of  1830-31  killed  60,000  of 
the  150,000  iidiabitants  of  Baghdad.  The  ejhdemic  of  1876  iu  Irak 
is  stated  to  have  destroyed  one-eighth  of  the  whole  population.  In 
1881  most  of  the  villages  afi'ected  lost  a moiety  or  more  of  their 
inhabitants.  As  in  such  times  a large  i)art  of  the  .surviving  2)opulation 
seeks  safety  in  flight,  it  is  easy  to  understand  how  A illages  may  be 
entirely  ruined  and  depoi^ulated  by  the  ravages  of  i^lague,  as  was?  the 
case  also  in  our  own  country  in  the  fourteenth  centuiy.  The  mortality 
in  India  has  been  noticed  on  p.  362. 

III.  Pneumonic  Form,  or  Primary  Plague  Pneumonia. — This  form 
has  been  observed  at  various  times,  as  in  the  first  epidemic  of  the  Black 
Death  in  1348,  in  the  Pali  Plague  1838,  and  other  Indian  ejudemics, 
and  at  Vetlanka,  Russia,  1878-79.  Forbes  gave  a clinical  descrijAion  of 
cases  in  Pali  1838,  of  which  the  late  Dr.  H.  F.  Midler  said  that,  ajjart 
from  some  details,  there  was  nothing  to  add,  nor  anything  to  take  away. 
Pneumonic  plague  was,  however,  first  discriminated  as  a sjiecial  form 
by  Dr.  L.  F.  Childe  at  Bombay  in  1897,  from  cases  most  of  Avhich  had 
been  diagnosed  during  life  as  pneumonia,  not  plague.  It  should  be 
remembered  that  bronchopneumonia  of  greater  or  less  severity  is  a not 
infrequent  comjAlication  in  bubonic  and  is  distinguished  as 

secondary  pneumonia. 

Symptoms  and  Clinical  Course. — The  attack  begins  usually  with  one 
violent  rigoi’,  or  repeated  shivers,  but  these  may  be  wanting.  Thei'e  are 
no  jn’odromal  symptoms.  Headache,  giddiness,  vomiting,  Amriable  in 
intensity,  follow.  Thei’e  is  no  jirimary  bubo.  The  facial  expression  is 
one  of  great  anxiety  and  there  is  imjierfect  articulation  as  in  the  bubonic 
form.  Pleuritic  pain  may  be  felt  on  the  second,  third,  or  fourth  day  ; 
cough,  with  ex}Aectoration,  and  rales  heard  on  auscultation  may  commence 
on  the  third,  fourth,  or  fifth.  The  temperature  is  high,  but  does  not 
differ  sjiecially  from  that  in  other  forms  of  plague.  The  jiromiuent 
symptoms  are  cough  and  blood-stained  expectoration.  Sometimes,  but 
not  always,  marked  hmmopty^sis  and  excessive  dy^spnoea  with  a tendency 
to  cyanosis.  The  resjiiration  rate,  according  to  IVIiiller,  Avas  as  a rule  over 
fifty,  sometimes  rising  to  seventy-five.  The  auscultatory  signs  are  those 
of  lobular  pneumonia.  The  dulness  on  percussion  is  not  marked.  The 
sputa  have  no  characteristic  appearance,  but  are  found  to  contain  bacilli 
in  enormous  uumbers.  These  are  also  detected  iu  the  blood.  SAvelling 
of  the  s])leen  is  very  marked.  Death  occurs  from  fiiilure  of  the  heart. 
In  the  older  accounts  death  is  said  to  have  occurred  Avithin  tAA’o  days. 
At  Bombay  about  half  the  cases  Avere  fatal  Avithin  five  days,  but  some 
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were  prolonged  to  a week  or  more.  The  disease  is  almost  invariably 
fatal. 

Pneumonic  plague  is  highly  contagious  and  generally  reproduces  the 
same  form  ; this  was  the  case  in  a series  of  eighteen  cases  oljserved  at 
Bombay.  Sometimes  l)y  accidental  inoculation  the  bubonic  foi'in  i-esults. 
In  one  case  at  Bombay  a portion  of  sputum  falling  on  the  conjunctiva 
gave  rise  to  ordinary  bubonic  jdague. 

Post-mortem  examination  shews,  besides  the  signs  of  scattered  foci 
of  pneumonia  in  the  lungs,  inflammation  of  the  bronchial  glands. 

IV.  Septicsemie  or  Septic  Form. — This  is  an  extremely  virulent  and 
rapidly  fatal  form  of  plague,  in  Avhich,  as  in  the  pneumonic,  bnboes  are 
absent,  or  not  discovered  during  life.  Some  observers  do  not  recognise 
it  as  a distinct  form.  It  is  distinguished  by  the  large  number  of  bacilli 
circulating  in  the  blood  and  by  clinical  characters. 

The  attack  begins,  as  in  other  forms,  with  rigors,  headache,  vomiting, 
and  high  fever.  In  some  cases  the  temperatui-e  is  below  100°  F.  (Simp- 
son). The  implication  of  the  nervous  system  is  very  marked.  “ Extreme 
nervous  prostration,  weakness,  drowsiness,  restlessness,  hurried  and 
panting  respiration,  small  and  full  pulse,  tympanites,  delirium,  picking 
of  the  bed-clothes,  stupor,  and  coma  cpiickly  follow.”  There  may  be 
bleeding  from  the  nose,  kidneys,  and  bowels.  Death  may  occur  on  the 
first,  second,  or  third  day,  with  symptoms  of  collapse.  If  the  patient 
survive  longer  buboes  may  appear.  In  fatality  this  comes  near  to  the 
pneumonic  form. 

Prognosis. — Tlie  most  unfavourable  symptoms  are  hiemorrhage,  in 
whatever  form,  and  petechial  eruptions  or  “ tokens  ” ; both  affections 
are  generally  lethal  prognostics.  Profound  affection  of  the  nervous 
system  is  also  an  unfavourable  sign,  and  so  is  abundance  of  bacilli  in  the 
l)lood.  Suppuration  of  buboes  is  always  of  good  omen.  Sex  and  age 
appear  to  have  little  or  no  influence  on  the  result.  All  observers  agree 
that  prognosis  is  generally  very  uncertain,  and  that  cases  apparently 
mild  often  terminate  fatally. 

Diagnosis. — Absolute  diagnosis  is  best  made,  when  practicable,  l)y  the 
detection  of  the  bacillus  in  the  tissues  or  fluids  of  buboes  oi'  other  pai  ts. 
But  when  this  is  not  possible,  there  are  other  signs  Avhich  may  be 
sufficient  for  diagnostic  purposes.  No  acute  febrile  disease  presents  the 
]X‘culiar  affection  of  the  lymph-glands.  Nevertheless  a casual  lym])hatic 
inflammation  or  an  inflamed  parotid  gland  may  occur  in  rare  cases  of 
other  diseases,  especially  in  typhus,  which  was  at  one  time  thought  to 
shew  in  some  cases  a transition  to  plague.  Modern  observers,  however, 
have  found  no  difficulty  in  making  the  diagnosis ; the  longer  duration  of 
typhus  (“the  fourteen  days’  fever”)  and  the  collective  symptoms  making 
a well-marked  distinction.  IMalignant  forms  of  malaria  have  sometimes 
been  confounded  with  plague ; but  the  absence  of  intermi.ssions,  or  even 
of  definite  remission  of  the  fever,  and  the  inefficacy  of  (|uinine,  are 
obvious  distinctions.  The  aspect  or  facies  of  a malarial  patient  is  also 
very  different.  But  if  suspicion  has  not  been  aroused,  mistakes  in 
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diagnosis  are  frequently  made ; and  at  the  beginning  of  an  epidemic 
the  disease  has  been  often,  not  to  say  generally,  unrecognised.  The  . 
chief  points  to  be  attended  to,  apart  from  glandular  eidargements,  are — 
the  sudden  onset,  the  high  temperature  with  dry  skin ; character  of  the 
tongue  and  injection  of  conjunctivje  ; intense  headache,  insomnia,  delirium, 
and  sometimes  vomiting  ; the  peculiar  facial  expression  above  mentioned; 
peculiar  manner,  refusal  to  answer  (questions,  and  (as  some  say)  dis- 
inclination of  the  ])atient  to  allow  that  he  is  ill. 

Treatment. — The  treatment  of  plague  cannot  be  regarded  as  satis- 
factory, but  the  newer  method  of  serum  treatment  is  more  promising 
than  the  merely  symptomatic  therapeutics  formerly  adopted.  In  old 
days  opinions  wei'e  divided  as  to  the  value  of  bleeding,  but  the  balance 
of  experience  was  decidedly  against  it.  The  violent  sudorifies  used  in 
the  seventeenth  century  appear  to  have  been  useless. 

In  modern  times  quinine  has  naturally  been  largely  administered,  but 
the  general  testimony  is  that  it  is  quite  useless.  Antiseptics  (such  as 
carl)olic  acid,  salicylic  acid),  antipyretics,  and  cardiac  stimulants  have 
all  been  tried  with  no  better  results ; purging  with  calomel  and  magnesia 
was  largely  used  in  Hong-Kong,  but  with  little  benefit.  In  fact,  nothing 
approaching  to  a specific  or  antidote  in  the  way  of  drugs  has  ever  been 
discovered.  The  general  principles  of  treatment  would  seem  to  be,  as  in 
other  asthenic  fevers,  to  give  the  patient  an  abundant  supply  of  fresh  air, 
to  avoid  overcrowding,  to  use  cold  affusions  or  baths  in  the  height  of  the 
fever,  and  to  administer  such  cooling  oi-  other  dilnks  as  may  promote  his 
comfort.  When  the  strength  is  failing,  stimulants  ai-e  of  course  indicated, 
but  alcoholic  stimulation  appears  to  be  of  less  value  than  in  typhus. 

In  the  seventeenth  century  some  good  observers  denounced  the  use  of 
“strong  waters”  as  positively  pernicious.  HjqDodermic  injections  of 
strychnine  have  been  largely  emplo3md,  and  with  good  effect.  Digitalis 
and  strophanthus  are  recommended  to  sustain  the  force  of  the  heart. 

In  a malady  of  such  short  duration  the  utility  of  abundant  nutrition 
would  appear  to  be  of  less  importance  than  in  more  protracted  illnesses. 
One  of  the  most  important  factors  in  assisting  the  patient’s  recovery, 
as  well  as  in  preventing  contagion,  is  abundant,  or  even  superabundant, 
ventilation,  the  good  effects  of  which  are  well  known  in  the  treatment  of 
typhus. 

Major  Thomson  and  Dr.  Thomson,  in  their  treatise  on  })lague,  hiv 
great  stress  on  keeping  the  patient  prone  till  the  temperature  has  been 
normal  for  at  least  four  days.  “Injudicious  breach  of  this  rule,  by 
allowing  patients  to  sit  up,  led  to  the  death  by  syncoi)e  of  twenty 
convalescents.” 

The  local  treatment  of  the  buboes  has  received  much  attention.  The 
general  result  of  experience  is  that  energetic  treatment  by  caustics, 
mercurial  inunction,  or  early  surgical  interference,  is  painful  and  fruitless. 

In  eai-ly  stages  soothing  applications  only,  such  as  poultices,  anodynes, 
or  ice-l)ags,  should  be  used.  When  softening  or  suppuration  occurs, 
surgical  treatment  by  incision  and  drainage  is  called  for,  but  nothing  is 
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gained  by  too  early  incision  (Simpson).  There  is  no  evidence  of  tiie 
value  of  thorough  antiseptic  sui-gical  methods ; but  in  the  Hong-Kong 
epidemic  the  injeetion  into  the  glands  of  solutions  of  perchloride  of 
mercury  and  carbolic  acid  seemed  to  be  of  temporary  benefit. 

j.  F.  r. 

Specific  Prophylaxis  and  Cure. — The  basis  of  the  attempts  to 
immunise  human  beings  against  plague  is  the  oft-repeated  observation 
that  recovery  from  an  attack  of  the  disease  confers  immunity,  although 
the  individuals  continue  to  be  exposed  to  infection.  This  observation 
has  been  utilised  in  the  employment  in  pest  hospitals  of  nurses  and 
attendants  who  have  had  the  disease  (Netter).  The  immunity,  how- 
ever, is  not  absolute,  as  in  many  epidemics  it  has  been  noted  that 
patients  may  succumb  to  a second  attack  of  plague  after  successfully 
])assing  through  a first.  Thus,  several  cases  were  submitted  to  the 
Indian  Plague  Commission,  in  which  two  and  even  three  attacks  had 
occurred  in  the  same  person,  the  intervals  betAveen  the  attacks  varying 
from  eight  days  to  tAven tv-six  months. 

The  artificial  establishment  of  immunity  against  plague  may  be 
brought  about,  as  in  certain  other  infective  diseases,  in  tAvo  Avays.  (A) 
Active  immunisation,  by  the  inoculation  of  cultures  of  the  plague  bacillus 
or  its  products.  (B)  Passive  immunisation,  by  the  inoculation  of  the 
blood -serum  of  animals  Avhich  haA^e  undergone  active  immunisation. 
Some  observers  recommend  a combination  of  these  tAvo  methods  for  use 
in  man. 

A.  Active  Immunisation. — This  has  been  practised  in  India  on  a very 
large  scale,  and  Ave  are  in  possession  of  a large  number  of  facts  dealing 
Avith  this  cpiestion.  In  general,  the  active  immunising  agents  used 
in  connexion  Avith  plague  may  be  divided  into  foiir  groups,  viz.  (1)  the 
inoculation  of  cultures  (broth  or  agar)  Avhich  have  been  heated  so  as  to 
destroy  the  vitality  of  the  plague  bacillus.  This  is  the  basis  of  the 
vaccins  used  I)y  Haffkine  and  the  German  Plague  Commission;  (2) 
inoculation  of  products  prepared  directly  fi-om  cultures  of  plague  bacilli 
(Lustig  and  Galeotti’s  vaccin) ; (3)  inoculation  of  ]>roducts  derived  fi'om 
the  bodies  of  animals  recently  inoculated  Avith  liAung  plague  cidtui’es— 
c.g.  Terni  and  Bandi’s  vaccin,  Huej)pe  and  Kikuchi’s  vaccin,  Klein’s  pro- 
phylactic ; (4)  inoculation  of  living  cultures  attenuated  spontaneously  or 
artificially — e.(i.  Kobe’s  v'accin. 

As  the  active  immunisation  by  killed  cultures  is  the  oidy  one  Avhich 
has  been  applied  to  man  on  a large  scale,  it  Avill  be  neces.sary  to  refer  to 
it  in  detail.  The  immunising  Arabic  of  dead  cultures  of  Bacillus  pestis 
Avas  first  observed  by  Yersin,  Calmette,  and  Borrel  in  the  case  of  rabbits 
Avhich  Avere  found  to  Avithstand  doses  of  living  virulent  plague 
cultures,  provided  that  they  had  ]ireviously  been  treated  Avith  agar 
cultures  heated  to  58°  C.  The  experimental  results  gained  by  these 
investigators  Avere  then  applied  to  man  by  Hafi’kine  in  his  plague 
prophylactic.  In  the  preparation  of  this  agent  broth-cultures  inoculated 
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with  plague  bacilli  are  grown  for  one  mouth,  and  after  testing  their 
purity,  the  bacilli  are  destroyed  by  heat  at  GO’  to  70°  C.  As  a further 
precaution  a cpiajitity  of  carbolic  acid  is  usually  added.  From  the  first, 
great  difficulty  was  experienced  in  adequately  standardising  the  vaccin, 
so  that  the  dose  was  more  or  less  arbitrary,  and  varied  in  different  samples 
between  5 and  '20  c.c.  With  a vaccin  prepared  as  above  Haffkine  first 
of  all  inoculated  himself  (10th  January  1897),  the  re.sulting  symptoms 
Ijeing  severe  pain,  tenderness,  fever,  and  considerable  malaise.  Almost 
immediately  after  this  experiment  large  numbers  of  people  in  India 
availed  themselves  of  the  protection  assumed  to  be  afibrded  by  the  plague 
prophylactic,  and  the  earliest  results  were  strongly  in  its  favour,  for  of 
8142  2)crsons  inoculated  in  Bombay  only  eighteen  developed  plague. 
Before,  however,  dealing  with  the  statistical  data  on  which  the  true  value 
of  Hatt'kine’s  vaccin  is  based,  it  is  necessary  to  consider  the  questions  of 
its  dosage,  standardisation,  and  the  results  that  have  been  determined 
experimentally  in  the  case  of  animals.  Even  at  the  present  time 
considei’able  doubt  exists  as  to  whether  the  immunising  principle  of 
Haffkine’s  vaccin  is  contained  in  the  fluid  part,  in  the  sediment,  or  in 
both.  Contrary  to  the  opinion  of  Kolle,  Liston,  and  others,  Dr.  Klein 
(141)  found  that  the  fluid  part  of  the  vaccin  is  endowed  with  protective 
properties.  In  Captain  Douglas’s  recent  experiments  with  the  filtrates 
from  seven  different  vaccins,  5 2 ‘5  per  cent  of  the  rats  immunised  with 
the  filtrates  survived  lethal  doses  of  living  plague  bacilli  administered  at 
the  end  of  ten  days.  It  would  appear  also  that  the  degree  of  virulence 
of  the  plague  culture  is  not  a matter  of  great  moment  in  the  manufacture 
of  the  prophylactic,  as  Captain  Douglas  obtained  a high  degree  of 
protection  from  vaccins  prepared  from  cultures  which  were  practically 
non-virulent.  Haffkine  judged  the  strength  of  his  vaccin  and  the  dose 
to  be  employed  by  the  degree  of  opacity  which  it  presented  to  the 
naked  eye,  or  in  its  first  inoculations  by  the  e(pxally  xmsatisfactory 
method  of  determining  the  dose  necessary  to  ]>roduce  a certain  rise  of 
temperature  when  injected  into  human  beings.  In  his  evidence  befoi-e  the 
Indian  Commission,  Captain  Douglas  shewed  that  the  amount  of  sediment 
was  sometimes  seven  times  as  much  in  some  vaccins  as  in  others.  Even 
at  the  present  time,  however,  the  difficulty  of  standardisation  has  not 
been  surmounted,  and  it  would  seem  that  the  only  feasible  method  is  to 
inoculate  comparative  gi’oups  of  human  beings  with  varyung  doses,  and  to 
determine  which  dose  leads  to  a maximum  production  of  anti-bodies  in 
the  blood,  or  which  dose  leads  to  the  greatest  protection  when  the  in- 
oculated individuals  are  exposed  to  the  natural  risks  of  plague  infection. 

The  effects  of  the  inoculation  of  Haffkine’s  vaccin  can  only  be  described 
as  severe.  Three  hours  after  inoculating  himself  with  a dose  of  1 c.c. 
of  a six-weeks-old  dead  broth  - culture.  Captain  Douglas  was  seized 
Avith  a rigor ; considerable  felxrile  disturbance  lasted  for  several  days, 
accompanied  by  great  malaise  and  pain  at  the  point  of  the  inoculation. 
To  Avhat  extent  these  unpleasant  symptoms  are  a necessary  part  of  a 
successful  plague  A'accination  is  not  known. 
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Ji'esulf:?  obtained  in  India  bij  the  use.  of  Ilaffkine's  Prophylactic. — Although 
tlie  methods  of  st:ind;u-(lisiiig  the  vaociii  Avero  crude,  and  although  it 
was  frequently  contaminated  by  extraneous  microbes,  the  Indian  Plague 
Commission,  after  a searching  inquiry  into  the  whole  question,  reported 
favourably  ou  Hafi’ldne’s  method  of  active  immunisation.  The  conclusions 
of  the  Indian  Commission  gave  a considerable  impetus  to  the  practice  of 
inoculation,  and  large  numbers  of  people  were  inoculated  when  {)lague 
spread  into  the  Punjab.  Unfortunately  a disaster  occurred  at  Malkowal 
in  November  1902,  when  nineteen  people,  inoculated  from  the  same  bottle 
of  vaccin,  were  attacked  with  tetanus  and  all  succund^ed.  This,  combined 
with  racial  prejudices,  has  done  a great  deal  to  thwart  the  progress  of 
plague  vaccination.  In  refci’ence  to  the  value  of  the  statistics,  it  was  con- 
sidered by  the  Commission  that  the  following  series  of  inoculations  were 
the  least  fallacious,  viz.  those  at  the  Byculla  house  of  correction,  at 
Umarkhadi,  Undhera,  P)angalore,  Bulsar,  Lanauli,  Kirki,  Gadag,  and 
Daman.  In  the  subjoined  table  the  total  results  have  been  worked  out 
from  data  given  by  the  Commission. 
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Cases  of 
Plague. 

Per  cent 
of  Plague 
Cases. 

Deaths 

from 

Plague. 

Per  cent 
•of  Deaths 
from 
Plague. 

Case- 
Alortality 
lier  cent. 

' Uiiiiioculated 

11,272 

469 

4-16 

.348 

3-08 

74 

j Inoculated  . 

15,082 
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2-26 
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0-98 

43 

Taking  all  the  facts  into  consideration,  the  Indian  Plague  Commis- 
sion arrived  at  the  following  conclusions:  (1)  “Inoculation  .sensibly 
diminishes  the  incidence  of  plague  attacks  oti  the  inoculated  popula- 
tion, but  the  protection  afforded  against  attacks  is  not  absolute.  (2) 
Inoculation  diminishes  the  death-rate  among  the  inoculated  pojmlation. 
This  is  due  not  only  to  the  fact  that  the  rate-attack  is  diminished,  but 
also  to  the  fact  that  the  fatality  of  the  attack  is  diminished.  (3) 
Inoculation  does  not  appear  to  confer  any  great  degree  of  protection 
Avithin  the  first  feAv  days  after  the  inoculation  has  been  performed.  (I) 
Inoculation  confers  a protection  Avhich  certairdy  lasts  for  some  con- 
siderable number  of  Aveeks.  It  is  possible  that  the  protection  lasts  for 
a niiml)er  of  months.” 

With  a properly  standardised  and  sterile  vaccin,  and  Avith  a dose 
accurately  determined  to  be  the  optimal  one,  very  much  better  results 
might  be  expected. 

Other  Faccins. — The  difficulties  of  standardising  Hafflcine’s  ])rophylactic, 
and  also  the  seA’ere  eflPects  induced  by  its  inoculation,  led  the  German 
Plague  Commission  to  recommend  the  use  of  killed  agar  cultures. 
Experimentally  a vaccin  made  in  this  Avay  gives  good  protection,  but 
it  has  not  been  extensively  used  on  man.  Lustig  and  Galeotti  isolated 
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a nucleo-proteid  immunising  substance  from  plague  cultures  by  digesting 
the  bacilli  with  jjotash  and  then  precipitating  with  dilute  acetic  acid. 
The  precipitate  is  then  dried  and  constitutes  the  vaccin.  For  an 
adult  the  dose  is  stated  to  be  2 to  3 mgr.  This  vaccin  was  employed  to 
protect  600  peojde  in  San  Nicola  (La  Plata),  and  no  one  contracted 
plague.  Shiga  recommended  protection  by  a combined  use  of  anti- 
plague serum  and  heated  agar  cultures,  this  method  being  emi»loyed  in 
forty-seven  cases  in  Osaka  and  Kobe.  Besredka  made  a vaccin  by  first 
digesting  the  bacilli  with  saline  solution  and  subsecpiently  precipitating 
the  bacillary  bodies  by  a strong  agglutinating  serum. 

Both  the  Gei'inan  and  Austrian  Plague  Commissions  pointed  out 
that  living  cultures  which  had  undergone  attenuation  might  be  used 
as  vaccinating  agents.  In  1902  Kolle  and  Otto  made  a large  number 
of  experiments  with  an  old  living  laboratory  culture  which  had  under- 
gone attenuation,  and  reported  very  successful  results  concerning  the 
immunisation  of  guinea-pigs.  Thus,  of  thirty-four  guinea-pigs  inoculated 
with  the  attenuated  culture,  76  per  cent  survived  the  introduction  of 
virulent  cultures  at  a subsequent  date.  Becently  Kolle  and  Strong  haA'e 
i-eported  the  results  obtained  by  inocidating  living  attenuated  cultures  in 
human  beings.  The  cultures  were  so  attenuated  that  an  entire  agar  slant 
culture  would  not  kill  a guinea-pig.  The  first  injections  were  carried 
out  in  the  Philippines  by  Strong  on  prisoners  under  the  sentence  of 
death,  of  a loopful  of  living  bacilli  being  inoculated  under  the  skin 
wdthout  appreciable  effect.  Later  it  was  found  that  a whole  agar 
culture  could  be  inoculated  without  any  severe  reaction.  Of  forty-two 
human  beings  inoculated  in  this  way  it  was  noted  that  the  temperature 
begins  to  I’ise  a few  hours  after  inoculation,  occasionally  reaching  104°  F. 
By  the  third  day  the  temperature  falls ; the  local  lesions  are  slight. 
The  degree  of  protection  afforded  b}’  vaccinating  human  beings  with 
living  cultures  has  not  yet  been  determined,  but  from  similar  experiments 
on  monkeys  and  guinea-pigs  it  may  be  expected  to  be  high.  Naturally, 
very  great  care  would  be  necessary  in  recommending  a method  like 
this  on  a big  scale  in  plague -stricken  communities,  as  from  unforeseen 
circumstances  the  virulence  might  increase  and  plague  be  induced. 
As  long  ago  as  1755,  Weszpremi  suggested  the  artificial  inoculation  of 
pest  on  the  lines  of  variolisation,  and  in  1781  a Kussian  physician, 
Samoilowitz,  inoculated  himself  with  plague  pus : he  passed  through  a 
mild  attack  of  bubonic  pest  and  became  immune.  He  recommended 
the  application  to  the  unbroken  skin  of  a pledget  of  lint  saturated  Avith 
bubonic  pus.  Other  experimentei’s  had,  however,  very  unfortunate 
results.  Thus  Cerutti  inoculated  six  persons,  five  of  Avhom  died  of 
]3est. 

Terni  and  Bandi  have  jJrepared  a vaccin  from  the  peritoneal  exudate 
of  animals  inoculated  Avith  living  virulent  pest  cultures.  Immediately 
after  the  animals  succumb  the  peritoneal  exudate  is  collected  and 
incubated  at  37°  C.  for  tAvelve  hours.  The  vitality  of  the  contained 
bacilli  is  destroyed  by  heat  at  52°  C.,  and  the  fluid  is  then  diluted  doAvn 
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vitli  water  containing  carbolic  acitl.  This  vaccin  is  said  to  ha^■e  good 
ininmnising  powers.  Hueppe  and  Kiknchi  have  recently  described  a 
somewhat  similar  method  depending  on  the  presence  of  aggressins 
obtained  by  the  method  of  Bail.  On  the  same  principle  is  the  new 
])lagne  prophylactic  advocated  by  Dr.  Klein  (142).  This  is  prepared  from 
the  necrotic  plague  nodnles  in  the  buboes  and  spleen  by  drying  over 
snlphnric  acid  at  46°  to  47°  C.  until  complete  sterility  is  obtained.  1 0 to  1 5 
mgr.  of  the  dry  powder  snffice  to  protect  rats  against  virnlent  plagne 
bacilli. 

B.  Passive  Immunisation — Anti-pluyue  Serum. — Following  the  lines  laid 
down  by  Behring  and  Kitasato  for  diphtheria  and  tetanus,  Yersin, 
Calmette,  and  Borrel  immunised  horses  with  plague  cidtnres,  and  asserted 
that  after  a time  the  serum  accinires  antidotal  proj)crties  preventing 
or  curing  a pest  infection  in  animals.  In  general,  two  types  of  anti- 
plague serum  may  be  recognised,  viz.  one  derived  from  the  inoculation 
with  cultures  of  plagne  bacilli  (Paris  serum,  Berne  serum.  Lister  Institute 
serum,  Brazil’s  serum),  and  one  dei’ived  from  the  inoculation  of  animals 
with  nucleo-proteids  produced  from  cultures  (Lustig’s  serum).  In  the 
former  of  these  horses  are  treated  first  with  killed  then  with  living 
cultures  in  doses  gradually  increasing  till  quantities  as  large  as  100  c.c. 
can  be  tolerated  without  danger.  At  first  the  inoculations  are  made 
subcutaneously  but  afterwards  intravenously.  The  horses  are  Ided 
about  three  to  four  weeks  after  complete  recovery  has  been  established. 
Apart  from  determining  whether  the  serum  is  toxic,  accurate  standardi.sa- 
tion  does  not  appear  to  be  carried  out,  the  dose  recommended  for  man  being 
entirely'  empirical.  Since  small  doses  failed,  larger  doses  have  been  tried, 
and  in  India,  in  accordance  Avith  Roux’s  recommendation,  an  initial  dose  of 
100  c.c.  Avas  used.  Quantities  up  to  235  c.c.  (Walton  and  Douglas), 
and  in  one  case  700  c.c.  (West),  Avere  given  but  failed  to  prevent  a fatal 
issue.  Apai't  from  the  ordinaiy  effects  Avitnessed  on  injecting  alien 
serum,  no  serious  complications  occurred.  In  regard  to  the  experimental 
evidence  of  the  protection  afforded  by  plague  serum,  Koch,  v.  Behring, 
Pfeiffer,  Kolle,  and  Martini  found  that  it  could  prevent  a fatal  issue, 
provided  it  Avere  inoculated  first.  AVhereas,  if  living  vindent  plagne 
bacilli  Avere  injected  at  the  same  time  as  the  serum,  the  latter  Avas 
practically  valueless,  and  still  less  so  if  the  plague  culture  Avere  injected 
first.  As  has  been  observed  in  man,  the  serum,  hoAvever,  a])pears  to  prolong 
life. 

liesults  in  Man.  — In  India  Y’ersin  obtained  relatively  favourable 
results,  as  did  other  observers,  Avhen  selected  cases  only^  Avere  treated. 
WhereA'er  cases  have  not  been  selected  and  a series  of  strict  controls 
have  been  taken,  practically'  no  advantage  has  been  seen  in  the  serum 
group.  Thus  in  the  cases  treated  by  Captains  Douglas  and  Walton  the 
folloAving  Avere  the  results  : — 
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1.  Bangalore. 


Cases. 

Deatlis.  1 

Case-Mortality. 

Treated  witli  serum  . 

49 

31 

63-2 

Treated  without  serum 

54 

29  ! 

.53-7 

2.  In  Bombay  every  second  case  was  treated  with  serum,  the  others 
serving  as  controls.  In  this  series  the  cases  were  strictly  comparable 
both  as  regards  severity  of  type  and  period  of  disease. 


Cases. 

Deatlis. 

Case-Mortality.  j 

Treated  Avith  serum  . 

28 

24 

85-71  j 

Treated  witliout  serum 

28 

23 

i 82-14  1 

! J 

In  the  entire  series  of  cases  (treated  with  Paris  serum)  in  which 
reliable  controls  existed,  Captains  Walton  and  Douglas  had  the  following 
experience  : — 


Cases. 

Deaths. 

Recoveries. 

Case-Mortality. 

Treated  with  serum 

226 

168 

58 

74-83 

Treated  without  serum  . 

231 

163 

68 

70-56 

The  exhaustive  analysis  of  all  the  available  data  compelled  the 
Indian  Plague  Commission  to  the  conclusion  that  the  “method  of  serum- 
therapy  as  applied  to  plague  has  not  been  crowned  with  a therapeutic 
success  in  any  way  comparable  to  that  obtained  by  the  application  of  the 
serum  method  to  the  treatment  of  diphtheria.”  Still  more  recently 
Colonel  Bannerman  (118)  has  analysed  the  results  obtained  in  India  up 
to  May  1904,  and  has  also  come  to  the  conclusion  that  anti-pest  serum 
is  much  less  efficacious  than  diphtheria  antitoxin.  The  following  table, 
taken  from  Colonel  Bannerman’s  paper,  refers  only  to  cases  “in  which  the 
conditions  of  trial  were  reasonably  accurate,  and  in  which  a series  of 
control  ])atients  strictly  comparable  Avith  those  treated  with  serum  Avas 
available.” 


i 


n 

i 
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Serum  Cases. 

Control  Cases. 

« 

i 

.Vo. 

1 

1 

j 

1 Deaths 

1 Recov- 
■ eries. 

1 

1 Case- 
: Mortality 
^ per  cent. 

Vo. 

Deaths. 

Recov- 

eries. 

1 

Case- 

! -Mortality 
1 l>er  cent. 

1 Jtoux-Yersin  serum  by  In- 
i diaii  Plague  Commission 

1 (Bangalore) 

49 

31 

18 

63-26 

54 

29 

-25 

53-7 

Roux-Yersin  serum  by  In- 
dian Plague  Comnnssion 
(Bombay) 

28 

23 

5 

82-14 

28 

24 

1 

4 

CO 

Roux  - Yersin  serum  by 
Russian  Commission 

(Parel) 

50 

40 

10 

80-0 

' 50 

40 

10 

80-0  , 

Roux-Yersin  serum  by  Dr. 
Mayr,  1902 

31 

29 

0 

93-54 

31 

29 

2 

93-54 

I Roux-Yersin  serum  by  Dr. 
1 West  (Bombay) 

68 

45 

23 

66-17 

68 

41 

27 

60-29  ! 

1 

« 

* Total  treated  with  Roux- 
1 Yersin  serum 

226 

168 

58 

71-33 

231 

163 

68 

70-56 

i 

Lustig’s  serum  (Dr.  Turk- 
( luul,  1900) 

66 

54 

12 

81-81 

66 

48 

18 

72-72 

■ 

Lustig’s  serum  (Dr.  Mayr, 
1902) 

31 

31 

100-0 

31 

29 

2 

93-54  ! 

1 

Lustig’s  serum  (Poona, 
1902) 

27 

21 

6 

77*7 

28 

-20 

8 

71-42 

Lustig’s  serum  (3rd  series, 
Bombay) 

484 

330 

154 

C'l-18 

484 

385 

99 

79-54 

Total  treated  with  Lustig’s 
serum 

608 

436 

172 

71-71 

609 

482 

127 

79-14 

Terni’s  serum  . 

110 

89 

21 

80-90 

110 

90 

20 

81-81 

Brazil’s  serum  (JIaratha 
Hospital) 

50 

41 

9 

82-0 

50 

45 

5 

90-0 

Brazil’s  serum  (Modikhana 
Hospital) 

20 

17 

3 

85-0 

20 

15 

5 

75-0 

Total  treated  with  Brazil’s 
serum 

70 

58 

12 

82-85 

70 

1 

60 

10 

1 

1 

85-71 

While  the  serum  is  unable  to  influence  the  case -mortality  in  any 


412 


SVSTEJ/  OF  MEDICINE 


marked  degree  it  would  appear  that  life  is  freqiiently  prolonged  by  its 
use,  as  is  seen  in  the  following  table  also  taken  from  Col.  Bannerman 
(118). 


'* 

Kind  of  Serum  Used, 

Average  Number  of  Days 
in  Hospital  in  Fatal  Cases  in 

Advantage  in 
Favour  of 

Serum  Ca.ses. 

Control  Cases. 

Serum  Cases. 

Roux  ....... 

7*57 

4-19 

3 '.38 

Lustig . 

3-89 

2’76 

1-13 

Teini  ....... 

3-27 

2-93 

0-34 

r Hospital  . 

i Brazil  J 

‘ ( Modikluma  Hospital 

1 

2 '.06 

2-25 

0-31 

2-06 

4 -6] 

1 

to 

It  would  also  aj^pear  probable  that  intravenous  are  more  beneficial 
than  subcutaneous  injections  of  the  serum,  as  the  absorption  by  the  latter 
route  is  mueh  slower. 


Serum  Cases. 

Control  Cases. 

No. 

Deaths. 

Case- 
Mortality 
per  cent. 

No. 

Deaths. 

Case- 
Mortality 
per  cent. 

Subcutaneous  injection  only 

43 

29 

67-4 

43 

28 

65 '1 

Subcutaneous  injection  followed  by 
intravenous  injection. 

12 

8 

66-6 

12 

6 

o 

o 

Primary  intravenous  injection  followed 
by  similar  injections  or  in  some  few 

13 

8 

61-5 

13 

7 

53 -S 

cases  by  subcutaneous  medication. 

68 

45 

66-2 

68 

41 

60 -iJ 

Mode  of  Action  of  Antq^laguc  Serum. — Considerable  doubt  exists  whether 
antiplagrie  serum  • possesses  bactericidal  properties  or  not.  According  to 
Kolle,  slightly  virulent  plague  bacilli  are  dissolved  by  the  serum  in  rit'O. 
Sir  A.  E.  Wright  and  Captain  Windsor  were  unable  to  demonstrate  any 
bacteriolytic  action  in  normal  serum  in  vitro.  Markl  attributes  the  action 
of  plague  serum  mainly  to  phagocytosis,  and  in  conformity  with  this  obser- 
\'ation  Captain  Douglas  found  that  after  inoculation  of  Haffkine’s  vaccin  the 
opsonic  index  of  the  serum  rose  to  three  times  the  normal  strength,  but 
fell  away  after  the  ninth  day.  Markl  also  attributes  antitoxic  properties 
to  antiplague  serum.  Under  the  influence  of  injections  of  plague  cultures 
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(Vii/lutiniiis  are  developeil  in  the  serum,  and  if  plague  serum  be  added  to 
filtrates  from  plague  cultures,  an  abundant  development  of  prixipitins  can 
also  be  seen.  W.  I>. 

S.  E.  1 ). 
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Pestschut7,inipfuugeii  bei  Thieren,”  Deutsche  med.  JVoch.  1897,  No.  15,  p.  227.— 150. 
Idem.  “Remarks  on  the  Preventive  liioc.  against  Bubonic  Plague,”  BriL  Med.  Juuru. 
1900,  i.  IT  311. — 151.  Maukl.  “ Zur  Agglutination  des  Pestbacillus,”  y. 

Bakt.  1901,  x.xix.  p.  810. — 152.  Idem.  “Ueber  die  Pesttoxine  nnd  die  Gewinnung 
von  antito.x.  Pestserum,”  JVieaer  'med.  IFoch.  1900,  No.  51,  jt  2412.  Biem. 

“Zur  Keniitniss  des  Meclianisnius  der  kiiiistlichen  Immunitiit  gegen  Pest,”  Ztschr.f. 
Hijej.  1903,  xlii.  p.  244. — 154.  Martini.  “Ueber  die  Wirkung  des  Pestserunis  bei 
exp.  Pestpneumonie  an  Ratten,  etc.,”  Klin.  Jahrh.  1903,  x.  p.  137. — 155.  Nettkr. 
La  r>este  et  son  microbe,  Paris,  1900.— 156.  Polvkrini.  “ Serumtliera])ie  gegen 
Beulenpest,”  Miinch.  med.  JBoch.  1903,  No.  15,  ji.  649. — 157.  Shibay.vma.  “Ueber 
die  Agglut.  des  Pestbacillus,”  Ccntralbl.  /.  Bakt.  1905,  xxxviii.  ji.  482. — 158. 
Stewa°ii'.  “Experiments  to  determine  the  Efficacy  of  the  different  Constituents 
of  Halllvine’s  Plague  Projihylactic,”  Brit.  Med.  Juurn.  1900,  i.  p.  501. — 
159.  Strong.  “ Vaccination  against  Plague,”  The  Philippine  Journ.  of  Science^ 
1906,  i.  p.  181. — 160.  Symmers.  “ Report  on  the  Prejiaration  of  Plague  Serum,” 
Gentralbl.  f.  Bakt.  1899,  xxv.  j).  460.— 161.  TAiiANrciiiN.  “ Zur  Erage  der  s])ccif. 
Precijiitate  des  Antipestserums,”  Gentralbl.  f.  Bakt.  1904,  xxxiv.  ji.  555. — 162.  Terni 
and  Bandi.  “ Bereitung  der  antipestbsen  Lymjdie  aus  deni  periton.  Exudaten  der 
inticirten  Thiere,”  Deutsche  med.  IPoch.  1900,  No.  29,  p.  463. — 163.  A\  right  and 
IViNHSOU.  “ On  the  Bactericidal  Effect  exerted  by  Human  Blood  on  Certain  Species 
of  Pathogenic  ilicrobes,  etc.,”  Journ.  of  Hyg.  1902,  ii.  p.  385. — 164.  Yersin.  “ Siir  la 
peste  bubonique  (sero-therapie),”  Ann.  dc  V Inst.  Pasteur,  Paris,  1897,  xi.  ]).  81. — 165. 
Yersin,  Calmette,  and  Borrel.  “La  peste  bubonique,  ” Ann.  de  I’ Inst.  Pasteiir,  1895, 
ix.  p.  589. — 166.  Zabolotny.  “ Sur  les  projirietes  agglut.  du  serum  dans  la  peste 
bubonique,”  Gompt.  re'nd.  Soc.  de  biol.  1897,  No.  19,  p.  520. 

AV.  B. 

Prophylaxis  and  Prevention  of  Plague. — The  measures  comprised 
under  this  head  have  for  their  object  {a)  to  prevent  the  transmission 
of  plague  from  one  place  to  another ; {h)  to  iirevent  the  spread  of 
plague,  when  the  disease,  or  its  germs,  have  been  introduced  into 
any  place ; (c)  to  remove  or  modify  local  conditions  which  make  the 
place  a favouralile  soil  for  the  growth  of  either  endemic  or  imported 
plague. 

(a)  Regulations  intended  to  secure  the  first  of  these  objects  have  been 
known  and  practised  for  centuries.  Since  it  was  long  ago  observed  that 
sick  per-sons  or  contaminated  objects  might  carry  the  infection,  the 
rough  method  of  total  exclusion  was  adopted  to  prei’ent  transmission  of 
the  disease.  But  when  it  was  found  that  this  practice  involved  complete 
stoppage  of  trade  and  intercourse,  and  was,  moreover,  not  always  effectual, 
the  attempt  was  made  to  permit  intercourse  under  such  conditions  that 
the  infection  should  be  kept  out.  The  measures  founded  on  this  jirinciple 
constitute  what  is  strictly  called  quarantine.  The  system  thus  called 
was  framed  by  the  A'^enetians  about  the  year  1-18.5,  with  a reference  to 
sea  traffic,  especially  to  their  trade  with  the  Levant ; and  was  the  model 
for  all  the  similar  regulations  which  governed  European  trade  for  cen- 
turies ; being  applied,  with  necessary  modifications,  to  land  traffic  also. 
It  remains  a marvellous  product  of  Italian  ingenuity  ; such  faults  as  it 
had  being  due  to  imperfect  knowledge,  or  to  mistaken  princijfies.  The 
system  consisted  in  careful  examination  of  all  ships  coming  from  infected 
or  suspected  countries  ] the  detention  of  those  to  which  any  suspicion 
attached,  and  the  removal  from  them  of  all  persons  and  merchandise  to 
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sti'ictly  isolated  buildings  called  Jjazarettoes,  where  they  were  detained 
for  forty  days.  During  this  time  the  passengers  were  carefully  watched 
for  the  ap})earance  of  any  symptoms  of  illness,  while  all  merchandise, 
personal  eti'ects,  and  clothing  were  submitted  to  a minute  process  of 
disinfection  by  exposure  to  air  and  sunlight.  If  any  case  of  plague 
occurred,  the  period  of  forty  days  had  to  be  begun  afresh.  The  .system 
is  now  obsolete,  and  need  not  be  minutely  described  ; but  there  can  be 
little  doubt  that  while  it  was  in  force  it  was,  though  not  always  success- 
ful, even  in  A’euiee,  largely  efficacious  in  preventing  the  introduction 
of  plague  fi-om  the  Levant  into  European  ports.  At  IMarseilles,  for 
instance,  there  were  several  instances  of  plague  being  arrested  in  the 
quarantine  station,  and  not  spreading  into  the  town  ; though  on  the 
mcmoral)le  occasion  of  1720  these  precautions  failed,  and  plague  forced 
the  barriers,  producing  a celebrated  epidemic.  In  other  Mediterranean 
ports,  immunity  was  secured  for  many  years.  The  old  quarantine  system 
was  an  international  arrangement  secured  l>y  treaties,  and  was  not 
formally  abolished  till  1897.  In  England  it  cannot  1)C  said  that  any 
quarantine  system  was  ever  regularly  enforced  ; the  policy  in  regard  to 
plague  oscillating  between  extreme  laxity  and  the  temporary  enforcement 
of  total  stoppage  of  traffic.  A veiy  rigoroxis  system  recommended  by 
Alead  in  1720  never  had  to  be  put  into  practice.  The  first  Act  of 
Parliament  establishing  a general  quarantine  system  was  the  outcome 
of  a Parliamentary  Commission  in  1819,  at  which  time  it  was  hardly 
needed.  The  system  was  finally  abolished  in  1897  by  the  repeal  of  that 
Act. 

To  prevent  the  spread  of  plague  on  land  the  old  custom,  which  lasted 
up  to  the  last  few  years,  was  to  surround  the  infected  town  or  distilct 
with  a military  cordon,  which  persons  were  prohilhted  to  cross  under  pain 
of  death.  In  the  eighteenth  century  some  people  were  actually  shot  foi- 
breaches  of  these  rules. 

, International  Agreements  as  to  the  Prophylaxis  of  Plague. — The  regula- 
tions noAv  in  force  are  based  upon  the  decisions  of  the  International 
Sanitary  Conventions,  held  at  Venice  in  1897  and  at  Paris  in  190;l, 
regarding  cholera  and  plague.  The  later  Convention  added  certain  regu- 
lations as  to  the  destruction  of  rats  on  infected  oi'  suspected  ships.  The 
chief  provi.sions  agreed  to  at  these  Conventions  ai'c ; — (1)  That  every 
Government  must  immediately  notify  to  the  other  Governments  the  fii'st 
appearance  of  recognised  cases  of  plague  in  its  territoiy  ; and,  beside 

3 other  details,  the  presence  of  that  disease  or  of  unusual  mortality  among 
rats  and  mice.  (2)  AVhen  several  noji-imported  cases  of  plague  have 
i occurred  iu  a certain  place,  that  local  area  shall  be  declared  infected  ; 
» and  the  Government  of  that  country  shall  take  measures  to  ])revent  the 
1 spread  of  the  epidemic.  Other  Governments  may  adopt  any  measvues 
s they  think  proper  with  regaitl  to  anlvals  from  an  infected  area  or 
u country,  but  must  immediately  make  these  arrangements  i)ublic.  (3) 

< To  prevent  exportation  of  plague  from  infected  ports  thei'C  must  be 
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medical  inspection  of  the  crew  and  passengers  of  outward-bound  ships, 
detention  of  persons  with  suspicious  symptoms,  and  disinfection  of 
suspected  articles.  (4)  To  prevent  importation  of  plague  Ijy  ships  from 
infected  ports,  special  measures  are  authorised.  After  medical  inspection 
such  ships  are  declared  iLmlthy,  if  they  have  left  the  infected  port  for  ten 
days  or  more  and  plague  has  not  appeared.  If  cases  of  plague  have 
occurred  on  board,  but  not  within  twelve  days,  such  ships  are  declared 
saspected.  If  plague  has  occurred  on  board  within  twelve  days,  the  ship  is 
infected.  These  are  differently  treated,  llecdthj  ships  are  subjected  to 
no  restrictions;  but  the  crew  and  passengers  are  placed  under  surveillance 
for  ten  days  from  the  date  of  leaving  the  infected  port ; that  is,  their 
names  and  destinations  ai-e  recorded,  and  information  is  given  to  the 
Health  Authorities  of  the  places  to  which  they  are  going.  In  suqiccted 
ships  those  parts  of  the  ship  exposed  to  infection  must  be  disinfected, 
and  the  persons  are  kept  under  surveillance  for  five  days  from  the  date  of 
arrival.  Destruction  of  rats  on  board  is  recommended.  In  the  case  of 
infected  ships,  the  sick  are  at  once  disembarked  and  isolated  ; other  per- 
sons are  isolated  for  five  days,  and  kept  under  surveillance  for  ten  days, 
at  the  discretion  of  the  authorities.  Those  parts  of  the  ship  which  have 
been  infected  b}^  plague -patients  must  be  disinfected,  and  baggage 
and  personal  effects  also,  at  the  discretion  of  the  authorities.  Eats  on 
board  must  be  destroyed  as  quickly  as  possible ; and,  in  any  case,  within  i 
forty-eight  hours.  Even  a healthy  ship  in  which  rats  affected  with  plague  I 
have  been  found,  or  where  there  has  been  an  unusual  mortality  of  them,  ^ 
* is  subject  to  similar  rules  for  destruction  of  rats,  disinfection,  and  sur-  | 
veillance  of  persons. 

Land  Quarantine. — The  regulations  for  quarantine  on  land  frontiers  ; 
are  much  simplified.  The  old  system  of  “ Sanitary  Cordons,”  intended  j 
to  prohibit  all  communication  -with  an  infected  place,  is  now  recognised  | 
as  useless,  and  as  having  special  dangers  of  its  own.  But  there  is  to  be  j 
medical  inspectioii  at  the  frontier  of  all  travellers,  with  detention  of  sick  | 
or  suspicious  cases,  and  disinfection  of  personal  effects  belonging  to  such  j 
])ersons.  Merchandise,  in  general,  is  not  subject  to  detention,  but  exclu- 
sion or  compulsory  disinfection  may  be  applied  to  certain  articles  of 
personal  use,  such  as  rugs,  clothing,  bedding ; and  to  raw  hides,  animal 
refuse,  haii-,  and  the  like.  Postal  traffic  is  not  interfered  Avith.  Special 
regulations  Avere  made  by  the  Paris  Convention  of  1903  for  traffic 
through  the  Eed  Sea  and  the  Suez  Canal,  and  for  pilgrimages  to  Mecca, 
Avhich  need  not  be  considered  here. 

Preventive  Measures  against  Plagur  in  the  United  Kingdom.  — The 
regulations  noAv  in  force,  under  the  aiithority  of  the  Local  Government 
Board,  against  the  introduction  of  plague  are  based  upon  the  decisions 
of  the  International  Sanitary  CoTiventions,  and  Avere  summarised  as 
folloAvs,  by  the  late  Sir  Eichard  Thorne^: — (1)  Medical  examination  of 

' ‘ ‘ Rejiorts  .'iiul  Paper.s  on  Bubonic  Plague,  i.s.sued  by  the  Local  Goverumeut  Board, 
1902,”  )).  .34.  The  complete  regulations  may  be  I'ouiul  in  the  same  volume. 
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all  pei'sons  on  board  ships  arriving  from  iufectcil  or  suspectod  ports ; 
(•2)  Kcmoval  to  an  isolation  hospital  of  any  person  suftering  from  plague, 
or  suspected  plague ; (3)  Disinfection  of  articles  believed  to  have  had 
opportunity  of  becoming  infected  ; (4)  Disinfection  of  those  parts  of  the 
vessel  occupied  by  the  case  of  plague,  or  suspected  plague  ; (5)  The  taking 
of  names  and  addresses  of  all  persons,  including  the  crew,  on  board  ships 
where  plague,  or  suspected  plague,  has  occurred ; such  persons  being 
at  liberty  to  proceed  to  their  destinations  ; (6)  Transmission  of  these 
names  and  addresses  to  the  sanitary  authorities  of  the  respective  districts 
concerned,  with  the  view  that  these  newly  arrived  persons  l)e  kept  under 
the  supervision  of  the  IMedical  Officer  of  Health  for  ten  daj’s.  The 
enforcement  of  these  precautions  is  directed  by  several  memoranda  issued 
by  the  Boanl.  A supply  of  Haffkine’s  prophylactic  is  kept  in  readiness 
by  the  Board,  to  be  supplied  to  any  IMedical  Officer  of  Health  Avho  may 
require  it.  Arrangements  have  been  made  for  testing  by  a bacteriological 
expert,  appointed  l)y  the  Board,  the  diagnosis  of  any  plague  cases  that 
may  be  reported. 

A special  memorandum  refers  to  Ship-home  Puits  and  Plague,  of  which 
the  folloAving  are  the  chief  heads:  — (1)  On  the  arrival  of  a vessel 
whereon  plague,  or  suspected  plague,  has  occurred,  methods  should  be 
taken  to  destroy  the  rats  on  board  the  vessel.  Until  this  has  been  done, 
endeavour  should  be  made  to  prevent  rats  leaving  the  ship  by  mooring 
the  vessel  in  an  isolated  position,  and  by  placing  guards  on  cables  and 
hawsers  used  for  mooring  purposes.  (2)  In  the  case  of  vessels  arriving 
from  infected  j)laces,  even  if  no  plague,  or  suspected  plague,  have  occurred, 
strict  inquiry  should  be  made  as  to  mortality  or  sickness  among  rats 
during  the  voyage.  The  body  of  a sick  rat  should  be  obtained,  in  ordei- 
to  ascertain,  by  bacteriological  examination,  the  nature  of  the  malady 
affecting  them.  (3)  Exceptional  sickness  or  mortality  on  board  of  any 
vessel  arriving  in  the  district,  from  whatever  port,  should  be  viewed 
with  suspicion.  (4)  Eats,  when  destroyed,  should  not  l)e  handled,  but 
cremated.  (5)  In  the  event  of  the  ship-rats  being  found  to  be  infected 
with  plague,  all  parts  of  the  vessel  frequented  by  those  animals  should 
be  disinfected.  (6)  The  authorities  of  seaport  towns  invaded  by  plague 
should  endeavour  to  secure  the  destruction  of  all  rats  in  the  town,  and 
to  jirevent  their  making  their  way  on  board  vessels  lying  in  the  jiort 
(same  Eeport,  p.  54).  These  measures,  which  are  evidently  of  the 
highest  possible  importance,  appear  in  sevei’al  instances  to  have  pre- 
vented plague  from  becoming  established  in  our  seaport  toAvns. 

Q))  Prevention  of  the  Spread  of  Plague  in  an  Infected  Loeality.- 
hen  plague  has  once  appeared  in  any  inhabited  place,  measures  are 
required  to  limit  its  spread,  to  prevent  other  persons  from  becoming 
infected,  and  to  destroy,  as  far  as  possible,  the  active  bacilli  present, 
whether  these  are  attached  to  the  objects  surrounding  the  sick,  or  in 
lower  animals,  especially  rats.  Formerly  attempts  were  made  to  isolate 
the  infection  by  shutting  up  the  houses  in  which  cases  of  plague  occurred 
till  all  the  inmates  had  either  died  or  recovered.  This  was  notoriously 
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the  method  adopted  in  the  old  London  epidemics,  including  the  great 
plague  of  1G65.  These  measures  were  not  only  cruel,  as  involving  the 
almost  certain  infection  of  most  of  the  inmates  in  the  affected  house,  but 
dangerous,  as  such  a house  was,  by  concentration,  converted  into  a more 
virulent  focus  of  plague  than  it  was  originally. 

The  measures  now  adopted,  which  were  also  recommended  by  the 
more  enlightened  sanitary  autliorities  even  in  old  times,  aim  at  isolation 
of  the  disease  by  evacuation  of  the  house,  the  inmates  being  conveyed, 
if  already  infected,  to  a hospital,  or,  if  unaffected,  to  an  obseiwation 
hospital.  The  rules  now  laid  down  by  the  Local  Government  Board  in 
this  country  require : — (1)  Immediate  notification,  enfoi'ced  under 
penalty,  to  the  Medical  Officer  of  Health,  and  by  him  to  the  Central 
Board,  of  every  recognised  (or  suspected)  case  of  plague.  (2)  Prompt 
scientific  diagnosis  by  bacteriological  testing  of  material  from  such  cases. 
To  assist  in  the  identification,  arrangements  are  made  by  which  such 
material  may  be  sent  by  the  Medical  Officer  of  Health  to  the  Central 
Authority  for  examination  by  experts.  (3)  The  measures  to  be  taken 
to  prevent  the  spread  of  plague  are,  generally  speaking,  those  available 
against  the  more  ordinaiy  epidemic  diseases.  “ These  include  prompt 
removal  of  the  sick  persons  to  hospital  and  their  isolation  therein ; the 
destruction  or  thorough  disinfection  of  all  infected  articles,  with  the 
effectual  disinfection  also  of  the  invaded  dwelling-place ; the  keeping 
under  observation  during  ten  days,  after  detection  of  each  plague 
case,  of  all  persons  who  have  been  in  contact  with  the  patient,  and 
house-to-house  visitation  for  the  discovery  of  unrejjorted  or  suspicious 
cases ; the  abatement  as  speedily  as  possible  of  all  insanitary  conditions 
in  the  locality  which  may  tend  to  the  spread  of  the  disease ; and,  in  the 
case  of  death,  the  prompt  disposal  of  the  corpse,  with  all  due  j)recautions 
against  its  becoming  a source  of  infection.”  . . . “ An  essential  measure 
of  precaution,  in  view  of  the  observed  relation  between  plague  in  rats 
and  plague  in  the  human  subject,  will  be  the  prompt  destruction  of  all 
rats  in  districts  threatened  or  invaded  by  plague,  care  being  taken  that 
their  carcases  are  collected  and  burnt  without  being  unduly  handled  ” 
(94).^ 

For  the  protection  against  infection  of  doctors,  nurses,  and  others  in 
attendance  on  the  sick,  or  otherwise  exposed  to  infection,  the  Board 
recommends  the  use  of  Haffkine’s  plague  prophylactic,  and  is  prepared 
to  issue  this  material  to  the  Medical  Officers  of  Health  of  disU-icts  actually 
invaded  by  plague. 

For  the  disinfection  of  contaminated  objects,  and  for  doors,  the 
Board  recommends  the  solution  of  ]ierchloridc  of  mercury  as  generally 
used  (common  sublimate,  half  an  ounce ; hydrochloric  acid,  one  duid 
ounce,  with  dve  grains  of  aniline  blue  in  three  gallons  of  water),  or 
1 per  cent  solution  of  chlorinated  lime,  or  1 in  50  of  formalin.  For 
disinfecting  the  interiors  of  rooms  chlorine  gas  is  preferred  to  suljihurous 
acid ; but  spraying  of  a liquid  disinfectant  (as  above)  on  the  walls  and 
doors  is  more  efficacious.  In  a later  I'eport  (1904)  the  Board  gives  the 


PLAGUE 


4'9 


results  of  examination  by  Dr.  Haldane  of  the  Clayton  method  for 
disinfecting  ships  and  killing  i-ats  on  board  ship.  This  method  is  also 
applied  to  the  disinfection  of  houses.  It  consists  essentially  in  the 
coml)ustion  of  sulphur  at  a very  high  temperature,  producing  not  oidy 
sulphurous  acid,  but  sulphuric  anhydride  and  other  sulphur  j)roducts. 
This  process  has  been  carefully  tested  by  Dr.  Simpson,  Dr.  Hewlett,  and 
others,  and  fouml  to  be  the  most  satisfactoiy  and  ethcient  method  for 
the  purposes  mentioned  above  (Simpson,  p.  359,  391,  etc.). 

The  regulations  summarised  above  agree  in  the  main  Avith  those 
Ciirried  out  in  all  countries  Avhere  plague  has  appeared,  and  in  some 
places,  as  in  Gla.sgo\v,  Avith  conspicuous  success ; but  modifications  are 
necessarily  required  by  local  circumstances.  In  the  Indian  cities  popular 
opposition  made  it  impossible  to  carry  out  such  measures  thoroughly. 

In  the  Indian  villages  and  small  communities,  a complete  evacuation, 
AAUth  the  removal  of  the  poi)ulation  to  temporary  camps  Avhile  their 
dAvellings  AA^ere  being  disinfected,  Avas  found  to  be  very  efficacious  in 
cheeking  epidemics,  and  aa'us  successfully  carried  out  in  the  villages  of  the 
Punjab,  by  Captain  James.  Similar  measures  had,  indeed,  been  adopted 
by  the  inhabitants  of  the  Himalayan  villages  of  their  oAvn  accord.  In 
Ca[je  ToAvn  some  plague-infected  areas  Avere  completely  cleared  of  their 
native  population,  Avho  Avere  provided  Avith  temporary  dAvellings  in 
another  quarter ; and  thus  the  plague  AA'as  completely  stamped  out 
among  the  native  population  (Simpson). 

For  the  destruction  of  rats,  besides  ordinary  methods,  the  introduc- 
tion by  Danysz  of  a bacillus  pathogenetic  to  them  has  been  AAudely  used 
for  their  destruction.  In  some  places  this  method,  of  AA'hich  the  details 
cannot  here  be  given,  has  been  A'ery  efficacious ; in  other  places  much 
less  so.  Success  appears  to  depend  upon  measures  adapted  to  maintain 
the  A’irulence  of  the  cultures.  It  has  been  apj)lied  either  by  inoculating 
a number  of  rats,  who  are  then  set  free  to  nfect  their  lu’ethren,  or  ])v 
distributing  articles  of  food  impregnated  Avith  the  virus. 

In  the  disinfection  of  contaminated  olqects,  it  has  been  sheAvn  that 
exposure  to  almndant  fresh  air  and  sunlight  are  important  adjuncts  to  all 
antiseptic  treatment ; and  may  indeed  be  efficacious  Avithout  chemical 
aids,  though  requiring  a much  longer  time. 

All  measures  adopted  to  prevent  the  spread  of  jdague  are  based  upon 
the  supposition  that  the  disease  is  directly  or  indirectly  communicalde 
from  the  sick  to  the  healthy  ; and  though  it  has  been  shcAvn  that  the 
contagiosity,  in  the  ordinary  sense,  of  plague  is  very  limited,  it  is  better 
to  proceed  on  the  supposition  that  it  may  l)e  thus  conveyed.  The 
difficulties  raised  by  adopting  this  hypothesis  are  less  important  than  the 
possible  dangers  of  neglecting  the  precautions  thus  suggested. 

There  may  be  some  doubt  as  to  Avhether  Avhat  are  called  ordinary 
sanitary  pi’ecautions — cleanliness,  attention  to  drainage,  ])revention  of 
overcrowding  in  dAvellings,  etc. — have  any  great  influence  in  limiting  the 
spread  of  plague ; but  there  can  be  no  doubt  that  the  neglect  of  these 
renders  any  inhabited  place  a favourable  soil  foi-  the  groAvth  of  the  germs 
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of  plague ; and  that  in  places  which  exhibit  some  approach  to  “ sanitary 
perfection  ” the  disease  is  far  less  likely  to  establish  itself. 

J.  F.  Payne. 
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MALTA  FEVER 

By  .J.  Lane  Fottep,,  M.A.,  M.D. 

Synonyjis  : Mediterranean  fever  ; Gastric  remittent  and  Bilious  remittent 
fever  ; Mediterranean  gastric  remittent  fever  ; La  fehhrc  gastro-hiliosa ; 
Fd’co-malarial  fever ; Intermittent  typhoid ; Adeno-typhoid  ; Febris  corn- 
plicata  : Febris  sudoralis  ; Typho-mcdarial  fever ; Pythogenic  septiccemia ; 
Bock  fever ; Neapolitan  fever ; Danubian  fever. 

Short  Deseription. — An  endemic  fever  of  long  dni’ation  (usually  lasting 
from  a few  weeks  to  many  months),  accompanied  by  profuse  perspii-;i- 
tion  and  constipation,  and  often  followed  by  pains  of  a rheumatic  or 
neuralgic  character,  with  swelling  of  the  joints,  orchitis,  and  tenderness 
and  enlargement  of  the  spleen.  The  disease  is  further  characterised  by  a 
small  mortality,  tedious  convalescence,  a constant  liability  to  relapses,  and 
well-marked  an;emia.  The  term  “Undulant”  fever  was  suggested  by 
Hughes  (11),  but  as  Col.  Bruce  has  shewn  these  undulations  are  merely 
i-ecrudescences  or  relapses  of  the  fever,  which  may  occur,  and  often  do,  in 
enteric  and  other  fevers. 

History, — In  the  Epidemics  of  Hippocrates  there  are  passages  which, 
making  allowance  for  the  difterences  between  the  modes  of  thought  and 
e.vpression  of  his  day  and  those  of  our  time,  might  almost  pass  for  a brief 
description  of  the  disease. 

The  earliest  mention  of  this  fever  is  found  in  the  reports  of  the 
medical  officers  of  the  navy  and  army  in  the  early  part  of  the  last 
century.  That  it  undoubtedly  existed  not  only  in  Malta,  but  also  in 
other  parts  of  the  Mediterranean,  is  ^'ery  clear  from  these  reports. 
Bnrnett,  writing  on  the  fevers  of  the  Mediterranean  in  181  G,  describes 
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tliis  disease  as  being  one  of  a severe  remittent  malarial  character.  It  was 
e<|ually  prevalent  among  the  British  occupants  and  the  native  population, 
but  in  l)oth  possibly  somewhat  modified  by  the  food  and  insanitary  con- 
ditions existing  at  that  date.  That  it  was  the  same  fever  as  we  are  now 
discussing  is  evident  from  the  statements,  “ Though  fevers  are  more 
common  than  in  England,  they  occasion  less  mortality  than  in  the  United 
Kingdom  ” ; and  again,  “ Kheumatism  was  common,  and  often  extremely 
intractiible.” 

In  the  few  published  writings  of  the  older  medical  officers  of  the  navy 
and  army  it  does  not  appear  that  the  primaiy  fever  of  this  disease  was 
distinguished  from  the  malarial  remittent  or  continued  fevers.  It  was 
not  till  after  the  Crimean  war  that  the  distinction  began  to  be  made. 
During  the  3'ears  1904-5-6  important  investigations  have  been  undei'- 
taken  by  a Committee  appointed  by  the  Royal  Society,  at  the  reqiiest 
of  the  Colonial  Office,  Admiralty,  and  War  Office  (16). 

Geographical  Distribution. — The  island  of  Malta,  from  which  this 
fever  takes  its  name,  is  built  up  of  sedimentary  rocks,  which  have  been 
divided  into  upper  and  lower  limestones  and  various  intermediate  beds  of 
sandstone,  traversed  by  innumerable  fissures.  It  is  but  scantily  covered 
1y  soil.  The  surface  presents  the  appearance  of  an  inclined  plane,  sloping 
gradually  to  the  south-west.  The  island  contains  neither  river  nor  lake, 
and  from  its  geological  structure  and  the  absorbent  nature  of  the  soil  has 
little  marshy  or  swampy  ground.  There  is  no  exuberant  vegetation, 
brushwood  or  forest ; the  verdure  is  scanty,  and  the  greater  part  of  the 
surface  pi-esents  nothing  to  the  view  but  the  arid  rock.  The  most 
])re valent  winds  are  from  the  south-east,  south,  and  north-west.  That 
from  the  south-east,  termed  the  sirocco,  is  common,  and  prevails 
principall}-  during  the  autumnal  months.  The  annual  mean  temperature 
is  68^  F. ; in  the  hottest  month  (July  or  August)  it  is  81°  F.  ; in  the 
coldest  month  (January),  55°  F. ; the  extreme  yearly  range  (from  highest 
to  lowest  temperature  in  the  shade)  is  56°  F.,  namely,  from  96°  F.  in  July 
to  40°  F.  in  January;  the  mean  yearly  range  is  about  48°  F.  The  greater 
part  of  the  I’ainfall,  which  is  about  twenty-four  inches,  falls  in  November, 
December,  and  January.  During  the  summer  the  island  is  almost 
rainless. 

That  the  fever  is  not  confined  to  jMalta  there  is  now  amjJe  proof.  It 
has  long  been  recognised  as  identical  with  the  “ rock  fever  ” of  Gibraltar, 
which  vicAv  Donaldson  (15)  also  confirms.  Veale  (15),  who  has  seen 
many  cases,  believes  that  the  fevers  of  Malta,  Gibraltar,  and  Cyprus 
are  all  one  and  the  same  disease.  In  Italy  it  has  been  described  as 
occurring  at  Naples,  Benevento,  and  Civita  Nova  del  Samo.  Tomasclli 
has  seen  a lai-ge  number  of  cases  in  Catania  in  Sicily.  In  Constantinojde, 
according  to  Patterson,  this  fever  is  common,  and  is  known  under 
the  vague  term  “ country  fever.”  Capetanakis  states  that  this  fever 
tends  to  become  frequent  in  the  town  of  Candia,  and  is  known  by  various 
names,  such  as  “ Italian  fever,”  “ Neapolitan  fevci',”  and  so  on.  Ap|)arently 
it  was  unknown  there  a few  years  ago  (Bruce).  As  the  result  of  three 
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years’  careful  study  of  this  disease,  Milnes  is  convinced  that  it 
is  prevalent  in  all  parts  of  the  shores  of  the  Mediterranean  and  Ked 
Sea  ; a case  of  fever  at  Sawaken  or  Massowah  will  not  present  features 
very  different  from  those  of  a case  at  Malta  or  Naples.  Oliver  has  seen 
and  treated  cases  of  fever  contracted  on  the  banks  of  the  Danube  which 
were  neither  pure  malaria  nor  enteric  fever.  The  cases  were  character- 
ised by  long  duration,  small  mortality,  and  frequent  relapses.  Birt 
has  shewn  conclusively  that  Malta  fever  is  endemic  in  certain  parts 
of  the  Orange  liiver  Colony,  and  IMajor  Lamb  has  isolated  the 
.1/.  melitensis  from  the  spleens  of  a number  of  persons  suspected  to  be 
suffering  from  Malta  fever  in  the  Punjab.  It  has  also  been  reported  from 
China,  Fiji  Islands,  North  America,  West  Indies,  and  South  Ameilca. 
From  this  it  is  clear  that  this  fever  is  not  limited  to  any  one  place,  but 
appears  to  diffuse  itself  over  a wide  area  within  the  subtropical  regions. 

In  its  secondary  stage,  in  persons  who  have  contracted  the  disease  in  its 
endemic  home,  it  may  be  seen  in  this  country ; a case  has,  however,  been 
reported  as  occurring  in  this  countr3q  contracted  either  at  Plymouth  or 
London,  but  no  definite  source  of  infection  coixld  be  traced.  It  has  never 
spread  in  this  climate. 

Like  other  diseases  belonging  to  the  tropical  and  subtropical  zone,  it 
is  most  frequently  found  near  the  shores  of  the  sea-coast  and  on  the  banks 
of  large  rivers ; inland  places  being  comparatively  free  from  its  attacks. 

The  smallest  number  of  cases  of  the  fever  occurs  in  the  cold  months. 

The  fever  curve  begins  to  rise  in  May,  and  reaches  its  highest  i)oint  in 
July,  August,  and  September.  Although  there  is  a great  increase  in  the 
prevalence  of  Malta  fever  during  the  hot  months,  many  cases  also  occur 
in  wintei'. 

Etiology. — Until  the  appearance  in  1887  of  Col.  Bruce’s  (2)  classical 
and  scientific  accounts  of  the  fever,  nothing  definite  was  known  as  to  its 
causation.  From  the  accessible  data  available  from  statistics  and  records 
of  the  Army  Medical  Department  (15)  during  the  last  century,  and  from 
the  prevalence  of  its  attacks  during  certain  periods  of  the  year,  it  was 
early  apparent  that  its  presence  in  Malta  and  Gibraltar  was  connected 
with  faecal  and  organic  matter  from  human  sources.  The  earlier  writers 
were  of  opinion  that  the  poison  might  be  difl’used  in  the  air,  and  that  it 
entered  the  human  system  by  way  of  the  respirator}?^  passages.  Tomaselli 
therefore  alleged  that  it  is  a fever  of  miasmatic  origin  ; otherwise,  he  says,  1 
he  was  unable  to  account  for  its  rapid  diffusion  on  a large  scale.  In 
Naples  this  fever  is  said  to  frequent  the  low-lying  parts  of  the  town,  and 
those  localities  especially  where  the  sewers  are  clischarged.  Sewers  and 
sewage  works,  where  these  have  been  undertaken,  as  in  Yaletta  and 
Naples,  appear  to  have  had  little  influence  in  diminishing  the  attacks. 
Indeed  these  channels  are  so  frequently  pervious,  and  alloAv  the  frecal 
matter  to  soak  into  the  pores  of  the  soil,  that  they  virtually  become 
elongated  cesspools. 

The  Micrococcus  mditensis  has  not  been  found  outside  the  bodies  of 
Avarm-blooded  animals,  except  under  artificial  conditions.  In  post-mortem 
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examinations  Capt.  Kennedy  found  it  in  the  spleen,  liver,  kidneys,  lymphatic 
glands,  salivary  glands,  blood,  and  bile,  but  not  in  the  intestines.  He 
thinks  the  examination  of  the  lymphatic  glands  the  most  important,  as  they 
are  often  the  only  organs  Avhich  contain  it.  The  members  of  the  Com- 
mittee (16)  already  referred  to  carefully  e.xamined  into  the  various  channels 
by  which  the  micro-organism  might  loe  supposed  no  leave  the  body,  and 
could  not  find  the  organism  in  the  expired  air,  the  saliva,  sweat,  or 
scrapings  of  the  skin  : the  faeces  were  examined  by  Major  Horroeks  with 
a negative  result.  The  urine  seems  to  be  one  of  the  main  channels  l)y 
which  the  micrococcus  leaves  the  body.  Major  Horroeks  has  isolated 
the  M.  meliiensis  thirty-nine  times,  and  from  the  urine  of  thirteen  different 
patients.  He  did  not  find  it  earlier  than  the  fifteenth  day  or  later  than  the 
eighty-second  day  of  the  disease.  Capt.  Kennedy  examined  sixty-one  cases 
and  isolated  it  from  the  urine  in  thirty -three.  The  earliest  day  he  recovered 
it  was  the  twenty-first  and  the  latest  the  two  hundredth  and  foi'ty-ninth. 
These  observations  sh^w  that  the  micrococcus  is  excreted  in  the  urine  of 
^lalta  fcA'er  cases  from  about  the  fifteenth  day  of  the  disease  until  after 
convalescence  is  estaldished.  The  number  of  micrococci  present,  except  in 
rare  occasions,  is  small.  Milk  is  an  important  channel  by  which  the 
micrococcus  leaves  the  bod}\  Major  Horroeks  has  clearly  shewn  that  the 
milk  of  goats  and  cows  contains  the  microbe,  and  there  is  every  reason 
to  suppose  that  human  milk  is  no  exception  to  this  rule.  The  presence 
of  micrococci  in  the  blood  has  also  been  proved.  It  has  been  found  by 
Dr.  Gilmour  in  82  per  cent,  and  Dr.  Zammit  in  54  per  cent  of  the 
cases  examined.  The  channels  by  which  the  micrococcus  gains  enti’ance 
to  the  body  have  been  very  carefully  investigated  by  the  Commission. 
The  Aveight  of  evidence  is  against  its  being  spread  by  actual  contact. 
It  is  very  doubtful  whether  it  can  be  com'eyed  by  d\ist ; ordinary  dust 
contains  few  micrococci,  and  up  to  the  present  there  is  no  proof  that 
dust,  as  it  occurs  under  natural  conditions,  ever  conveys  the  disease. 
Infected  water  plays  no  part  in  the  dissemination  of  the  disease. 
“ No  connexion  has  ever  been  demonstrated  bet\A>^een  any  particular 
branch  of  the  public  water-supply,  nor  any  particular  Avell  or  tank, 
and  an  outbreak  of  Mediterranean  fever,  though  such  connexion  has 
been  shewn  Avith  outbreaks  of  enteric  fever  in  Malta”  (Johnstone). 
The  use  of  ice  and  aerated  Avaters  (Avhich  latter  is  carried  on  under 
GoA'ernment  supervision)  has  also  been  incjuired  into,  but  no  connexion 
has  ever  been  traced  between  these  and  Malta  fever.  There  is  no  evidence, 
and  no  suspicion  ever  seems  to  have  been  excited,  that  aerated  Avaters  or 
ice  Avas  a cause.  Milk  is  probably  the  most  important  medium  in 
conA’eying  the  micrococcus  from  animals  to  man.  The  Commission  found 
that  about  50  per  cent  of  the  goats  in  Malta  responded  to  the  agglutina- 
tion test,  and  that  10  per  cent  excrete  the  M.  melifensis  in  their  milk. 
This  excretion  may  continue  for  three  months  Avithout  any  symptoms  of 
the  disease  in  the  goat  or  change  in  the  appearance  of  the  milk.  It  Avas 
also  sheAvn  that  monkeys  fed  on  infected  milk  contracted  the  disease,  and 
there  can  be  little  doubt  that  this  also  occurs  in  man. 
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\Vhetlier  the  disease  is  propagated  by  the  bites  of  biting  insects, 
such  as  mosquitoes,  fleas,  is  still  undecided.  Both  Major  Horrocks  and 
Capt.  Kennedy  believe  it  to  be  extremely  probable  that  human  beings 
are  infected  by  the  bites  of  infected  mosquitoes,  and  Dr.  Zammit  states 
that  he  infected  a monkey  by  allowing  mosquitoes  {Stcgomyia  fasciata), 
that  had  previously  fed  on  a Malta  fever  patient,  to  bite  it. 

As  ]-egards  its  remoter  causes  IMalta  fever  differs  somewhat  from 
enteric  fever.  In  the  latter  disease  all  observers  agree  that  the  predis- 
position is  greater  in  childhood  and  early  adult  life ; especially  between 
the  ages  of  twenty  and  twenty-five.  On  the  other  hand,  although  Malta 
fever  is  found  in  the  young  and  in  adults,  men  up  to  thirty-five  3^ears  of 
age  seem  to  suffer  in  the  same  projjortion  as  those  whose  ages  are 
between  twenty  and  twenty-five.  Tomaselli  is  of  opinion  that  the 
greatest  number  of  cases  occurs  between  six  jmars  and  thirty  years  of 
age ; a smaller  number  between  the  ages  of  two  and  six,  and  of  thirty  to 
fifty ; and  very  few  above  fifty.  Sex  appears  to  have  little  influence, 
but  the  disease  is  perhaps  more  common  among  men  than  women. 

It  would  seem  likely  that  intemperance,  by  diminishing  the  powers 
of  resistance  in  the  individual,  would  increase  the  liability  to  contract 
Malta  fever,  but  there  is  no  proof  that  it  does  so.  Few  patients  admitted 
to  the  military  hospitals  can  be  classed  as  intemperate,  and  none  are 
broken  down  Ity  this  cause.  There  is  no  evidence  that  grief,  fear,  or 
other  emotion  enters  into  the  causation,  and  the  same  may  be  said  of 
bodily  fatigue  and  overcrowding. 

Foi’inerlj'-  this  fever  Avas  thought  not  to  be  contagious,  but  recent 
experiments  on  monkeys  indicate  that  Malta  fever  may  be  conveyed 
from  the  sick  to  the  healthy  by  intimate  contact.  Col.  Davies 

writes : “ Having  revicAved  the  influence  of  Avater,  food,  and  air  Avith,  on 
the  Avhole,  a negative  result,  the  condition  that  appears  to  be  most 
probably  cfiective  in  tlie  causation  of  hospital  cases  is  the  presence  in  the 
Avards  of  a large  quantity  of  disease-producing  material  in  the  bodies  of  the 
patients  themselves.”  Transmission  by  direct  contagion  is  not  theoretically 
probable ; by  indirect  contagion  through  clothing  soiled  AA’ith  excrelal 
discharges  it  is  not  improbable  in  the  nature  of  the  case,  although  there 
is  no  proof  of  this  mode  of  spread.  In  I'egard  to  the  transmission  by 
fomites.  Major  Horrock’s  experiments  sheAv  that  the  M.  rnelitensis  could 
be  recovered  from  khaki  cotton,  khaki  serge,  and  blankets  up  to  the 
eightieth  day,  and  Dr.  ShaAV  rccoA'ered  it  from  blue  serge  on  the 
seventy-eighth  da3^  These  experiments  indicate  that  this  form  of  dis- 
semination is  of  practical  importance,  and  that  the  necessity  for  the 
thorough  disinfection  of  the  clothing  is  obvious. 

That  Malta  fever  occurs  in  an  epidemic  form  there  can  be  no 
question.  Marston  (15)  states  that  it  alternates  Avith  enteric  fever; 
and  that  Avhen  the  latter  disease  is  prevalent  Malta  fever  is  in  abeyance. 
Col.  Bruce  has  noticed  the  same  alternation,  and  Tomaselli  regards  the 
fevers  Avhich  occurred  in  Catania  in  1872  and  1878  as  different 
epidemics. 
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We  find  other  characters  wliich  mark  this  fever  as  distinct  from 
enteric.  In  enteric  fever  it  is  well  recognised  that  the  largest  nnmbei- 
of  cases  do  not  occur  at  the  period  of  greatest  heat,  but  usually  fi’om 
si.x;  weeks  to  two  months  afterwards ; and  the  minimum  is  not  reached 
until  about  the  same  length  of  time  after  that  of  the  most  intense  cold. 
On  the  other  hand,  the  season  of  the  greatest  ^jrevalence  of  Malta  fever 
is  July  and  August,  and  the  smallest  number  of  attacks  is  in  December — 
the  two  former  being  the  hottest  months,  and  the  latter  having  a mean 
temperature  considerably  above  the  minimum. 

Bacteriology. — Malta  fever  is  due  to  the  introduction  into  the  system 
of  the  Micrococcus  mditensis,  first  described  by  Col.  Bruce  (2)  in  1887. 

I The  following  is  mairdy  taken  from  his  descrij)tion : The  coccus  or 
cocco-bacillus  is  about  0'33  /x  in  diameter,  and  usually  occurs  singlj^  or  in 
pairs,  but  where  grown  in  broth  it  appears  in  short  chains.  In  broth 
cultivations  after  about  ten  da)’s’  incubation  it  is  not  uncommon  to  find 
chains  of  ten  to  fourteen  members ; these  are  very  readily  broken  up,  so 
that  attempts  to  make  permanent  specimens  are  not  invariably  successful. 
A bacillary  form  also  occurs  in  cultures  which  have  been  grown  at 
ordinary  temperatures  (18°  C.  to  20°  C.).  Agar  cultures  which  have 
been  started  for  a few  weeks  (e.g.  four)  at  room-temperature  often  consist 
almost  entirely  of  bacilli ; the  same  is  true  of  cultures  grown  on  gelatin. 
The  lengtli  of  these  bacilli  is  about  two  to  four  times  the  breadth. 
Some  of  them  are  somewhat  curved  (Durham).  It  is  non-motile.  It 
stains  easily  with  all  the  basic  aniline  dyes,  but  loses  its  colour  very 
rapidly  when  treated  with  alcohol  or  other  decolourising  agent,  and 

I is  not  stained  by  Gram’s  method.  The  absence  of  a fixative  agent 
makes  the  bacteriological  examination  of  tissue  sections  at  present  an 
impo.ssibility.  It  readily  emulsifies,  that  is  to  say  the  individual  cocci  are 
very  loosely  bound  together  and  separate  on  beine:  stirred  up  in  a drop  of 
water,  unlike,  for  example,  the  plague  bacillus  in  this.  This  property 
I makes  it  veiy  satisfactoiy  in  agglutination  experimetits.  Its  usual  form 
I , is  that  of  a coccus  ; Dr.  Gordon  has  described  flagella. 

The  micro-organism  grows  best  in  nutrient  material,  the  alkalinity 
' of  which  is  slightly  less  than  human  blood,  and  at  a temperature  of  from 
1 37°  C.  to  38°  C.  It  fulfils  Koch’s  postulates  at  all  points. 

On  a sloping  surface  of  per  cent  of  peptone  agar,  at  a tem- 
■i  perature  of  37°  C.,  its  colonies  become  vi.sible  to  the  naked  eye  in 
i;  from  120  to  125  hours  after  inoculation  from  the  human  s])lecn. 
• They  first  appear  as  minute,  transparent,  coloiirless  drops  on  the 
i r surface  of  the  agar.  In  about  thirty-six  hours  they  assume  a trans- 
• parent  amber  colour,  and,  increasing  very  slowly  in  size,  become  opaque 
in  from  four  to  five  days  from  their  first  appearance.  No  lique- 
! faction  takes  place.  The  colonies  retain  their  vitality  for  over  three 
( months,  although  they  do  not  increase  after  two  months.  They  cease  to 
■grow  at  18-5°  C.,  and  die  if  kept  long  at  a moist  temperature  below 
15’5°  C.  ; they  live,  hoAvever,  for  a long  time  in  the  dry  state.  They 
will  not  grow  as  primary  growths  on  agar  having  an  alkalinity  in  excess 
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of  the  blood.  They  can  also  be  cultivated  on  gelatin  and  in  bouillon : 
in  the  former  very  slowly  at  a temperature  of  22°  C.  without  liquefying ; 
in  the  latter  they  give  rise  to  a general  and  increasing  opaqueness, 
commencing  on  the  fifth  or  sixth  dajq  and  afterwards  forming  a white 
precipitate  consisting  of  these  cocci,  without  foi’ming  a surface  pellicle. 
They  can  be  observed  in  fresh  splenic  substance,  in  the  liver,  kidneys, 
and,  during  life,  in  the  blood  of  men  suffering  from  this  fever. 

Morbid  Anatomy. — Of  the  morbid  anatomy  of  Malta  fever  there  is 
not  very  much  to  be  said.  The  j^i’iocipal  appearances  found  on  po.st- 
mortem  examination  are  those  due  to  fever,  accompanied  by  a high  tem- 
perature, and  the  presence  of  some  irritating  poison  in  the  blood.  The 
serous,  muscular,  mucous  and  submucous  layers  of  Fever’s  patches,  if 
examined  under  a low  power,  are  found  normal ; and  the  epithelial 
layer  is  continuous  over  the  whole  surface  of  the  gland.  Under  a higher 
power  any  morbid  changes  are  found  restricted  to  the  mucous  aiid  sub- 
mucous layers,  and  consist  in  a slight  proliferation  of  the  cellular 
elements.  The  small  intestine  is  usually  pallid  and  anaemic,  except  in 
the  duodenum  and  upper  part  of  the  jejunum,  Avdiere  the  mucous  mem- 
brane may  be  more  or  less  congested  ; in  the  more  severe  and  chronic 
cases  this  may  be  accompanied  by  atrophy  of  the  lower  portion  of  the 
ileum.  The  large  intestine  is  frequently  extremely  congested,  especially 
the  caecum.  The  mesenteric  glands  are  but  slightly  enlarged.  The 
spleen  is  usually  very  much  enlarged,  dark  on  section,  and  the  pulp 
soft  and  friable : it  may  weigh  as  much  as  sixty  ounces ; the  average 
weight  is  eighteen  ounces  (Bruce).  An  appearance  of  intense  conges- 
tion is  seen  on  section,  the  sinuses  being  enormously  distended  with 
blood. 

The  liver  is  congested,  and  pi’esents  a pigmented  appearance  on 
section  ; and  there  is  small  round-celled  infiltration  between  the  lobules. 

The  kidneys  are  usually  congested,  with  slight  signs  of  liEemorrhage 
into  their  substance.  The  capsules  are  easily  separated. 

Period  of  Incubation. — The  conditions  in  which  Malta  fever  occurs 
often  render  it  very  difficult  to  arrive  at  a definite  conclusion  as  to  its 
period  of  incubation.  Undoubtedl}’'  we  have  some  few  obsei’vations 
shewing  with  tolerable  accuracy  the  time  that  has  intervened  between 
the  exposure  to  the  cause  and  the  invasion  of  the  illness.  Chartres  states 
that  six  days  after  the  100th  Regiment  occupied  Verdala  Barrack  at 
Malta  cases  of  this  fever  began  to  be  admitted  to  hospital.  Marston 
says  that  ten  days  is  the  probable  incubation-period,  and  gives  two  cases 
to  justify  his  conclusion.  These  are  instances  no  doubt  in  which  the 
fever  has  been  somewhat  sudden  in  its  onset ; but  there  are  many  cases 
in  which  the  attack  comes  on  so  sloAvly  and  insidiously  that  it  is  impossible 
to  fix  any  limit.  Dr.  Johnstone  concluded  that  the  incubation  of  ]\Ialta 
fever  is  about  fourteen  days.  Col.  Davies  writes  : “ As  we  are  at  present 
ignorant  of  the  path  of  infection  in  man,  we  must  assume  that  incubation 
may  be  as  short  as  about  a week,  and  may  be  as  long  as  about  five  weeks, 
according  as  the  infection  is  by  inoculation  or  by  feeding.  But  consider- 
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ing  the  very  much  smaller  doses  of  pathogenic  material  likely  to  be 
actually  absorbed  than  those  used  experimentally  in  the  laboratory,  it 
seems  probable  that  not  less  than  a fortnight  should  be  regarded  as  a 
minimum  period,  and  that  the  maximum  period  should  be  extended  to  six 
weeks  at  least.”  According  to  our  present  knowledge  of  this  disease,  we 
shall  not  be  far  out  if  we  put  the  incubation-period  between  six  and 
twenty  da3’s,  and  our  most  exact  data  give  fifteen  dat'S  as  probably  the 
commonest  period  (Bruce). 

On  account  of  the  long  duration  and  the  constant  relapses  which  take 
place  during  the  progress  ami  course  of  this  disease,  it  is  impossible  to 
state  whether  one  attack  confers  an  immunity  from  a second.  Col. 
Bruce  is  of  opinion  that  such  is  the  case. 

General  Symptoms. — The  invasion  of  the  disease  may  be  sudden  or 
gi-adual.  The  s^uuptoms  in  the  early  stage  are  rather  obscure.  The 
attack  is  preceded  generally  by  dyspepsia,  languor,  headache,  chilliness, 
and  great  weakness ; it  is  often  accompanied  with  muscidar  pains,  d'he 
preliminary  stage  is  usuall)’  marked  by  loss  of  appetite,  often  bj'  headache 
and  backache,  but  seldom  by  rigor  or  vomiting.  S^miptoms  of  gastric 
derangement  manifest  themselves  at  an  early  period,  and  persist  more  or 
less  to  the  end.  After  a few  da\'s  the  patient  sufiers  from  nausea,  some- 
times even  vomiting ; his  bowels  are  generally"  constipated,  though  there 
niaj’  1)6  diarrhoea.  He  feels  chilly  and  feverish,  and  recognises  that  his 
illness  is  increasing  day  by  da^'. 

In  the  more  severe  forms  intense  frontal  headache  is  present,  with 
enlargement  and  tenderness  of  the  spleen.  The  patient’s  lassitude  and 
debility  become  so  great  that  he  ceases  to  take  an  interest  in  anything ; 
he  loses  his  appetite  altogether,  and  throughout  the  whole  day  and  night 
he  remains  hot,  thirsty,  ill,  and  desponding.  There  is  sometimes  an 
extraordinarv  feeling  of  restlessness,  which  is  fr'^'iuently  associated  with 
insomnia.  These  symptoms  may  decline  after  a variable  period,  rarely 
less  than  a week,  more  frequently  extending  to  two  or  three,  when  the 
'1  patient  fancies  himself  convalescent.  But  in  a day  or  tAvo  relapses 
occur ; nausea  or  vomiting  returns,  with  loss  of  appetite  and  constipation, 

! which  may  be  followed  by  diarrhoea  of  a dysenteric  character ; the  stools 
a are  devoid  of  any  offensive  odour ; they  may  contain  mucus  and  l)lood, 
*1  l)Ut  they  are  usually  dark-coloured,  and  are  never  like  those  seen  in 
fj  enteric  fever.  Muscular  pains  increase ; the  patient  now  becomes  very 
i anaunic,  and  his  spleen  is  enlarged  and  painful  on  pressure. 

In  the  more  severe  cases  many  or  all  of  the  preceding  symptoms  aie 
.'  aggravated;  the  headache  becomes  so  intense  as  to  be  scarcely  endural)le, 
• and  the  drowsiness  may  merge  into  stupor  Avith  Ioav  muttering  delirium  ; 
I the  prostration  is  extreme ; the  lungs  become  congested,  and  readily  take 
on  a loAv  form  of  inflammation ; there  may  be  epistaxis  or  sometimes 
I considei'able  hiemoptysis.  The  pain  in  the  limbs  may  develop  into  verv 
1 decided  rheumatism,  Avith  effusion  into  the  joints.  Endocarditis  oi-  other 
1 complications  may  supervene,  and  death  ensue  at  almost  any  period. 

iJir/estive  System. — The  symptoms  of  gastric  and  intestinal  catarrh 


43° 


SYS  TEA/  OF  MEDICINE 


manifest  themselves  at  an  early  stage,  and  persist  more  or  less  to  the 
end.  The  tongue  is  coated,  white  with  red  edges,  and  the  papillae  are 
prominent  at  the  base ; it  is  large,  flat,  and  flabby,  and  sometimes  marked 
with  the  impress  of  the  teeth.  As  the  disease  advances  the  tongue 
becomes  more  or  less  coated  in  the  middle,  and  red  at  the  tip  and  edges. 
Veale  has  found  this  condition  so  constant  that,  so  long  as  it  remains,  he 
never  cotisiders  a man  free  from  the  liability  to  relapses. 

The  tonsils  are  often  enlarged  and  swollen ; the  j^harynx  congested, 
and  occasionally  ulcerated.  The  gums  may  be  spongy,  and  may  bleed 
freely ; sometimes  they  ai-e  raw,  sore,  and  slightly  ulcerated.  The  palate 
is  at  times  coated  with  an  aphthous  deposit,  but  there  does  not  appear  to 
be  any  inclination  for  this  to  spread.  There  is  generally  some  uneasiness 
at  the  stomach,  with  nausea  after  food  ; but  vomiting  in  the  early  stage 
of  the  fever  is  uncommon,  and  betokens  either  a severe  attack  or  the 
early  stage  of  a relapse.  The  appetite  varies ; when  there  is  no  nausea 
it  is  usually  good. 

The  bowels  are,  as  a rule,  constipated,  particularly  in  the  milder 
cases,  but  there  are  many  exceptions  to  this ; they  are  seldom  regular, 
often  confined,  and  as  often  as  not  the  patient  suffers  from  diarrhoea,  the 
evacuations  being  as  described  above.  The  abdomen  may  be  tymjianitic, 
but  this  is  unusual.  The  spleen  is  always  enlarged,  and  pressure  over  it 
causes  pain,  even  in  those  cases  Avhich  are  otherwise  convalescent.  The 
liver  is  sometimes  enlarged,  and  may  be  tender  on  pressure,  but  in  my 
own  experience  the  enlargement  of  this  organ  is  not  constant  or  easily 
demonstrated.  When  pain  is  complained  of  it  is  invariably  in  the  left 
hypochondi'ium  and  not  in  the  right. 

Respirator;!  System. — There  is  a very  general  liability  to  bronchial  and 
catarrhal  affections.  About  the  end  of  the  second  or  the  commencement 
of  the  third  Aveek  evidences  of  congestion  of  the  lungs  appear,  the  apices 
being  the  parts  chiefly  involved.  The  seA'-erity  of  the  cough  and  ex- 
pectoration are  generally  out  of  all  proportion  to  the  physical  signs.  On 
auscultation  sibilant,  mucous,  and  rhonchial  r;Xles  are  heard ; on  per- 
cussion there  is  someAvhat  diminished  resonance.  This,  in  severe  cases, 
may  be  folloAved  by  congestion  of  the  loAver  and  posterior  parts  of  the 
lungs,  rapidly  passing  into  pneumonia,  accompanied  by  pleurisy  and 
effusion ; in  almost  every  case  it  occurs  on  the  left  side.  The  dyspmea 
and  the  amount  of  blood  in  the  sputa  are  out  of  all  proportion  to  the 
conditions  found  on  physical  examination.  In  the  more  severe  forms  of 
the  disease  this  inflammation  assumes  a chronic  character,  and  chronic 
pulmonary  tuberculosis  may  folloAv. 

Circulatory  System. — Pal])itation  is  by  far  the  most  common  symptom. 
With  the  least  excitement  the  heart  beats  Avith  unusual  rapidity,  and 
hsemic  murmurs  become  audible.  The  pulse  ranges  from  eighty  to 
ninety  beats  per  minute,  aud  seldom  exceeds  this  during  the  first  period 
of  the  disease  : during  the  later  stages  the  pulse  gains  "in  frequency  and 
loses  force.  Purpura  frequently  complicates  this  disease,  and  ^ epis- 
taxis,  haemoptysis,  and  bleeding  from  the  gums  are  common.  The  red 
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blood -corpuscles  as  a rule  fall  from  5,000,000  per  c.mm.  to  about 
3,500,000.  The  white  blood -corpuscles  in  most  cases  are  normal  iii 
number  (Bruce). 

Temperature. — The  temperature  curve  in  Malta  fever  is  extremely 
irregular ; so  much  so,  that  it  is  impossible  to  present  any  one  case  or 
single  chart  as  characteristic  of  the  disease.  In  the  earl}'’  stages  the 
range  of  temperature  usually  presents  a continued  form  of  fever,  Avith 
slight  exacerbations  of  temperature  in  the  evening  not  exceeding  one  or 
two  degrees,  the  temperature  ranging  between  102°  and  104°  F.  In 
mild,  uncomplicated  cases  this  condition  lasts  for  a week  or  ten  days, 
when  the  normal  temperature  is  reached,  and  convalescence  is  established. 
In  less  favoui’able  cases,  Avhen  relapses  occur  after  an  interval  of  ten  or 
;!  twelve  days,  a second  rise  of  temperature  takes  place,  lasting  about  ten 
! to  twelve  days ; after  Avhich  the  normal  is  reached  again.  This  may 
I be  followed  by  another  relapse  with  a somewhat  longer  interval,  and 
' with  a shorter  period  of  fever ; after  this  the  temperature  again  becomes 
1 normal,  and  with  comparatively  few  exceptions  this  disturbance  ends. 
! Frequently  in  the  secondary  stages  of  the  fever  the  temperature,  during 
pyrexial  periods,  presents  the  remittent  form.  In  the  early  morning  and 
forenoon  the  temperature  in  the  axilla  and  under  the  tongue  is  most 
fretpiently  betAveen  97°  and  101°  F. ; but  in  the  afternoon  it  rises  more 
'or  less,  generally  from  tAA'o  to  four  degrees,  and  continues  high  until  mid- 
might,  or  perhaps  a little  later,  Avhen  defervescence  sets  in  Avith  perspira- 
tion (Veale).  In  fatal  cases  the  temperature  usually  runs  up  rapidly, 
shortly  before  death  reaching  1 1 0°  F. 

Xerrous  System. — The  face  and  expression  are  truly  characteristic 
of  this  fever  ; the  pallor,  anaemia,  Aveariness,  and  despondent  manner 
Jietoken  the  virulent  nature  of  the  poison  and  its  effect  on  the  nervous 
system.  Delirium,  as  a rule,  is  confined  to  the  more  severe  cases. 
Insomnia  is  frequently  mingled  Avith  an  excessive  irritability  Avhich  is 
bften  associated  Avith  loss  of  memory. 

, In  the  secondary  stage  these  .symptoms  become  more  conspicuous. 
The  patient  is  Aveak,  tremulous,  almost  timid,  and  ready  to  shed  tears  on 
ihe  least  proAmcation.  More  rarely  one  may  observe  aphonia,  or  a 
;emporary  loss  of  sen.sation  or  of  motion  in  the  extremities.  These 
leviations  from  the  normal  state  exist  in  various  degrees : sometimes 
)ue,  sometimes  another  assumes  a special  pre-eminence.  The  shock  to 
ij  he  neiwous  system,  after  the  graver  attacks,  remains  for  some  time. 
The  memory  is  considerably  impaired,  especially  with  regard  to  names 
■ ; .nd  dates,  or  rather  the  chronological  order  of  events ; the  poAver  of 
oncentrating  ideas,  or  folloAving  out  a train  of  thought,  is  temporarily 
^lestroyed,  and  but  A^ery  sloAvly  returns.  We  must  not  mistake  the 
•aental  aberrations,  the  aphonia,  ansesthesia,  hypersesthesia,  and  so  forth, 
«or  symptoms  indicative  of  permanent  lesions  of  the  brain  or  spinal  cord 
Veale).  Neuritis,  especially  in  the  form  of  sciatica,  is  apt  to  occur. 

9 Genito-urinary  System. — One  of  the  most  painful  complications  of  this 
•ever  is  inflammation  or  neuralgia  of  the  testicle ; it  occurs  in  about  1 5 
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per  cent  of  the  cases.  The  epididymis  is  the  pai’t  most  usually  affected, 
but  not  infrequently  the  body  of  the  testicle  is  involved  also.  The 

inflammation  usually  subsides  without  any  active  treatment.  The 

average  daily  quantity  of  urine  passed  is  between  fifteen  and  twenty-five 
ounces  ; it  is  neutral,  or  very  slightly  acid  when  passed : there  is  u.sually 
a deposit  of  lithates  and  phosphates,  but,  apart  from  ])re-existing  kidney 
disease,  albumin  is  extremely  rare.  In  very  severe  attacks  bile  may  be 
present  in  the  urine.  Micrococci  are  present  in  the  urine. 

Integuraenkvni  System.  — Pallor  and  anmmia  are  perhaps  the  most 
characteristic  features  in  the  early  stage.  A condition  approaching 
jaundice  may  also  be  present,  but  this  is  unusual.  Perspiration  is 
profuse,  and  sudamina,  in  greater  or  less  numbei-,  are  almost  an  invari- 
al:)le  accompaniment.  Cutaneous  eruptions,  such  as  eiythema,  eczema, 
and  erythema  nodosum,  are  not  uncommon  in  the  secondary  stiige. 
Many  patients  complain  of  a tingling  or  pricking  sensation  in  the  face, 
forehead,  or  hands,  without  any  condition  to  account  for  it,  except  per- 
haps the  nervous  state  already  referred  to.  The  hair  falls  out  in  nearly 
every  case,  usually  during  the  secondary  stage  when  the  rheumatoid  , 
pains  and  swellings  are  most  severe. 

Jrticulations. — The  rheumatic  pains  rarely  if  ever  occur  during  the 
early  stages  of  the  disease.  There  is  no  constancy  in  the  order  in  which 
the  joints  are  affected.  Sometimes  the  small  joints  of  the  hand  or  foot  i 
suffer  first.  In  my  own  experience  the  extremities  were  most  frequently 
involved,  and  the  ankle-joint  by  preference.  The  joints  became  ex- 
quisitely tender,  not  in  consequence  of  the  amount  of  effusion  present, 
which  is  often  incomsiderable,  but  from  the  hyperaesthesia  of  the  integu- 
ment. The  most  painful  of  all  the  joints  are  the  sacro-iliac,  in  which  the 
least  movement  causes  the  most  intense  pain.  In  such  cases  every  change  r 
of  position  is  dreaded,  and  the  patient  lies  for  days  in  the  same  position, 
risking  the  formation  of  bed-sores,  and  resisting  the  desire  to  evacuate 
the  bowels,  in  order  to  avoid  the  suffering  that  the  movement  entails.  • 
The  tendo  Achillis  and  the  fibrous  structures  round  the  ankle-joint  are 
frequently  implicated  and  exceedingly  painful ; oftentimes  the  lumbar 
aponeurosis  and  the  sheaths  of  the  nerves  issuing  from  the  sacral  plexus 
are  affected,  and  the  pain  runs  down  the  back  of  the  thigh  or  radiates  to 
its  anterior  surface.  Occasionally,  as  in  gout,  the  bursa  over  the  patella  . 
fills  with  fluid  and  become  painful ; but,  more  frequently,  painful,  node- 
like swellings  form  on  the  ribs  or  on  their  cartilages,  or  even  on  the  ! 
sternum  itself ; these  have  been  observed  in  patients  Avho  had  not  pre- 
sented a sign  of  syphilis,  either  congenital  or  acquired. 

As  the  blood-serum  of  patients  with  IMalta  fever  agglutinates  the 
M.  melifcnsis  in  a specific  manner,  this  test  should  be  employed  for  the 
recognition  of  the  disease  and  its  differentiation  from  other  fevers. 

Mortality. — The  immediate  mortality  from  this  disease  is  small. 
Col.  Bruce  (2)  states  that  it  is  not  above  tAvo  per  cent,  and  my  oavu 
experience  confirms  this.  Danger,  however,  is  to  be  apprehended 
fi’om  continuously  high  temperature,  and  from  such  complications  as 
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pneumonia  and  endocarditis.  Excessive  anaemia  may  lead  to  fatal 
syncope. 

Treatment. — The  only  principle  on  -which  -we  can  treat  this  fever  is 
the  rational  one  of  supporting  strength  and  combating  symptoms  as  they 
arise.  It  has  hitherto  been  found  impossible  by  any  remedial  means 
to  arrest  the  disease.  In  the  early  stage,  if  the  patient  sufl’er  from 
constipation,  some  mild  laxative  may  be  given.  Except  at  the  very 
beginning  of  the  fever,  a hot  bath  is  scai’cely  to  be  recommended,  as  the 
depression  produced  by  the  disease  is  already  sufficiently  well  marked. 

To  relieve  the  nausea  and  vomiting  a draught  of  morphine  and 
' hydroc}'anic  acid  repeated  occasionally,  or  again  a few  minims  of 
, chlorodyne,  generally  prove  usefid. 

For  the  diarrhoea,  when  the  ordinary  vegetable  astringents  have 
' failed,  and  especially  where  the  hfemorrhagic  tendency  has  been  a source 
I of  danger,  the  continued  use  of  the  tiuctura  ferri  perchloridi  seemed 
to  be  most  beneficial.  Ergot  and  ergotin  have  also  been  of  service  in 
arresting  haemorrhage  when  j)rofuse.  Opiate  enemas  are  especially  useful 
in  checking  the  milder  forms  of  diarrhoea,  and  are  as  a rule  extremely 
grateful  to  the  patient. 

(,)uiniue  has  been  given  in  doses  varying  from  three  to  eighty  grains 
daily,  but  without  any  beneficial  effect.  It  neither  arrests  the  progi'ess 
of  the  fever  nor  limits  the  night-sweats  or  the  rheumatic  pains. 

The  hypodermic  injection  of  morphine,  and  the  liniments  of  aconite, 
opium,  and  belladonna  are  useful  in  relieving  the  lumbar,  sciatic,  and 
articular  pains  ; salicylic  acid  and  the  salicylates  are  ([uite  useless ; and 
the  same  may  be  said  of  blisters,  which  appear  only  to  substitute  temjjor- 
arily  one  pain  for  another.  Orchitis  is  best  relieved  by  hot  fomentations, 
to  which  belladonna  or  opium  may  be  added,  and  by  the  support  of  the 
inflamed  testicle. 

iln  cases  in  which  the  temperature  curve  iises  suddenly  the  applica- 
tion of  cold  is  probably  the  best  antipyretic.  Cold  sponging  and 
the  wet  pack  are  useful  in  moderate  cases ; but  when  hyperpyrexia 
\ threatens,  immersion  of  the  body  in  a cold  bath  is  necessary  to  save  life 
p The  bath  should  be  at  a temperature  of  G8°  F.,  and  its  duration 

kJ  should  be  about  ten  minutes ; if,  however,  the  patient  shew  signs  of 

^ great  weakness  he  should  be  wrapped  up  in  a dry  sheet  or  a light  blard<et 

M and  put  to  l)ed : the  temperature  should  1)0  frequently  taken,  and  the 

it  baths  repeated  as  often  as  the  temperature  rises  to  103''  F.  or  above  it. 

H Should  the  pulse  shew  signs  of  failing,  or  if  there  be  shivering  or  any 

■I  other  evidence  of  Aveakness,  bi-andy  or  some  diffusible  stimulant  should 

I be  given,  and  bottles  containing  hot  water  applied  to  the  feet.  The 

' ' cold  bath  should  not  be  used  except  in  cases  of  hyperpyi-exia  of  such 

i intensity  that  death  seems  imminent  and  oidy  to  be  averted  by  eneigetic 

' treatment. 

Antipyrin  is  useful  when  given  in  full  doses  at  intervals  of  an  hour, 
or  two  or  three  hours.  It  causes  a fall  of  temperatui-e  in  a short  tiine, 

( which  however  rises  again  as  rapidly.  Headache  and  muscular  pains  are 
VOL.  II. — PT.  II  2 V 
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largely  benefited  l)y  this  drug,  and  in  the  early  stages  it  removes  sleep- 
lessness. 

Careful  nursing  is  perhaps  the  most  important  agent  at  our 
disposal.  Food  sliould  be  frequently  administered,  and  the  patient 
enjoined  to  make  an  effort  to  retain  it.  In  many  cases  food  of  a semi- 
solid nature  will  be  tolerated  Avhen  liquid  food  is  rejected.  The  diet 
should  be  very  light,  food  of  the  simplest  and  Idandest  desci'iption,  such 
as  milk,  beef-tea,  and  chicken-jelly  flavoured  with  a little  lemon,  being 
appropriate. 

Stimulants  in  the  early  stages  of  this  disease  are  not  to  be  recom- 
mended. When  required  they  are  best  taken  in  the  form  of  iced 
]\Ioselle  and  soda  water  given  as  an  ordinary  drink,  which  not  onW  slakes 
the  burning  thirst  of  the  fever,  but  also  allays  to  a considerable  degree 
the  irritability  of  the  stomach.  When  the  object  is  simply  to  slake 
thirst,  lemonade  made  from  the  fresh  juice  of  the  fruit  ought  to  be  given, 
as  this  prevents  scorbutic  symptoms. 

After  the  acute  stage  of  the  fever  has  passed  the  diet  may  be  varied 
as  much  as  possible,  rice  and  custard  puddings,  fish  and  white  meat 
being  taken ; but  the  return  to  solid  food  must  be  gradual.  Until  the 
temperature  has  remained  normal  for  at  least  a fortnight  the  patient 
should  not  return  to  his  ordinary  diet. 

The  isolation  of  persons  attacked  by  this  disease  should  be  insisted 
on,  particular!}'  iu  its  early  stages ; also  the  complete  disinfection  of  all 
clothing,  bedding,  and  excreta.  Persons  suffering  from  Malta  fever 
should  not  be  treated  in  the  same  wards  of  a hospital  wdth  othei's  who 
have  not  contracted  the  disease.  In  the  light  of  our  present  knowledge 
it  is  very  desirable  to  treat  this  disease  as  an  infective  fever  and  to  adopt 
the  same  precautions  as  in  other  infectious  diseases. 

Convalescence  can  rarel}'  be  completed  without  a change  of  climate ; 
most  patients  rapidly  regain  health  when  transferred  to  this  country. 
It  is,  however,  essential  that  this  transportation  should  not  take  place 
during  the  first  stages  of  the  disease,  but  when  convalescence  is  partially 
established. 

J.  Lane  Nottek. 
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History,  Morbid  Anatomy,  and  Clinical  Features  by  Col.  Kenneth  Macleod,  I. M.S., 
iM.D.,  LL.D. 

Etiology  ami  Ejhdemiology  by  the  late  Ernest  Hart,  D.C.L.,  and  the  late  Solomon  C. 

Smith,  M.D.  Revised  by  J.  W.  M’.  S'tei'hen.s,  JLD. 

Bacteriology  by  J.  \\.  W.  Stephens,  M.D. 

Synonym.  — Cholera  Asiatica 

Nomenclature. — The  Hi})pocratic  term  cholera  was  origijially  employed 
to  indicate  bilious  diarrhoea.  It  has  come,  in  course  of  time,  to  be 
applied  to  any  violent  intestinal  flux ; such  adjectives  as  .simplex,  biliosa, 
nostras,  infantilis,  serosa,  spastica,  perniciosa,  epidemica,  being  used  to 
distinguish  varieties.  The  qualifying  adjective  commonly  added  to  the 
word  cholera,  in  order  to  denote  the  disease  which  is  the  subject  of  this 
article,  is  founded  on  the  circumstance  that  in  some  pails  of  Asia — or, 
more  strictly,  of  India — it  is  perennially  present ; and  that,  when  it 
makes  its  appearance  in  other  countries  and  continents,  it  can  always  be 
traced  back  to  its  Asiatic  birthplace  and  home.  It  is  by  this  geogra}>hical 
title  that  serous,  spasmodic,  pernicious,  epidemic  cholera  is  known  in  all 
the  languages  of  Europe.  In  India  it  is  usually  denominated  by  the 
vernacular  term  haiza  (Hindustani);  other  Eastern  names  arc  Enerum 
Vandee  (Tamil),  Oohd  Julab  (Deccan),  Vantee  (Tclegoo),  Dttha  (Arabic), 
Uo-lonan  (Chinese),  Visuchika  (Sanscrit). 

Definition. — Cholera  Asiatica  may  be  defined  as  “a  specific  and 
communicable  disease,  in  all  probability  due  to  a specific  organism,  jire- 
vailing  endemically  in  some  parts  of  India,  and  from  time  to  time 
diffused  epidemically  throughout  the  world  ; it  is  characterised  by  violent 
vomiting,  purging,  cramps,  collapse,  and  suppression  of  urine,  followed  by 
febrile  reaction  ; case-mortality  about  50  per  cent.” 
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Histopy  and  Geography. — The  authentic  history  of  Asiatic  cholera 
dates  from  the  year  1817,  when  it  broke  out  violently  in  Lower  Bengal, 
and  became  the  subject  of  clo.se  and  exact  observation.  There  is  every 
reason  to  believe  that  previous  to  that  date  the  disease  prevailed  in 
India,  and  spread  at  intervals  throughout  Asia  as  it  does  now ; but  it  is 
very  doubtful  whether  it  ovei-stepped  Asiatic  limits.  Certain  passages 
in  Sanscrit,  Chinese,  Arabic,  and  Greek  medical  literature  have  been 
supposed  to  refer  to  it ; l)ut  the  descriptions  of  all  writers  before  the  nine- 
teenth century  are  vague,  and  vary  as  the  colliquative,  spasmodic,  febrile, 
or  prostrating  features  of  the  malady  chiefly  arrested  attention.  Cullen, 
for  example,  placed  the  disease  among  the  spasmodic  Tieuroses,  and  it 
cannot  excite  surprise  that  less  learned  and  accurate  physicians  should 
have  seized  upon  partial  aspects  of  it  to  name,  class,  and  describe  it,  thus 
creating  difficulties  of  identification.  It  seems  certain,  however,  that 
Poi’tuguese,  Dutch,  and  English  physicians  found  the  disease  prevailing 
in  India  and  its  dependencies  in  the  fifteenth,  sixteenth,  seventeenth,  and 
eighteenth  centuries  ; and  Avheu  the  outbreak  of  1817  occurred  it  was 
recognised  as  a severe  manifestation  of  a familiar  scourge.  Since  1817 
Asiatic  cholera  has  been  watched  with  keen  interest  wherever  it  has 
prevailed ; and  the  facts  relating  to  its  prevalence  in  India  and  elsewhere 
have  been  recorded  Avith  great  minuteness  and  care.  Voluminous  as 
these  records  are,  the  story  of  cholera  is  a very  simple  and  singularly 
interesting  one.  It  presents  the  pictures  of  a deadly  disease  prevailing 
perennially  in  certain  parts  of  India,  which  have  been  I’ecognised  as  its 
home  or  field  of  endemic  lodgment,  Avhere  it  waxes  and  Avanes,  but  neA^er 
altogether  disappears ; and  of  a dread  epidemic  taking  its  departure  from 
its  endemic  habitat,  after  a recrudescence  of  more  than  usual  severity, 
and  diffusing  itself  along  the  ordinary  routes  of  commerce  and  pilgrimage 
throughout  the  inhabited  Avorld.  The  history  of  cholera  is  thus  a tale 
of  repeated  invasions,  presenting  a remarkable  similarity.  It  is  not  easy 
to  define  Avith  exactitude  the  endemic  centre  from  Avhich  these  invasions 
have  proceeded  : some  authorities  assert  that  there  are  several  such 
centres  in  India ; the  principal  one  is  undoubtedly  the  delta  of  the 
Ganges  and  the  vast  creek  and  river-netted  alluvial  plain  Avhich  lies  south 
of  its  confluence  Avith  the  Brahmaputra.  Hoav  far  the  endemic  area 
extends  up  the  Gangetic  and  Assam  valleys  it  is  difficult  to  say  ; or 
Avhether  other  deltaic  regions  in  India,  as  of  the  Godavari  and  KaA'cri 
rivers,  are  also  endemic  areas.  It  has  been  asserted  that  the  disease  is 
endemic  in  Bangkok,  Canton,  Shanghai,  and  perhaps  other  parts  of  Siam 
and  China.  It  is  important  to  note  that,  even  in  its  endemic  haunts, 
cholera  presents  most  of  the  features  Avhich  characterise  its  epidemic 
facies.  It  rises  and  falls,  and  travels ; ,‘uul  if  Ave  carefully  study  par- 
ticular tracts  of  country,  Ave  shall  find  that  the  disease  presents  a 
succession  of  outbreaks  and  an  aspect  of  grouping  very  similar  to  Avhat 
is  observed  in  Europe  Avhen  the  disease  visits  a susceptible  place  and 
]jeople  in  a favourable  season. 

It  is  observable  that  every  departure  of  cholera  beyond  Indian  limits 
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has  been  preceded  by  an  outbreak  in  India  of  marked  and  unusual 
violenee.  Its  westward  diffusions  have  naturally  attracted  most  atten- 
tion ; but  eastern  diffusions  have  also  occurred — to  the  Straits  Settle- 
ments, Siam,  China,  and  Japan  — which  have  not  been  so  caiefully 
investigated.  The  western  invasions  have  taken  place  by  three  routes, 
namely,  (1)  through  Afghanistan,  Tersia,  and  Central  Asia,  to  Eastern 
Knssia,  along  trade  routes  crossing  or  bordering  the  Cas}>ian  Sea,  and 
thence  into  the  interior  of  Kussia  along  the  Volga;  (2)  by  the  I’ersian 
Gulf  to  Turkish  Arabia  and  Persia,  thence  to  Turkey  in  Asia,  and  along 
or  across  the  Black  Sea  to  Constantinople  and  the  Danube  ; and  (3)  by 
the  Indian  Ocean  and  lied  Sea  to  Aden  and  Mecca,  thence  to  Egy})t  and 
the  countries  bordering  the  IMediterranean.  The  disease  prefers  a land 
route  to  a sea  route,  and  has  sometimes  travelled  westwards  by  more 
than  one  route. 

Seven  distinct  invasions  of  Euro^Je  took  place  during  the  nineteenth 
century.  The  outbreak  of  1817  reached,  but  did  not  enter  Europe.  It 
covered  India  in  1818;  found  its  Avay  to  Mauritius  and  Burma  in 
1819,  I’eachcd  Arabia,  Siam,  Malacca,  and  China  in  1820,  iwevailed  in 
IVrsia  and  Asiatic  Turkey  in  1821,  and  got  as  far  as  Tifiis  and  Astrakhan 
in  1823.  There  its  Av^estward  march  ended. 

The  fii’st  European  invasion  covers  a period  of  thirteen  }'ears — 
182G-39.  During  the  first  three  years  India  was  extensively  overrun 
by  it;  in  1829  the  disease  Avas  carried  by  the  Central  Asian  route 
through  Kabul,  Herat,  Bokhara,  Khiva,  and  Orenburg,  as  far  as  Kijni- 
XoA'gorod ; in  1830  it  traA'elled  through  Persia  and  by  Besht,  Tabriz, 
Tifiis,  and  Astrakhan  to  Southern  Pussia,  eventually  reaching  Moscoav. 
Kussia  and  Poland  Avere  then  occu])ied,  and  in  1831  Northern  and 
Central  Europe;  in  1832  it  iiiA'aded  the  United  Kingdom  and  America, 
and  in  1833  France,  Spain,  and  Portugal;  in  1834  Italy  and  North 
Africa  suffered,  and  the  disease  lingered  in  Europe  till  1839. 

The  second  European  invasion  commenced  in  1840  and  ended  in 
1851 — eleven  years.  Cholera  Avas  carried  to  China  b}^  our  troops,  and 
after  raging  sevei’cly  in  that  empire,  Avas  conveyed  by  trade  routes  into 
Burma,  Yarkand,  Turkestan,  and  other  parts  of  the  Centi-al  Asian 
plateau.  It  broke  out  in  Persia  in  1845,  in  Arabia  and  Turkish 
Arabia  in  1846,  it  reached  Eastern  Ku.ssia  in  1847,  and  in  1848  it 
spread  through  Europe,  Ausiting  the  United  Kingdom,  and  reaching 
America  via  Ncav  Orleans  from  Havre.  This  epidemic  subsided  in 
1851. 

The  third  European  iiiA'asion  coA'^ered  nine  years — 1848-57.  It  is 
thought  by  some  authorities  to  have  been  a recrudescence  of  the  cholera 
of  1840-51.  During  1848-50  the  disease  ravaged  India  extensively;  in 
1851-52  it  spread  through  Tui'kish  Arabia  and  Persia,  and  reached 
Kussia;  in  1853  Asiatic  Turkey  and  Northern  Europe  suffered;  in 
1854-55  the  rest  of  Europe,  Great  Britain,  and  America  Avere  invaded. 
This  outbreak,  Avhich  died  out  in  1856-57,  Avas  the  cholera  from  Avhich 
the  army  of  the  Crimea  suffered  ; and  it  Avas  during  this  epidemic  that 
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certain  celebrated  observations  were  made  upon  the  cagency  of  water  in 
cholera  diffusion. 

The  fourth  European  invasion  of  1863-07  took  place  through  Arabia 
and  Egypt,  as  well  as  by  way  of  Persia,  the  Black  Sea,  and  the  Caspian. 
The  disease  occupied  Europe  in  1865,  and  in  1806  it  prevailed  in  Britain 
and  America. 

The  fifth  European  invasion  commenced  in  India  in  1807 — the  year 
of  the  celebrated  llardwar  outbreak — and  lasted  till  1873.  Europe  was 
reached  by  the  Persian  and  Turkish- Arabian  I'onte,  and  during  the  years 
1870-73  the  disease  raged  in  Europe  and  also  in  America,  which  was 
reached  through  New'  Orleans  from  Jamaica. 

The  sixth  European  invasion,  dating  from  1879,  took  place  via 
Mecca  (1882)  and  Egypt  (1883).  The  countries  bordering  the  Medi- 
terranean suffered  first  and  most,  and  the  disease  lingered  in  these  till 
1887.  Indeed  an  outbreak  in  Paris  in  1892  is  considered  to  have  been 
a survival  of  this  epidemic.  It  was  in  Eg}’pt,  in  1883,  that  Koch  dis- 
covered the  bacillus  which  has  formed  so  prominent  a feature  of  cholera 
research  in  recent  years. 

The  seventh  European  invasion  of  1891-95  is  remarkable  for  the 
unprecedented  rapidity  w'ith  Avhich  the  disease  travelled  ■westward  and 
overspread  Europe.  Beginning  in  Bengal  in  1891,  it  raged  in  Upper 
India  in  1892,  and  in  the  same  year  ravaged  Kashmir  and  Kabul, 
travelling  rapidly  through  Persia  and  Central  Asia,  and  spreading  over 
Northern  and  Central  Europe.  There  was  a violent  outbreak  at  Ham- 
burg, which  has  so  frequently  endured  severe  visitations.  Cases  occurred 
in  English  seaport  towns,  but  the  epidemic  did  not  penetrate  inland.  In 
1893  sharp  outbreaks  occurred  at  Hull,  Grimsby,  and  Yarmouth,  and  in 
many  .adjoining  inland  localities ; but  this  country  as  a wdiole  escaped. 
This  is  the  last  occasion  on  -which  A.siatic  cholera  has  visited  Great 
Britain.  In  1894  the  disease  continued  to  prevail  extensively  in 
Europe  and  in  Western  Russia,  Galici.a,  Belgium,  Holland,  and  France. 
About  half-a-dozen  cases  were  discovered  at  intervals  in  English  seaports, 
but  no  spread  either  in  these  or  iidand  took  place.  The  epidemic  sub- 
sided and  dis.appeared  in  1895.  In  1896  Egypt  and  the  Sudan  were 
severely  visited,  but  Europe  remained  exempt  until  1904.  A .severe  and 
extensive  outbreak  occurred  in  India  in  1897 — a year  of  -widespread  and 
gr.ave  famine — but  no  epidemic  extension  took  place  beyond  Indian 
limits.  In  1898  and  1899  India  w.as  comparatively  exempt  from 
cholera,  but  in  1900,  in  .association  with  another  and  Avorse  famine,  the 
disease  broke  out  Avith  unusual  virulence,  and  rapidly  covered  the  Avhole 
Empire.  This  Avas  the  commencement  of  an  epidemic  Avhich  invaded 
many  countries  east  and  Avest.  K.ashmir  Avas  Ausited  in  1900,  .and  Japan 
in  1901.  The  dise.ase  appeared  in  Arabia  in  M.arch  1902,  and  broke  out 
among  the  pilgrims  at  Mecca  and  Jeddah.  It  crossed  the  Red  Sea  to 
the  It.alian  province  of  Erythrea,  atid  prevailed  in  Egypt  from  IMay  to 
Sej)tember.  Cliolera  Av.as  also  preA'alent  in  the  Dutch  p]ast  Indies,  Sing.a- 
pore,  Borneo,  China,  J.apan,  the  Philippine  Islands,  Formosa,  and  in 
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Syria  and  I’ersia.  In  1903  Syria  and  Persia  still  suHered,  and  the 
disease  spread  eastward  to  Palestine,  Asia  jMinor,  and  Mesopotamia.  It 
continued  to  rage  and  spread  in  the  Far  East.  In  1904  the  Eastern 
outbreak  continued,  and  involved  Asiatic  Turkey,  Persia,  and  Pussia. 
The  invasion  of  Pussia  came  across  the  Caspian  ; the  tide  of  cholera 
reached  Astrakhan,  Saratov,  Samara,  and  Nijni-Novgorod.  In  1905  the 
disease  continued  to  prevail  in  certain  parts  of  Eastern  and  Southern 
Pussia,  but  infoimation  on  the  subject  is,  owing  to  the  disturbed  state 
of  the  country,  veiy  scanty  and  vague.  Cases  occurred  in  Marieidnug, 
Hamburg,  and  Berlin.  Stringent  measures  were  adopted  to  prevent  the 
spread  of  the  disease,  and  apparentlv  with  success. 

From  this  cursory  sketch  it  is  evident  that  liumaji  intercourse  and 
agency  are  the  cardinal  factors  in  cholera  propagation  ; and  the  main 
(piestion  which  has  agitated  the  public  mind,  and  engaged  the  attention 
of  conferences  and  commissioners  during  these  years,  is  whether  the 
progress  of  cholera  can  be  stayed  by  stopping  communication  between 
infected  and  non-infected  places  by  means  of  a system  of  quaiantine. 
This  ([uestion  resolves  itself  into  two  subsidiary  questions,  namely, 
whether  quarantine  be  feasible  and  effective ; and,  if  so,  whether  the 
disturbance  of  social  life  and  interruption  of  commerce  which  it  implies 
be  justifiable.  Unfortmiately  these  questions  have  been  chiefly  debated 
on  theoretical  grounds,  and  have  mainly  turned  on  whether  the  disease 
be  personally  communicable  or  the  reverse.  Sufficient  experience  has 
now  been  gained  to  render  a solution  of  the  question  possilrle  on  the 
surer  basis  of  natural  experiment.  As  regards  inland  quarantine,  the 
experience  gained  by  numerous  trials  in  India  and  Europe  has  resulted 
in  almost  uniform  failure  ; and  when  the  difficulties  of  imposing  a rigid 
quarantine  and  the  chances  of  evasion  are  considered  together  with  the 
possibility  that  dissemination  may  be  effected  by  other  agencies  than 
human — by  animals,  birds,  and  insects,  or  by  .vind  and  water — it  is  not 
strange  that  the  disease  has  so  often  overstepped  the  most  rigid  cordons. 
Quarantine  was  abolished  in  England  in  1890.  Maritime  quarantine 
presents  easier  postulates,  and  has  been  attended  with  more  success ; but 
ships,  uidess  crowded  with  emigrants,  pilgrims,  or  soldiers  under  unsani- 
tary conditions,  are  not  such  good  porters  of  cholera  as  caravans,  armies, 
hordes  of  pilgrims,  and  unsavoury  travellers  by  road  and  rail.  'I’he 
policy  of  detaining  masses  of  men  in  unwhole.some  lazarettos,  subject  to 
infection  by  neAV  arrivals,  has  certainly  proved  disastrous  ; and  a system 
of  accurate  and  early  information,  careful  in.spection,  isolation  of  the  sick 
and  .su.spected,  and  .sanitation  general  and  special,  has  been  pi'oductivc  of 
greater  benefit  than  any  wholesale  attempt  to  hinder  the  movements  of 
men  and  merchandise.  This  is  the  manner  of  dealing  Avith  cholera, 
plague,  and  yelloAV  fever  Avhich  has  been  successfully  practised  in  England 
for  many  years. 

There  are  certain  parts  of  the  earth’s  surface,  more  or  less  insulated, 
Avhich  have  not  been  visited  by  cholera.  The  most  remarkable  are  the 
Andaman  Islands  in  the  Bay  of  Bengal,  Reunion,  Australia,  Ecav 
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Zealand,  and  otlier  islands  of  the  Pacific,  the  Cape  of  Good  Hope  and 
West  Coast  of  Africa,  the  interior  of  the  African  continent,  St.  Helena, 
Ascension,  the  Azores,  Bermudas,  W est  Coast  of  South  America, 
Orkne}'' and  Shetland  Islands,  Iceland  and  the  iaroe  Islands,  and  the 
colder  parts  of  Europe,  Asia,  and  Amei'ica.  This  list  is,  moreover,  by  no 
means  exdiaustive.  There  are  certain  localities  in  all  countries  which 
have  seldom  or  never  been  visited,  wliile  epidemics  have  prevailed 
around ; and  in  any  outbreak  even  in  India,  the  places  and  persons 
attacked  are  always  a minority  of  the  whole.  Even  in  Calcutta,  the 
head  centre  and  perpetual  home  of  cholera,  there  is  a quarter  of  the  city 
which  possesses  as  complete  an  immunity  from  the  disease  as  Iceland. 
Xo  better  illustration  than  this  could  be  given  of  the  power  of  sanitation 
to  extirpate  cholera.  A study  of  the  statistics  of  Ituropean  and  native 
troops  and  prisoners  in  India  has  made  it  clear  that  during  the  last  half- 
century  a great  abatement  has  occurred  in  the  incidence  and  mortality  of 
the  disease.  This  satisfactory  result  must  also  be  placed  to  the  credit  of 
improved  sanitation,  general  and  special. 

K.  M. 

Etiology  and  Epidemiology 

Cholera,  as  is  now  almost  universally  accepted,  is  due  to  a living 
contagium — Koch’s  cholera  bacillus — which,  growing  in  the  intestines 
of  the  patient,  causes  death  partl}'^  by  the  effect  of  the  toxins  produced 
b}'-  it  and  ])artly  by  the  profuse  purging  which  it  sets  up.  The  further 
etiology  of  the  disease  resolves  itself  into  two  factors  ; first,  the  means 
by  which  the  microbe  gains  access  to  the  body  ; second,  the  conditions 
which  render  the  body  susceptible  to  the  microbe.  Of  the  first  of  these 
we  know  much,  of  the  second  little. 

MolU  of  Access. — It  is  certain  that  cholera  is  not  contagious  in  the 
ordinary  sense  of  the  word.  Cholera  cannot  be  caught  by  contact,  and 
although  nurses  and  those  who  attend  to  the  sick  are  often  affected  in 
larger  j)roportion  than  others,  this  is  i-eadily  explained  by  the  fact  that 
unless  constant  care  is  exercised  in  regard  to  cleanliness  of  hands  and 
utensils  they  are  much  more  exposed  than  are  others  to  the  known  and 
recognised  mode  of  infection,  which  is  by  the  mouth.  All  evidence  goes 
to  shew  that  the  infection  of  cholera  to  take  effect  must  be  swallowed. 

Now,  as  in  all  zymotic  diseases,  the  materies  morhi — the  contagiiun 
vunm — greatly  increases  within  the  body  of  the  patient  during  the  pro- 
gress of  his  malady.  During  the  disease  a minute  amount  of  infectious 
material  grows  into  an  amount  capable  of  giving  the  infection  to  thousands; 
and,  in  the  case  of  cholera,  this  infectious  material  finds  its  exit  from  the 
patient’s  body  in  the  discharges  caused  by  the  disease. 

The  study  of  the  etiology  of  cholera,  then,  is  to  a large  extent  a study 
of  the  steps  by  which  matter  that  has  left  one  patient  so  gains  access  to 
some  article  of  food  as  to  be  swallowed  by  some  one  else. 

It  is  conceivable  that  in  the  presence  of  a gi’eat  abundance  of  the 
infection  it  might  be  inhaled  in  the  form  of  dust.  Of  this,  however,  there 
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is  no  evidence.  It  is  with  food  and  ddnk  that  it  commonly  gains  access 
to  tlie  human  body.  Well-authenticated  instances  are  related  in  Avhich 
dies  have  appeared  to  carry  the  infection  from  cholera  dejecta  to  milk 
and  various  articles  of  diet ; and  Haffkiire  has  detected  cholera  bacilli  in 
specimens  of  sterilised  milk,  exposed  in  new  A’essels,  to  which  dies  were 
permitted  free  access  during  an  attack  of  cholera  (1).  The  use  of 
cholera-infected  water  for  washing  cooking  utensils  and  articles  used  in 
the  preparation  of  food  is  another  mode  of  local  distribution  ; cspeciall}’ 
in  regard  to  the  spiead  of  the  disease  by  milk.  In  the  case  of  nurses 
and  those  who  attend  to  the  sick,  or  have  charge  of  the  dead,  the  cholera 
poison  may,  as  a result  of  want  of  strict  cleanliness,  be  transferred  to  the 
mouth  by  the  dngers,  either  directly  or  by  means  of  food. 

But  the  great,  the  persistent,  and  the  almost  universal  mode  by  which 
the  cholera  germ  gains  access  to  the  body  is  in  the  drinking-water.  This 
is  now  so  well  recognised  that  it  is  unnecessary  to  go  again  over  the 
evidence  by  which  this  has  been  proved  to  demonstration.  It  may, 
however,  be  well  to  refer  to  a few  of  the  classical  examples  of  this  mode 
of  cholera  distribution.^ 

A full  account  of  the  case  of  the  Broad  Street  pump,  which  was 
investigated  by  Dr.  Snow,  is  to  be  found  in  the  lieport  of  the  Committee 
for  Scientific  Inquiries  into  the  Cholera  of  1854.  The  relation  between 
the  incidence  of  cholera  and  the  source  of  the  water-supply  to  different 
parts  of  London  is  described  in  the  Report  of  the  liui/al  Commission  on 
IRuter-Supphi,  1869.  The  outbreak  of  cholera  in  the  East  End  of  London 
in  1866,  which  was  traced  to  the  supply  of  si^ecifically  contaminated 
water,  is  described  by  Mr.  Xetten  Eadcliffe  in  the  Pieport  of  the  Medical 
Officer  to  the  Load  Government  Board,  1866  ; and  the  great  outbieak  of 
cholera  in  Hamburg  is  described  with  full  statistical  detail  in  the  Import 
of  the  Medical  Officer  to  the  Load  Government  Board,  1892-93. 

There  is  a good  deal  of  evidence  to  shew  time  Avater  does  not  act  as  a 
mere  diluent  and  distributor  of  the  cholera  poison,  Ijut  that  undei'  certain 
conditions  the  cholera  bacilli  grow  and  for  a short  time  increase  in 
virulence  during  their  sojourn  in  this  medium.  The  persistence  of 
cholera  in  a district  is  indicative  of  more  than  a single  pollution  of  the 
water-supply,  and  generally  points  to  a ^persistence  of  some  insanitary 
conditions  which  favour  repeated  infection. 

It  is  not  always  the  case,  however,  that  the  infection  is  conveyed 
directly  from  man  to  man  by  means  of  Avater.  MTiere  Ave  find  sudden 
outbursts  of  disease  affecting  large  numbers  of  people  draAving  their  Avater- 
supply  from  a common  source,  some  direct  and  Avholesale  fouling  of  the 
supply  is  generally  the  cause  of  the  mischief.  But  much  more  commonly, 
especially  near  its  endemic  home  in  India,  cholera  does  not  occur  in 
great  outbursts ; small  local  epidemics  arise,  die  doAvn,  and  then  recur. 
The  cholera  bacillus — existing,  as  Ave  must  presume,  in  the  foul  soil — is 

’ 111  liow  wide  a sen.se  tlie  term  “drinking-water”  may  properly  be  applied  is  indicated 
by  the  alleged  dissemination  of  the  cholera  poison  by  means  of  oysters  whicli  had  been 
e.xposed  to  the  affluence  of  .sewage. 
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now  and  again  washed  into  the  wells,  and  so  sets  up  disease  in  those 
that  draw  their  water  from  them.  The  key,  then,  to  this  side  of  the 
etiology  of  cholera  is  to  be  found  in  the  habits  of  the  people,  and  the 
degree  of  care  or  want  of  care  • they  exercise  in  the  protection  of  their 
water-supplies. 

The  natural  home  of  cholera  is  a land  of  foul  water.  In  Lower 
Bengal,  where  cases  are  reported  every  month  in  every  year,  an  inquiry 
into  the  habits  of  the  people,  and  the  condition  of  the  tanks  from  which 
they  largely  draw  their  water-supply,  is  sufficient  to  shew  how  constant 
arc  the  opportunities  both  for  food  and  water,  especially  the  latter,  to 
be  exposed  to  fincal  contamination.  In  many  of  the  towns  of  Southern 
Europe,  also,  which  have  most  markedly  suffered  from  the  ravages  of 
cholera  (among  these  Naples  and  Marseilles  may  be  specially  mentioned), 
it  has  been  demonstrated  that  while  the  water-supplies  had  been  con- 
taminated, the  hal)its  of  the  people  had  intensified  the  evils  resulting 
from  this  cause.  On  the  other  hand,  our  own  practical  immunity  during 
the  epidemics  which  have  broken  out  in  Europe  since  greater  attention 
has  been  given  in  England  to  the  securing  of  pine  water,  compared  with 
our  great  mortality  from  cholera  in  earlier  epidemics,  together  with  the 
great  lessening  of  the  cholera  mortality  in  those  towns  in  India  which 
have  obtained  pure  Avater  Avhile  epidemics  haA-e  continued  as  of  old  in 
surrounding  districts,  both  tend  to  sIicav  that  Avhen  the  habit  of  drinking 
Avater  Avhich  has  been  exposed  to  chances  of  faecal  defilement  is  once 
broken  cholera  fails  to  take  root. 

Lidiciduul  Suxceptihilit)/. — 'The  etiology  of  cholera  is  not,  hoAveA'er, 
completely  explained  by  the  statement  that  it  depends  on  the  ingestion 
of  eholcra -infected  AA'^ater ; another  condition  is  also  necessary,  namely, 
the  susceptibility  of  the  individual.  Considerable  differences  exist  in  the 
habits  of  the  A'arious  members  of  every  community;  thus,  it  often  happens 
that  even  Avhei'e  the  habits  of  the  majority  are  foul,  a feAv  are  protected 
from  receiving  the  infection  by  the  greater  cleanliness  and  propriety  of 
their  lives.  Yet  many  fail  to  sicken,  although  they  are  knoAvn  to  have 
SAvalloAA'ed  the  very  infective  matter  Avhich  at  the  same  time  is  producing 
cholera  in  others.  AVe  have  proof  of  this  in  every  Avidespread  Aiaiter 
epidemic  ; the  number  of  those  Avho  SAvalloAv  the  poison  must  in  the.«e 
cases  vastly  exceed  the  number  of  those  Avho  are  attacked  by  the  disease. 
Macnamara  gives  an  instance  in  Avhich  a vessel  of  drinking-AAuiter  Avas 
accidentally  polluted  Avith  fresh  cholera  excreta,  and  after  being  exposed 
to  the  sun  all  day  the  Avater  Avas  partaken  of  by  nineteen  persons ; of 
these  five  only  subsequently  suffered  from  cholera.  It  seems  clear  that 
the  inhabitants  of  the  areas  in  Avhich  cholera  is  frequently  present,  not- 
Avithstanding  habits  Avhich  expose  them  continually  to  chances  of  infection, 
are  much  less  frequently  attacked  than  neAv  arrivals  in  the  districts,  much 
less,  for  instance,  than  Europeans,  although  Avhen  attacked  they  succumb 
more  readily. 

On  the  other  hand  there  is  a good  deal  of  clinical  evidence — of  a 
nature,  however,  that  can  harcll}'  be  brought  to  the  test  of  statistics 
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— to  sliew  that  any  disturbance  of  the  balance  of  the  digestive  organs, 
especially  the  dyspepsia  common  among  drinkers,  and  the  looseness  of 
the  bowels  often  brought  on  by  eating  over-ripe  or  decomposing  fruit, 
distinctly  tends  to  leave  the  ])aticnt  open  to  the  cholera  infection — that 
ill  fact  an  active  gastric  digestion  and  a healthy  intestinal  mucous  surface 
form  a considerable  bar  to  attacks  of  cholera. 

So  far  we  have  considered  the  etiology  of  choleia  as  it  affects  the 
individual.  \\'e  have  shewn  that  although  the  condition  of  the  patient 
has  an  influence  on  the  effect  of  the  attack,  the  immediate  factor  in  the 
production  of  cholera  is  the  swallowing  of  an  infection  which  has  come, 
(.lirectly  or  indirectly,  from  the  dejecta  passed  by  another  patient  suffer- 
ing from  the  same  disease  ; thus  we  have  ilemonstrated  that  cholera 
may  properly  be  called  a filth  disease  : not  that  filth,  unless  infected  with 
cholera,  can  cause  the  disease,  but  that,  without  the  filtliy  halu'ts  which 
bring  about  the  consumption  of  food  or  drink  liefouled  by  man’s  dejecta, 
cholera  cannot  be  transmitted. 

Epidemic  Prevalence. — This  vieAv,  however,  of  the  etiology  of  cholera 
by  no  means  explains  the  occurrence  of  epidemics,  nor  the  tendency  of 
these  epidemics  at  varying  periods  to  spreacl  beyond  the  normal  confines 
of  the  disease,  to  extend  into  areas  which  for  long  series  of  years  had 
been  entirely  free  from  it,  to  advance  stage  by  stage,  and  thus  to  march 
around  the  globe ; then  to  retire,  and  for  an  uncertain  period  cither  to 
lie  latent  or  to  be  confined  within  the  endemic  area.  To  understand 
this  peculiarity  of  cholera,  it  is  necessary  to  bear  in  mind  the  various 
factors  which  aid  in  the  dissemination  of  the  disease,  and  to  recognise  that 
it  is  the  coincidence  of  many  factors  which  sets  cholera  on  the  march. 

Within  certain  areas  in  India  cholera  is  endemic,  especially  in  the 
country  of  the  Lower  Ganges.  If,  however,  we  examine  caiofully  the 
incidence  of  cholera  within  the  endemic  area,  it  becomes  obvious  that, 
although  in  every  district  deaths  from  it  may  be  I'eported  every  year  aird 
every  month  itr  every  year’,  still  the  incidence  of  this  mortality  is  by  no 
rrreans  evenly  distributed;  even  withirr  the  endemic  ai'ea  cholera  wander’s 
about,  one  village  after  another  being  attacked  and  their  left  at  peace  for 
a time.  It  seems  as  if  there  were  the  same  tendency  for  these  oirtbursts 
to  die  down  within  the  area  as  there  is  oirtside  it ; but  that  in  consequence 
of  the  great  facilities  for  reimportation,  atrd  of  the  condition  of  the  soil, 
which  makes  it  possible  for  the  germ  to  nraintain  its  vitality  and  cai-ry 
on  the  saprophytic  phase  of  its  existence  for  a con.sidci’able  time,  the 
disease  fi-equeirtly  crops  irp  again — whenever,  in  fact,  thei’c  is  a sufficiency 
of  su.sceptiblc  people  for  it  to  prey  irpon,  and  whenever  accident  introduces 
it  afi’esh  into  the  drinking-water. 

It  is  important  to  bear  in  mind  that  the  highest  mortality  fi’oni 
cholei’a  does  not  occur  irr  the  parts  in  which  the  disease  is  pei’manently 
endemic;  this  points  to  the  pi’obability  that  dweller’s  within  the  endemic 
area  attain  some  degree  of  immunity  from  the  infection. 

The  Spread  of  Epidemic  Cholera. — One  of  the  most  sti'iking  peculi- 
ai’ities  of  epidemic  cholera,  when  it  over-steps  the  bounds  of  its  endemic 
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area,  is  its  tendency  to  advance  along  fairly  definite  tracks  ; to  go  from 
town  to  town,  from  conntry  to  country ; to  attack  each  fresh  district 
with  enormous  Aurulence  at  first ; then,  in  a short  time,  to  become  much 
modified  in  intensity,  subsiding  altogether  in  about  three  months  to 
return  again  the  next  year,  and  perhaps  the  year  after ; then  again  to 
die  out  entirely  till  it  is  introduced  afresh,  passing  on  meanwhile  to  some 
other  place  where  the  same  course  is  repeated.  The  stud}'^  of  the 
e[)idemiology  of  cholera  thus  involves  that  of  the  modes  by  which  the 
disease  is  carried  from  place  to  ])lace,  the  influences  which  favour  its  dis- 
semination, those  which  favour  or  retard  its  taking  root  in  fresh 
localities,  together  with  those  cui'ious  periodic  variations  of  intensity 
which,  for  the  sake  of  a phrase,  are  sometimes  attributed  to  “ epidemic 
inlluence.” 

There  can  no  longer  be  an}'^  doubt  that  cholera  is  disseminated  by 
human  intercourse.  The  march  of  cholera  coincides  with  the  march  of 
man,  and  it  is  carried  from  place  to  place  either  by  infected  man  or  by 
cholera-tainted  clotliing.  The  part  played  by  pilgrimages,  e.g.  the 
])ilgrimage  to  Mecca,  is  well  known,  and  severe  outbreaks  and  wide 
dispersion  have  often  followed  on  such  movements  of  large  bodies  of 
men.  There  seems  no  practical  limit  to  the  distance  to  which  it  would 
be  possible  to  transmit  the  infectioTi  in  a bundle  of  imperfectly  dried 
rags  soiled  by  cholera  excreta ; man,  however,  can  but  carry  the  disease 
so  far  as  he  is  able  to  travel  between  receiving  tlie  infection  and  being 
laid  low.  What  we  find,  then,  on  comparing  the  march  of  the  earlier 
epidemics  of  cholera  with  those  that  have  occurred  in  more  recent  years, 
is  that  whereas  when  travel  was  slow  the  disease  swept  steadily  forwards, 
occupying  the  land  as  it  advanced ; in  later  times  it  has  bounded  forward 
with  long  strides,  occupying  outposts  far  ahead  of  infected  areas  by 
means  of  railway  and  steamboat  communication,  and  then,  from  these 
outlying  foci  of  infection,  has  spread  in  both  directions,  coalescing  ])cr- 
haps  at  a much  later  date  with  the  main  body  of  the  epidemic  which  has 
slowly  advanced  across  country  from  the  eai’lier  centres. 

Certain  as  it  is,  however,  that  man  is  the  porter  by  whom  cholera  is 
introduced  to  any  place,  it  must  not  be  forgotten  that  its  development  in 
that  place  depends  on  insanitary  circumstances,  the  chief  condition 
necessary  being  the  liability  of  the  drinking-water  to  be  contaminated 
by  infected  excreta.  There  are  probably  other  but  more  obscure 
conditions  still  unknown  to  us. 

It  will  thus  be  readily  understood  why  cholera  is  so  apt  to  be  spread 
in  epidemic  form  by  wars  and  pilgrimages.  Cholera  may  and  often 
does  travel  along  the  tracks  of  ordinary  trade  ; but  it  never  advances  far 
unless  along  its  path  there  be  places  where  the  sanitary  conditions,  some 
known  others  pi-obably  still  unknown,  enable  the  disease  to  take  root  and 
start  upon  its  course  afresh.  When,  however,  as  in  the  case  of  wars  or 
pilgrimages,  great  bodies  of  men  are  camped  out  without  any  proper 
means  of  dealing  with  their  excreta,  or  any  assurance  that  tlieir  water- 
supply  remains  untainted  ; and  especially  when,  as  is  the  case  in  the 
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^roat  religions  pilgrinuiges  which  arc  recruited  from  within  the  endemic 
liome  of  cholcT'a,  tlie  men  who  form  these  camps  carry  with  them  those 
habits  and  customs  which,  within  tliat  area  tend  to  make  cliolera 
permanently  endemic,  then  we  tind  every  condition  fnlfilled  for  the 
epidemic  propagation  of  the  disease. 

Accepting  the  view  that  when  cholera  is  introduced  into  new 
districts  it  is  carried  thither  b}"  cholera-infected  rags,  cholera-infected 
food,  or  cholera-infected  man,  it  becomes  a matter  of  great  importance  to 
determine  whether  the  last  (namely,  cholera-infected  man)  can  cany  Avith 
him  the  germs,  deposit  them  in  fresh  places,  infect  water-supplies,  and 
set  up  epidemics,  without  himself  snffei'ing  from  cholera  and  betraying 
its  symptoms.  Till  a few  years  ago  this  question  would  have  been  un- 
hesitatingly answered  in  the  negative ; and  in  fact  it  is  in  the  belief  that 
a man  cannot  carry  cholera  unless  he  himself  suffer  from  it  that  the 
modein  substitute  for  <(uarantine  is  founded,  namely,  the  system  of 
medical  inspection  and  detention  of  invalids.  IModern  travel  is  conducted 
on  so  vast  a scale,  and  the  numbers  moving  from  place  to  place  are  so 
enormous,  that  efficient  quarantine  is  obviously  impossible.  It  has  been 
hoped,  however,  that  if  those  actually  ailing  be  sorted  out  the  rest  may 
safely  be  allowed  to  pass.  Hence  the  modern  system.  The  investi- 
gations of  Koch  and  others  tend,  however,  to  throw  some  doubt  upon  the 
efficiency  of  such  measures ; and  although  they  have  appeared  successful 
in  preventing  the  disease  from  taking  root  in  England,  it  is  quite  possible 
that  the  greater  attention  given  to  the  purity  of  the  Avater-supply  of  our 
toAViis  may  have  had  a much  larger  share  than  our  port  sanitaiy  in- 
spection in  giving  us  the  exemption  Ave  have  enjoyed.  Koch  has  sheAvn  (.3), 
and  it  has  been  shcAvn  repeatedly  at  the  observation  stations  Avhich  Avere 
established  in  Germany  at  the  time  of  the  epidemics  in  Hamburg  in 
1892  and  1893,  that  among  those  Avho  had  been  exposed  to  the 
possibility  of  cholera  infection,  and  Avho  yet  remained  apparently  healthy, 
there  Avere  individuals  Avhose  faeces,  although  hardly  diarrhoeic — nay, 
quite  normal,  yet,  nevertheless,  contained  cholera  bacteria.  “ It  is  uoav 
certain  that  among  a number  of  persons  Avho  have  been  exposed  to 
cholera  infection  the  resultant  cases  may  shcAv  the  Avhole  scale  from  the 
severest  and  rapidly  fatal  cases  doAvn  to  the  mildest  imaginable, 
demf)iistrable  oidy  by  bacteriological  investigation.” 


I The  determination  of  this  point  goes  far  to  explain  outbreaks  of 

{ cholera  in  Avhich  the  first  apparent  sufferers  could  be  sheAvn  not  to  have 

« entered  any  infected  district.  The  very  first  case  has,  in  fact,  not  been 

' recognised,  maybe  the  patient  has  not  knoAvn  that  he  Avas  ill ; his  dejecta 

1 have,  nevertheless,  obtained  access  to  the  Avater-supply,  and  thus  given 

' rise  to  the  outbreak.  It  is  in  this  Avay  pos.sible  to  explain  some  of  the 

isolated  sporadic  cases  Avhich  have  occurred  in  England,  cases  in  Avhich, 
notAvithstanding  the  entire  Avant  of  evidence  of  any  connexion  Avith 
< any  knoAvn  focus  of  the  di.sease,  the  characteristic  micro-organisms 

have  been  discovered.  But  Av^e  cannot  state  positively  that  this 
' explanation  is  the  true  one. 
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Conditions  determining  Character  of  Outbreak.  — 'When  tlie  cholera 
germs  have  once  been  introduced  into  a district  their  fate  will  depend 
on  various  conditions.  If  they  chance  to  gain  access  to  a public  water- 
supply  they  will,  as  has  been  shewn  again  and  again,  set  up  a sudden 
and  widespread  epidemic  among  the  consumers  of  the  water  — an 
epidemic  which  breaks  out  simultaneously  in  different  parts  of  the  dis- 
trict, rages  violently  for  a time,  and  if  the  infected  water  be  cut  oft',  stops 
almost  as  suddenly  as  it  had  begun. 

If,  however,  the  germs  do  not  gain  access  to  a general  water-sup{)ly, 
but  are  deposited  in  the  neighbourhood  of  the  dwellings  of  the  people, 
they  will  only  set  up  small  and  localised  outbreaks ; in  one  part  after 
another  of  a town,  in  one  town  after  another,  cholera  will  arise  and 
soon  die  out,  only  to  crop  up  again  in  neighbouring  places,  or  even  in 
the  same  place  again ; and  thus  an  epidemic,  never  perhaps  severe,  may 
continue  so  long  as  to  cause  serious  loss  of  life.  The  continuance  of  an 
outbreak  of  this  latter  sort  depends  upon  conditions  not  as  3'et  accurately 
defined ; and  it  is  obvious  that,  although  a general  water-epidemic  has  a 
sudden  rise  and  a sudden  fall,  one  occurring  in  a district  Avhich  favours 
the  development  of  foci  of  cholera,  although  it  may  rise  as  suddenl}', 
will  not  terminate  so  quickly : it  will  rather  set  up  a multitude  of 
centres  from  which  it  will  continue  to  spread  as  in  the  second  mode,  the 
mode  in  which  it  mostly  shews  itself  in  countries  in  which  it  is  endemic 
during  non-epidemic  times— countries  in  most  parts  of  which  no  such 
thing  as  a public  Avater-su^ipl}^  in  the  modern  sense  of  the  term,  exists. 
It  becomes  then  very  important  to  inquire  into  the  causes  other  than 
the  infection  of  public  water-supplies  which  favour  the  develoj)inent  of 
epidemic  cholera ; for  it  is  certain  that  “ in  man}'’  districts  of  greater 
or  less  extent,  the  cholera  has  never  reached  any  considerable  oi- 
strictly  epidemic  development  notwithstanding  repeated  importations  of 
the  poison  ” (4). 

Conditions  favouring  the  Development  of  Cholera  Ejndemics.  — Hirsch 
says  : “ As  there  are  certain  local  peculiarities  which  furnish  the  con- 
ditions for  the  endemic  disease,  so  also  there  are  certain  factors  residing 
in  the  circumstances  of  place  or  season,  which  ai-e  necessary  to  give 
potency  to  the  cholera  poison  beyond  its  native  habitat  ” ; and  he  quotes 
Hergt  as  saying : “ The  rise  of  the  cholera  epidemic  at  any  one  place 
implies,  besides  importation  of  the  contagium,  certain  local  conditions  of 
atmosphere  and  of  soil  as  well.  These  conditions  must  be  able  at  a 
given  place  to  generate  themselves  and  to  disappear  again.”  The 
latter  is  an  important  qualification,  for  it  appears  certain  that  among  the 
causes  necessary  for  the  development  of  cholera  in  an  epidemic  form, 
except  when  widely  distributed  by  water,  are  some  which  are  purely 
temporary,  as  for  example  those  which  are  connected  with  season  ; and 
that  a locality,  which  at  one  time  may  be  capable  of  developing  cholera 
in  a most  virulent  form,  may  at  other  times  be,  comparatively  sjieaking, 
protected  from  its  attacks.  Putting,  then,  on  one  side  infection  of  public 
water-supply,  which  is  capable  of  creating  an  epidemic  in  any  place  and 


CHOLERA 


447 


in  any  season,  we  have  to  consider  the  factors  in  the  production  of  an 
epidemic  not  arising  from  that  cause.  Concerning  tlicse  factors  little 
is  known.  We  may  consider  them  nnder  the  following  headings : — 

((0  Altitude. — Elevated  districts  often  remain  exempt  from  choleia  ; 
on  the  other  hand  valleys  and  low-lying  areas  are  much  more  aj)t  to 
suffer ; in  towns  situated  on  a slope,  or  occuj)ying  different  elevations, 
it  is  usually  found  that  within  the  same  town  the  higher  districts  ai'e 
least  affected.  On  the  other  hand,  cholera  has  occurred  at  A’ery  con- 
siderable altitudes,  and  even  sufficiently  often  in  the  higher  parts  of 
towns  to  make  it  clear  that  the  cause  of  the  ai)parent  valuation  of  cholera 
with  altitude  must  be  sought  elsewhere,  probably  in  its  relation  to 
temperature,  water-supply,  and  movement  of  ground-water. 

(^/)  Kelation  to  llivers. — It  has  constantly  being  observed  that  not 
only  does  cholera  follow  rivers,  which  it  should  be  noted  are  also  com 
monly  lines  of  traffic  and  centres  for  the  aggregation  of  large  popula- 
tions,— two  main  factoi’S  in  the  dissemination  of  the  disease, — but  that  it 
attacks  places  on  the  banks  of  rivers  and  even  of  small  streams  with 
special  severity.  This  again  probably  has  relation  to  conditions  of  soil 
and  density  of  population,  as  well  as  to  the  double  function  of  livers  as 
drains  and  sources  of  water-supjily. 

(c)  Character  of  Soil. — Cholera  attains  its  greatest  intensity  on  soils 
which  are  permeable  to  water,  but  not  sodden  with  it,  and  are  at  the 
same  time  capable  of  retaining  a certain  degree  of  moisture  within  their 
interstices. 

The  relation,  then,  of  altitude,  neighbourhood  of  rivers,  and  character 
of  soil  may  all  resolve  themselves  into  this — that  cholera  is  most  likely 
to  take  on  its  epidemic  character  on  a soil  which  is  porous,  more  or  less 
charged  with  decomposing  organic  matter,  moistened  with  watei-,  and 
having  its  interstices  filled  with  air.  Emmerich  and  Gemiind  have 
indeed  shewn  that  cholera  vibrios  die  on  gravelly  soil  in  seven  days, 
while  on  naturally  impure  soil  they  multiply  enormously  and  onlj^  die  in 
the  superficial  layers  in  1-5-81  dav's.  On  such  a soil  complete  dryness 
or  complete  saturation,  are  inimical  to  cholera ; while  a falling  ground- 
water,  leaving  the  soil  moist,  full  of  air,  and  charged  wdth  organic  matter 
from  the  surface,  disposes  to  cholera ; not  only  by  favouring  the 
sa})rophytic  growth  of  the  cholera  bacillus,  but  also  by  facilitating  its 
access  to  wells. 

(d)  Habits  of  Inhabitants. — Even  amidst  the  conditions  of  soil  and 
climate  most  favourable  or  most  inimical  to  cholera,  its  j)revalence  largely 
depends  upon  the  habits  of  the  people ; however  largely  present  its 
contagium  may  be,  it  is  haimless  unless  swallowed.  Thus,  among  all  the 
influences  making  for  cholera,  the  most  important  are  those  habits  of 
carelessness  as  to  the  cleanliness  of  food  and  driidc,  which  make  it  easy 
for  either  the  one  or  the  other  to  be  tainted  with  f:ecal  material. 

(e)  General  Sanitation. — As  is  the  influence  of  the  habit  of  clean 
living  to  the  individual,  so  is  that  of  general  sanitation  to  the  l)ody  cor- 
porate. Good  drainage  and  good  water-supply  keep  cholera  at  bay  by 
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mukiiig  it  impossible  for  the  fa'ces  of  one  person  to  gain  access  to  the 
drink  or  food  of  another. 

This  brings  us  back  to  the  keynote  of  the  etiology  and  epidemiology 
of  cholera,  namely,  the  ingestion  of  infected  ^vater  or  infected  food. 

'rhe  act  of  swallowing  the  living  contagium  derived  from  the  excreta 
of  a previous  sufterer  from  the  disease  is  the  immediate  cause  of  cholera 
in  the  individual  ; while  the  means  by  which  facilities  are  given  for  the 
growth  of  this  contagium  outside  the  body,  for  its  widespread  dissemi- 
nation, and  for  its  introduction  into  the  food  or  drink  of  man,  are  the 
causes  of  cholera  epidemics.  AVhile  this  is  true,  yet  we  are  still  far  from 
explaining  why  cholera  is  epidemic  at  one  time,  and  then  at  another  com- 
pletely disappears,  for  we  have  no  ground  for  thinking  that  the  known 
conditions  of  its  dissemination  have  ceased  to  become  operative  during 
these  periods  of  quiescence.  The  problem  is  indeed  that  which  faces  us 
in  the  consideration  of  the  epidemic! ty  of  many  other  diseases,  and  is 
equall}’’  unsolved  at  present. 

Ernest  Hart. 

Solomon  Charles  Smith,  189G. 

J.  W.  W.  Stephens,  190G. 
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Bacteriology  of  Cholera 

In  1883  Koch  separated  a characteristic  curved  organism  from  the 
dejecta  and  intestines  of  cholera  patients,  the  comma  bacillus ; this  ho 
declared  to  be  absent  from  the  stools  and  intestinal  contents  of  healthy 
persons,  aiid  of  persons  sufl'ering  from  other  affections.  The  organism 
was  said  to  possess  certain  morphological  and  biological  features  which 
readily  distinguished  it  from  all  previously  described  organisms.  It  was 
absent  from  the  blood  and  viscera,  and  was  found  oidy  i?i  the  intestines ; 
and  the  greater  the  number,  it  was  said,  the  more  acute  the  attack.  Koch 
also  demonstrated  an  invasion  of  the  mucosa  and  its  glands  by  the 
comma  bacilli.  The  organisms  were  found  in  the  stools  on  staining  the 
mucous  flakes  or  the  fluid  with  methylene  blue  or  fuchsin, — and  some- 
times alone ; hy  means  of  cultivation  on  gelatin  they  were  readily 
separated  from  the  stools.  During  his  stay  in  India,  in  Egypt,  and  at 
Toulon,  Koch  had  examined  more  than  a hundred  cases,  and  other 
investigators  confirmed  his  statements.  Numerous  control  observations, 
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made  upon  other  diarrhoeic  dejecta  and  upon  normal  stools,  were  negative  ; 
the  comma  bacillus  was  found  in  choleraic  material  only,  or  in  material 
contaminated  by  cholera.  Soon  other  observers,  however,  described 
comma-shaped  organisms  of  non-choleraic  origin  ; Fiukler  and  Prior,  for 
instance,  found  them  in  the  diarrhoeic  stools  of  cholera  nostras,  Deneke 
in  cheese,  Lewis  and  Millar  in  saliva.  All  of  these  organisms,  however, 
ditfered  in  many  respects  from  Koch’s  comma  bacillus ; and  gradually 
the  exclusive  association  of  Koch’s  vibrio  with  cholera  became  almost 
generally  acknowledged.  In  188G,  indeed,  Fliigge  maintained  that  the 
comma  bacilli  must  be  regarded  as  the  cause  of  cholera,  because  they 
occur  constantly  and  exclusively  in  this  disease. 

Koch  described  his  vibrios  as  short,  curved  organisms,  often  arranged 
as  spirals  ; the  curvature  of  the  individuals  varied  greatly,  the  latter  being 
sometimes  almost  straight,  and  at  other  times  nearly  semicircular.  Tvo 
commas  may  be  attached  so  as  to  form  an  8 ; spirals,  even  of  gi’eat  length, 
may  indeed  be  found.  According  to  Kolle  and  Gotschlich,  cholera  vibrios 
may  vary  so  much  in  (1)  size,  (2)  curvature,  (3)  motility,  that  from 
morphological  chai’acters  it  is  quite  impossible  to  determine  whether  a 
j)articular  species  is  cholera  or  not.  They  describe  group  A,  short  cocci- 
like forms  ; group  B,  medium-sized  forms  well  curved,  i.e.  typical  vibrios  ; 
group  C,  very  long  slender  forms  almost  straight.  Although  morpho- 
logically so  difterent,  yet  in  all  other  re.spects  they  behave  like  true 
cholera  vibrios.  They  possess  the  power  of  spontaneous  movement 
in  a marked  degree,  and  readily  undergo  involution,  becoming  round  and 
coccoid  or  irregular  in  appearance.  On  gelatin  plates  at  22°  C.,  after 
twenty-four  hours,  they  form  minute  yellowish-white  refractive  colonies, 
the  contour  of  which  is  not  regular,  but  scalloped  and  undulating.  As 
growth  proceeds  this  irregularity  of  outline  becomes  more  marked,  and 
the  surface  of  the  colony  partakes  in  this  irregularity,  and  at  the  same 
time  the  colony  as  a whole  becomes  highly  refractive  as  if  beset  with 
a number  of  fine  - glass  spicules.  Then  liquefaction  of  the  gelatin 
1 gradually  begins,  and  the  refractive  colonies  sink  into  its  substance.  This 
I '■  typical  ” appearance  of  a true  cholera  vibrio  has,  it  is  now  agreed,  lost 
ij  the  importance  which  was  at  first  given  to  it,  for  it  is  recognised  that 
I true  cholera  may  give  an  “ atypical  ” appearance,  and  the  diagnosis  of  true 
cholera  vibrios  no  longer  rests  to  a great  extent  on  this  appearance  as  it 
did  in  earlier  days.  Yet  it  is  true  that  frequently  typical  colonies  aj)pcar 
1 Avhen  cultures  are  first  isolated  from  freces,  and  that  aty])ical  colonies 
I are  more  frequent  in  laboratory  cultures ; and,  as  Kolle  and  Gotschlich 
' remark,  there  is  no  other  disease  except  cholera  in  which  these  strongly 
' refractive  colonies  in  considerable  quantity  can  be  got  out  of  the  fa'ces  or 
( contents  of  the  gut. 

Stab-cultures  in  gelatin  are  equally  characteristic ; there  is  a whitish 
i growth  along  the  needle-track  with  gradual  li(piefaction,  which  at  first  is 
most  marked  near  the  surface,  so  that  a turnip-shaped  depression  is 
formed,  the  upper  portion  of  which,  by  evaporation  of  the  liquid,  becomes 
filled  with  air.  Liquefaction  is  comparatively  slow,  but  after  six  days  it 
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has  progressed  so  far  as  to  destroy  the  appearance  just  descriljed.  The 
extent  of  liquefaction  of  gelatin  depends  on  the  alkalinity  and  melting- 
point  of  the  gelatin,  apart  from  individual  differences  in  vibrios  from 
different  sources.  On  agar-agar  we  have  transparent  colonies,  ojialescent 
by  transmitted  light,  of  a characteristic  appearance ; growth  occurs  on 
potato  at  a raised  temperature  only ; milk  is  not  coagulated.  Koch’s 
vibrio  is  capable  of  thriving  in  very  dilute  broth  or  j^eptone  solution. 
On  the  latter  especially  the  vibrios  accumulate  at  the  surface,  often  form- 
ing a pellicle.  This  property  of  surface  growth  is  of  the  greatest  practical 
importance,  as  will  be  seen  later.  Cholera  is  a facultative  anaerobe, 
and  grows  best  between  30°  and  40°  C.  The  ojjtimum  reaction  of  media, 
according  to  Wherry  (37),  is  obtained  with  an  alkalinity  of  to  y^-g-  of 
a gram-molecule  of  NaHO  or  Na.,C03  per  litre.  The  cholera  vibrio 
forms  alkali  on  sugar-free  media,  but  not  if  these  are  free  from  salt.  On 
nutrose  media  containing  sugars  the  cholera  vibrio  forms  acid  to  about 
the  same  extent  as  B.  coli,  but  acid  is  not  formed  on  media  conteining 
dulcite  or  erythrite  (28). 

The  Pathogenetic  Properties  of  the  Cholera  Vibrio. — Animal  experi- 
ments, in  so  far  as  their  aim  was  to  reproduce  a typical  cholei’aic  lesion, 
were  not  successful  in  Koch’s  hands ; nor  can  those  performed  by  Xicati, 
Rietsch,  and  van  Ermengem  be  considered  convincing.  Subcutaneous 
inoculations  and  feeding  led  to  no  result ; direct  inoculation  into  the 
duodenum,  with  or  without  previous  ligature  of  the  bile-duct,  frequently 
produced  fatal  diarrhoea  with  abundant  vibrios  in  the  dejecta,  but  since 
this  result  seemed  to  depend  to  a great  extent  on  intestinal  injuiy  they 
are  not  free  from  doubt.  Koch  himself,  indeed,  asserted  that  he  had 
induced  a cholex’aic  process  by  feeding  guinea-pigs  Avith  pure  cultures, 
after  previous  neutralisation  of  the  gastric  contents  and  injection  of 
tincture  of  opium  into  the  peritoneal  caAuty,  in  order  to  paralyse  the 
intestinal  peristalsis.  Yet  as  other  vibrios  act  in  the  same  manner,  these 
animal  experiments  ha^m  not  established  the  specifically  pathogenetic 
power  of  the  comma  bacillus.  The  sterile  products  of  choleraic  cultures 
administered  to  a guinea-pig  will  cause  distinct  intoxicative  symptoms 
or  death,  as  first  shewn  by  Nicati  and  Rietsch  ; these  symptoms,  howeA'er, 
do  not  differ  from  those  produced  by  many  other  bacterial  toxins. 
Experiments  on  man  have  contributed  towards  establishing  the  infective 
nature  of  the  cholera  vibrios.  Several  cases  are  on  I’ecord  where,  after 
swallowing  of  cultures  of  vibrios  purposely  or  accidentally,  severe 
symptoms  and  even  death  have  folloAved,  though  in  other  instances  the 
result  has  been  negative  or  only  very  slight.  Among  these  ai'e  the  fatal 
case,  in  Koch’s  laboratory,  of  a physician  Avoi’king  Avith  cholera  cultures; 
the  fatal  case  of  Dr.  Orgel,  of  Hambui'g,  aa4io  accidentally  sAvalloAV'ed 
some  cholera  material  from  a post-mortem  on  a guinea-]hg  ; and  the 
celebrated  cases  of  Petteid^ofer  and  Emmerich,  Avho  purposely  sAvalloAvcd 
cultures.  The  former  suffered  from  diarrhoea  only,  Avhile  the  latter  had 
a character-istic  and  almost  fatal  attack  of  cholera.  Other  cases,  it  is  true, 
are  on  record  in  Avhich  no  result  has  folloAved  the  SAAmlloAving  of  cultures, 
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l>iit  against  the  positive  cases  they  can  hardly  stand  as  of  preponderating 
value,  for,  among  other  things,  there  is  no  proof  that  in  these  cases 
virulent  cultures  were  used. 

We  must  also  point  out  that  Haft'kine’s  (13)  anticholcraic  vaccinations 
in  India  contiibuted  much  to  estal)lish  this  hypothesis.  Hali'kinc  was 
firmly  convinced  that  the  cause  of  cholera  was  one  variable  vibrio ; and 
for  the  i)i;rpose  of  vaccination  he  used  living  cultures  of  that  which  he  con- 
sidered to  be  the  choleraic  vibrio.  He  originally  prepared  two  vaccins, 
a Aveakened  first  virus,  and  a strengthened  second  virus ; so  that  the 
principle  of  his  inoculation  was  the  same  as  that  practised  in  the  case  of 
anthrax.  Thus,  in  Calcutta  he  found  that  the  mortality  among  the 
inoculated  Avas  17‘24  times  less,  and  the  incidence  of  cholera  19  27  times 
less,  than  among  the  non-inoculated.  The  proof  of  the  specificity  of  the 
cholera  vibrio  is,  as  Ave  shall  see,  founded  on  other  facts ; it  is,  hoAvevcr, 
important  to  bear  in  mind  the  pathogenetic  action  of  the  true  cholera 
vibrio  on  pigeons.  Though  the  distinction  is  not  absolute,  yet  it  may 
fairly  be  s<aid  that  a vibrio  Avhich  is  pathogenetic  for  pigeons  by  intra- 
muscular injection  is  probably  not  cholera. 

Lthller  demonstrated  that  the  cholera  vibrio  possesses  a single  terminal 
fiagcllum,  non-choleraic  vibrios  may,  hoAvever,  possess  several.  Of  more 
interest,  hoAvever,  is  a peculiar  chemical  reaction  Avhich  Koch  pronounced 
to  be  characteristic,  the  so-called  cholera-red  reaction.  On  adding  pure 
hydrochloric  or  sulphuric  acid  to  a culture  in  peptone  solution  or  in  pep- 
tone broth,  a pink  or  red  colour  (cholera-red)  appears.  This  reaction  Avas 
discovered  by  Pbhl,  BujAvid,  and  Dunham  in  1886  and  1887,  and  Avas 
explained  by  SalkoAvski,  Avho  at  the  same  time  proved  it  to  be  of  no 
specific  value.  Wherry  (38)  draAvs  a distinction  betAveen  the  purjile  “ indol 
reaction  ” and  the  vermilion  coloured  “cholera-red  reaction.”  The  formation 
of  cholera-red  only  takes  place  during  the  reductio>^  of  a nitrate-containing 
medium.  Thus,  Avhile  a peptone  solution  dialysed  free  from  nitrite  Avill 
give,  after  the  groAvth  of  cholera  viljrios,  a deep  purple  indol  reaction  on 
. the  addition  of  pure  sulphuric  acid,  the  cholera-red  A’ermilion  colour  is 
not  produced.  If,  hoAvever,  a trace  of  nitrate  be  originally  added  to 
the  medium,  the  cholera-red  reaction  is  obtained  be.st  after  a fcAv  daj’s’ 
groAvth.  The  test  should  then  be  performed  in  this  Avay,  viz. : To  a 
peptone  .solution  dialysed  free  from  nitrites  O’l  per  cent  of  NaKO.j  is 
added.  The  cholera  organism  is  groAvn  in  10  c.c.  of  this  medium  for 
f|  three  days,  and  then  0'5  c.c.  of  pure  sulphuric  acid  is  added.  ith 

^ regard  to  the  diagnostic  importance  of  this  test  avc  may  say  that  a vibrio 

( Avhich  does  not  respond  to  the  test — under  conditions  Avhei'e  a true 

i)|  cholera  vibrio  does — is  not  cholera. 

The  result  of  much  labour  and  argument  expended  on  the  attempt 
<1  to  find  .satisfactory  distinctive  characters  of  cholera  has  not  proved  suc- 

‘‘I  cessfnl,  but  there  remain  other  methods.  Pfeifl'er,  Avho  never  doubted 

il  the  correctness  of  Koch’s  observations  and  deductions,  recognising,  never- 

I theless,  that  none  of  the  proposed  tests  vouchsafe  a ceitain  diagnosis, 

■ 1 introduced  a novel  method  of  distinguishing  betAveen  true  and  false 
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cholera  vibrios.  It  was  based  on  the  fundamendil  proposition  expressed 
by  Behring,  that  the  serum  of  a protected  animal  is  specific  in  its  action  ; 
that  is,  if  injected  into  an  animal  it  confers  on  it  an  immunity  only  from 
the  lesion  against  which  the  original  animal  had  been  protected.  Pfeitter, 
therefore,  rendered  animals  proof  against  a cholera  vibrio,  and  then  used 
their  serum  as  a test.  Its  action  being  specific,  the  serum  can  counteract 
tlie  effects  of  one  species  of  viljrio  only,  and  must  be  impotent  against 
all  others.  His  method  of  procedure  is  as  follows  : — 

PfeiO'er’s  Phenomenon. — A serum  must  be  used  which  is  of  high 
immunising  value,  e.g.  at  least  0’0002  gramme  of  the  serum  must  pro- 
tect a guinea-pig  on  injection  of  a mixture  of  1 loop  (2  mg.)  of  a culture 
of  constant  virulence  (y\j-  of  a loop  = minimal  lethal  dose)  distributed  in 
1 c.c.  of  broth.  The  injection  is  made  intraperitoneally  Avith  a l)lunt 
cannula  into  guinea-jhgs  (200  grammes).  If  the  I’caction  is  now  positive, 
the  vibrios  are  transformed  into  pale  spherical  bodies  AAdiich  eventually 
are  com])letely  dissolved,  and  the  animal  survives.  If  it  is  negative,  the 
vibrios  multiply  and  the  animal  dies.  The  progress  of  the  reaction  is 
determined  from  time  to  time  by  taking  out  samples  of  the  peritoneal 
contents  by  means  of  capillary  pipettes.  Such  a serum  can  be  prepared 
by  injecting  rabbits  with  sterilised  cultures  of  virulent  vibrios ; thus,  by 
intravenous  injections  of  1 loop,  3 loops,  5 loops  at  Aveekly  intervals,  a 
I)otent  serum  is  obtainable  seven  days  after  the  last  injection.  Besides 
this  method  there  is  the  complementary  one  of  agglutination. 

Agglutination  T’t’s/.— While  Pfeiffer’s  test  depends  upon  the  property 
of  an  homologous  serum  in  producing  a bactericidal  or  cytolytic  effect, 
here  the  reaction  is  one  of  agglutination  or  agglomeration,  and  depends 
upon  the  law,  the  evidence  for  which  Ave  shall  consider  later,  that  the 
true  cholera  vibrio  is  only  agglomerated  by  a serum  obtained  by  immunisa- 
tion AAuth  a true  cholera  vibrio. 

The  method  of  applying  it  in  diagnosis  Ave  shall  refer  to  later;  Ave 
may  here  describe  in  a general  AA’ay  the  mode  of  performing  the  operation. 
The  serum  is  diluted  Avith  perfectly  clear  filtered  salt  solution  (0'8  per 
cent)  in  various  dilutions,  ranging  from  1:50  to  1:2000.  One  cubic 
centimetre  of  each  solution  is  poured  into  a small  test-tube,  and  then  one 
loop  (2  mgm.)  of  culture  is  rubbed  up  in  each  and  thoroughly  mixed. 
The  tubes  are  kept  for  one  hour  at  37"  C.,  and  if  the  reaction  is  positive 
agglomeration  or  clumping  should  be  evident  to  the  naked  eye. 

We  shall  noAv  discAiss  the  CA’idence  upon  Avhich  Ave  hold  that  these 
tAA'o  tests  are  satisfactory,  and  indeed  the  only  satisfactory,  ones  foi‘  detei’- 
mining  Avhether  a vibrio,  Avhatever  be  its  source,  is  or  is  not  a true  cholera 
vibrio.  The  evidence,  as  Ave  shall  see,  is  not  based  upon  theoretical  argu- 
ments as  to  the  character  of  such  reactions  as  these, viz., the  bactericidal  and 
agglutinating  properties  of  an  immune  serum ; but  is  based  upon  the 
result  of  a very  exhaustive  comparison  of  vibrios  from  many  sources  tested 
by  these  means.  Thus,  Kolle  and  Gotschlich  liaA^e  made  elaborate  com- 
parisons of  vibrios  isolated  from  73  cases  of  “cholera”  in  Egypt;  of 
these  59  Avere  true  cholera  according  to  the  tests  mentioned  aboA'^e ; 2 
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gave  a mixture  of  cholera  vibrio  and  a cholera-like  vibrio;  14  gave 
■\  ibrios  which  were  not  cholera,  and,  moreover,  and  this  is  an  impoitant 
point,  they  all  differed  from  one  another  except  '1,  and  it  is  also  ini})ortant 
to  note  that  the  cases  from  which  these  2 were  isolated  had  no  connexion 
with  one  another.  With  regard  to  the  epidemiology  of  the  cholera-like 
vibrios,  in  4 cases  there  was  no  history,  in  6 the  cases  were  clinically  and 
epidemiologically  pi'obabl}'  not  cholera,  while  in  the  remaining  7 they 
were  clinically  and  epidemiologically  true  cholera  (and  indeed  from  other 
cases  in  the  same  families  true  cholera  vibrios  had  been  isolated),  and  from 
2 of  these  cholera  vibrios  as  well  as  cholera-like  A'ibrios  had  been  isolated. 
Further,  of  these  1 G cholera-like  vibrios  5 had  several  flagella,  whereas 
true  cholera  has  only  one,  1 was  non-motile,  3 were  fatal  to  pigeons  on 
intramuscular  injection  resembling  in  this  respect  mefrhnikori,  which  is 
not  a true  cholera  vibrio,  while  7 others  diliered  morphologically  and  on 
gelatin  plates  from  the  true  cholera  vibrio  and  from  one  another.  So 
that  from  these  characters  alone  these  vibi-ios  were  probably  not  cholera. 
Further,  the  evidence  against  cholera-like  vibrios  being  causally  connected 
with  cholera  lies  in  (1)  that  they  occur  among  cases  clinically  and  epi- 
demiologically not  suspected  of  being  cholera  ; (2)  that  the  cases  in  Avhich 
they  are  found  have  no  epidemiological  connexion  Avith  one  another;  (3) 
that  they  differ  among  themselves.  To  consider  now  the  evidence  based 
upon  serum  - tests  upon  Avhich  Ave  can  declare  Avith  certainty  Avhether  a 
vibrio  is  the  cholera  vibrio  or  not.  Of  59  vibrios  isolated  from  cases 
Avhich  clinically  were  cholera  all  behaved  in  exactly  the  same  Avay  to  the 
serum-tests ; that  is  to  say,  they  all  suffered  dissolution  on  intraperi- 
toneal  injection,  and  Avcre  agglutinated  in  vitro  by  a serum  prepared  from 
a true  cholera  vibrio,  and,  moreover,  they  all  reacted  in  the  same  Avay  to 
a serum  prepared  from  any  one  of  their  number ; Avhile,  fiu'ther,  none  of 
them  i-eacted  Avith  a serum  prepared  from  any  of  the  16  cholera -like 
vibrios,  nor  did  any  of  the  16  cholera-like  vibrios  react  Avith  a serum 
prepared  from  any  of  the  cholera-like  vibrios.  So  that  the  specificitij  of 
the  reaction  is  absolute,  and  is  reciprocal  betAveen  any  tAvo  true  cholera 
vibrios  and  their  seruims.  These  experiments,  then,  the  result  of  many 
hundreds  of  combinations  between  vibrio  and  serum,  may  be  summed  uj) 
as  follows — (1)  Every  true  cholera  vibrio  reacts  Avith  a true  cholera  serum  ; 
(2)  No  true  cholera  A'ibrio  reacts  Avith  a cholera-like  serum  ; (3)  No  cholera- 
like vibrio  reacts  Avith  a cholera  serum  ; (4)  Every  cholera  vibrio  reacts 
Avith  its  OAvn  and  homologous  serums,  but  not  Avith  others.  There  is  no 
fjuestion  in  these  reactions  of  the  occurrence  of  a group-reaction,  for 
cholera-like  organisms  Avere  not  more  influenced  by  cholera  serums  than  by 
normal  serums.  It  may  be  argued,  hoAvever,  that  even  granting  that  this 
test  is  true,  it  does  not  disproA^e  that  the  16  vibi  ios  Avere  not  likcAvise  the 
cause  of  “ cholera.”  But  against  such  a vieAv  Kolle  and  CTotschlich  urge, 
and  rightli''  so,  that  these  Aubrios  differed  among  themselves  and  occur  in 
a fcAv  cases  only,  Avhile  in  59  cases  vibrios  identical  among  themselves 
Avere  isolated,  and  also  there  is  the  fact  that  these  cholera-like  vibrios 
cannot  be  isolated  in  pure  culture  l)y  direct  inoculation,  e.g.  of  agar 
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plates,  as  is  jwssible  with  the  true  cholera  vibrio,  but  can  only  be  found 
by  the  peptone  method  {mdv  p.  457).  e have  already  mentioned  the 
epidemiological  evidence  against  any  catisal  connexion  between  cholera- 
like vibrios  and  cholera ; the  former  probably  occur  simply  as  accidental 
concomitant  sa[)rophytes. 

V\talH[j  of  the  Cholera  Vibrio. — -The  specific  germs — Koch’s  comma 
bacilli — are  shed  in  the  stools  from  the  body  during  the  first  days  of  the 
disease  ; and  only  these,  or  matter  contaminated  by  them,  as  for  instance 
the  bed-linen,  vessels,  latrines,  soil  or  drinking- watei',  can  be  sources  of 
infection.  Since  the  vibrio  is  readily  destroyed  by  drying,  only  freshly- 
contaminated  objects  are  dangerous.  Yet  it  has  been  shewn  that  the 
vibrio,  when  kept  moist,  may  retain  its  vitality  for  a considerable  time. 
(a)  These  organisms  may  find  an  abode  in  persons  actually  or  apparently 
healthy.  Thus,  during  the  winter  epidemic  of  1892-93  the  presence 
of  Koch’s  vibrio  was  demonstrated,  in  the  Hamburg  Hygienic  Institute, 
in  twenty  - eight  healthy  persons ; and  also  in  the  case  of  certain 
families  similar  observations  were  made.  These  twenty-eight  persons 
had  been  in  contact  with  cholera  patients,  and  their  stools  were  solid  or 
semi-solid.  Abel  and  Clausseu  found  vibrios  in  the  fieces  of  13  out  of 
1 7 healthy  persons  who  had  been  in  daily  intercourse  with  cholera 
patients,  (b)  In  the  stools  of  convalescents  from  cholera  vibrios  were 
found  after  50,  47,  27,  16,  10,  and  8 days;  and  (c)  it  has  been  shewn 
that  they  may  remain  alive  and  capable  of  proliferation  in  choleraic 
dejecta  for  as  long  as  a month,  but  that,  as  a rule,  they  cannot  he 
isolated  after  a few  days,  (d)  In  ordinary  milk  it  survives  12  hours 
to  6 days  ; on  fruit  and  fish  for  some  days,  the  duration  depending  on 
the  acidity  of  the  media  and  the  occurrence  of  other  antagonistic  sapro- 
phytes. (e)  The  vibrios  are  soon  killed  by  drying,  a few  hours  being 
sufficient  if  the  layer  of  vibrios  is  thin.  Here,  again,  the  results  are 
divergent  according  to  the  mode  of  conducting  the  experiment.  (/)  Even 
severe  degrees  of  cold  can  be  resisted,  e.g.  a temperature  of  - 15°  C.  for 
not  longer  than  59  days  (Brehme),  while  at  - 20°  C.  they  do  not  survive 
beyond  a maximum  of  8 days  (Abel),  (y)  Their  resistance  to  acids 
depends  upon  various  conditions.  In  ]mre  water  vibrios  are  killed  by 
hydrochloric  acid  in  0'05  per  cent  solution  in  C minutes,  while  in 
the  presence  of  pepsin,  acicl  in  0’019  per  cent  solution  is  fatal.  If, 
however,  the  fluids  contain  albumin  or  peptone,  acid  to  the  extent  of 
0'097-0‘217  per  cent  is  necessary,  and  the  acid  must  act  for  1 hour. 
By  drinking  GOO  c.c.  of  water  on  a fasting  stomach  and  siphoning  off  the 
contents  in  a quarter  of  an  hour,  a fluid  with  an  acidity  of  0'03  per  cent 
HCl  is  obtained,  Avhich  kills  vibrios  in  15  minutes.  Vibrios  are  killed 
by  an  exposure  to  a temperature  of  56°  C.  in  about  an  hour;  the  exact 
temperature  and  duration  of  exposure  necessary  varying  with  the  con- 
ditions of  the  experiment,  (h)  In  water  they  remain  alive  for  many  days  ; 
in  sterile  distilled  water,  however,  for  only  24  hours,  while  in  natural 
waters  their  life  probably  extends  to  weeks  or  months.  Oi-gel,  indeed, 
succeeded  in  keeping  them  alive  in  ordinary  Elbe  water  for  almost  a year. 
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Cholera  Toxin. — Experiments  made  with  a view  of  determining 
whether  cholera  vibrios  give  rise  to  a soluble  toxin  have  proved  con- 
tradictoiy.  Kolle  and  ^\  assermann,  for  instance,  found  that  the  filtrates 
of  cultures  one  to  five  days  old  had  no  toxic  action,  l)ut  that  cultures 
some  months  old  afforded  a toxin  which  resembled  in  action  ptomaines 
but  not  that  of  a choleraic  intoxication.  On  the  other  hand,  Metchnikofl' 
and  Koux,  by  growing  vibrios  in  collodion  sacs  in  the  peritoneal  cavity  of 
guinea-pigs  and  then  on  special  media,  stated  that  they  procured  a 
soluble  toxin  and,  moreover,  obtained  also  an  antitoxin.  These  re.sidts 
have  not,  so  far,  been  confirmed,  and  at  the  present  time  it  is  considei'ed 
that  the  toxin,  as  we  know  it,  is  simply  the  intracellular  toxin  set  free 
by  tlie  death  and  solutioTi  of  the  vil)rio.  It  is  chiefly  through  using  this 
intracellular  toxin  that  attempts  have  been  made  to  give  rise  to  immu- 
nising bactericidal  serums  in  the  blood  of  those  inoculated.  We  need  not 
here  consider  at  length  these  various  vaccins,  because,  though  some  are 
in  actual  use,  yet  they  undoubtedly  require  much  improvement  before 
they  can  l>e  considered  to  be  of  considerable  therapetitic  value. 

Immune  %%v\xm%.—llaffkineh  method  of  protection  consists  in  inocula- 
tion with  two  viruses.  T'he  attenuated  virus  was  got  by  growing  vibrios 
.at  39°  C.  in  bouillon,  over  Avhich  a constant  cun-ent  of  air  Avas  passed.  The 
powerful  virus  Avas  obtained  by  frequent  passage  through  the  peritoneal 
cavity  of  guinea-pigs,  and  Avas  termed  the  fixed  virus.  Inoculations  are 
done  in  tAvo  stages.  First,  OT  to  0'5  c.c.  of  a 24-hour  agar  tube  suspended 
in  bi’Oth  is  injected  subcutaneously.  Secondly,  three  to  eight  days  later, 
the  same  amount  of  the  A'irulent  cidture  is  injected.  The  cultures  may 
be  previously  steidlised  by  the  addition  of  0‘5  per  cent  carbolic  acid. 

Kolle’s  Jhethod. — An  agar  culture  of  about  20  milligrammes  of  groAvth 
is  suspended  in  10  c.c.  of  salt  solution,  and  sterilised  for  a fcAv  minutes  at 
50°  C.,  to  this  0'5  per  cent  carbolic  acid  solution  is  then  added.  The 
dose  consists  of  1 c.c.  of  the  solution — equiAuilent  ./O  2 milligrammes  of 
culture.  The  bactericid.al  value  of  the  patient’s  serum  obtained  l)y  this 
method  is  200  times  as  great  as  before  treatment.  Thus,  Avhile  before 
inoculation  0‘G  grammes  of  the  patient’s  serum  Avas  necessary  to  ])iotect 
guinea-pigs  against  ten  times  the  fatal  dose  of  vibilos,  after  inoculation 
only  0'003  A\-as  required.  By  this  means,  then,  the  patient’s  serum  has 
acquired  a bactericidal  value  of  3 milligrammes,  Avhile  the  protective  action 
of  the  serum  of  a patient  conA-alescent  from  cholera  is  only  equal  to  10 
milligrammes,  i.e.  more  than  three  times  as  Aveak. 

Sfrnnffs  Method. — Strong,  starting  from  the  hy^Aothesis  that  in  order  to 
procure  an  immunising  serum  of  high  value  it  is  necessary  to  have  a 
solution  containing  as  many  free  combining  groups  (receptors)  of  the 
vibrionic  molecule  as  possible,  devised  methods  by  Avhich  this  could  be 
brought  .about.  The  cholera  vibrios  among  other  constituents  have  a 
peptoni.sing  ferment  Avhich  is  not  killed  by  heating  to  G0°  C.  Strong 
found  that  by  digesting  at  37°  cultures  previously  killed  and  knoAvn  to 
possess  good  peptonising  qualities,  abundance  of  receptors  Avere  set  free. 
The  presence  of  these  is  sheAvn  by  their  poAver  of  binding  uniceptors 
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(agglutinins)  and  amboceptors  (bacteriolysins)  in  a cholera  immune  sernin. 
Th^e  actual  methoil  employed  was  to  take  large  quantities  of  agar  cidtures, 
suspend  them  in  salt  solution,  sterilise  at  60°  C.,  and  then  digest  (auto- 
lysis) at  37°  for  2-5  days.  The  solution  is  then  filtered,  and  the  filtrate 
used  for  procuring  cholera  immune  serums.  3 - 4 c.c.  of  this  vaccin 
inoculated  into  rabbits  produced  a serum  with  a bactericidal  value  of  as 
high  as  0'25  milligrammes,  i.e.  12  times  as  powerful  as  that  produced  Iw 
Kolle’s  method.  This  vaccin  has  not  as  yet  been  sufficiently  tried  on 
man.  In  the  case  of  Haffkine’s  and  Kolle’s  vaccins  and  other  modifications, 
e.g.  Murata’s,  good  results  are  on  recoial,  and  it  is  possible  that  really  efficient 
vaccins  may  be  obtained  by  some  such  method  as  that  just  described. 

Summary. — If  we  now  review  shortly  our  position  with  regai-d  to 
the  bacterial  etiology  of  cholera,  we  find  that  (1)  vibrios  of  a particular 
kind  are  so  constantly  associated  with  the  disease  that  their  absence  may 
justly  be  taken  as  an  error  in  observation  ; (2)  vibrios  are  frequently 
found  ill  pure  culture  to  the  exclusion  of  other  organisms ; (3)  none  of 
the  various  cultural  tests,  taken  singly,  suffice  to  e.stablish  specificity  of 
vibrio,  but  these,  taken  together  with  the  reactions  to  a specific  serum, 
make  the  nature  of  the  isolated  vibrio  certain,  and  that  such  a vibrio  is 
the  cause  of  cholera  there  can  hardly  be  any  doubt  at  the  present  day. 

We  shall  conclude  this  account  with  directions  to  guide  the  physician 
in  the  bacteriological  diagnosis  of  cholera ; but  we  must  premise  that, 
comparatively  simple  as  this  is  in  skilled  hands,  it  cannot  be  undertaken 
by  persons  unfamiliar  with  bacteriological  methods. 

Bacterial  Investigation  of  Bowel  - Contents  and  of  Dejecta. — 

1.  A microscopic  examination  of  fresh  and  stained  specimens  is  ad- 
visable. For  staining  use  Jilute  carbol-fuchsin  (1  : IOH.,0).  An  examina- 
tion of  the  “ rice  ” particles  will  often  reveal  vibrios  in  pure  culture. 

2.  Inoculate  a drop  of  peptone.  Keep  for  half  an  hour  at  37°  C. 
Examine  for  vibrios.  They  may  be  detected  when  not  originally  seen. 
These  are  merely  preliminary  but  useful  tests,  and  recourse  must  be  had 
to  a systematic  and  thorough  examination.  Detection  may  be  in  some 
cases  easy,  in  others  difficult,  so  that  all  possible  methods  should  be 
adopted  ; these,  however,  may  be  modified  according  to  the  results  of 
microscopical  examination. 

3.  Gelatin  Plates. — Starting  with  a loopful  of  slimy  matter,  make 
dilutions  and  pour  out  two  sets  of  three  or  four  dilutions  each.  Incubate 
at  22°  C.  for  18  hours.  Make  impression  specimens  or  examine  suspicious 
colonies.  Make  sub-cultures  on  agar  and  peptone. 

4.  Agar  Plates. — The  agar  is  poured  out  into  the  plates  and  then 
dried — with  the  cover  of  the  plate  removed — at  37°  C.  for  half  an  hour. 
A loopful  of  slime  is  stirred  up  in  5 c.c.  of  broth,  and  the  surface  of 
each  plate  is  carefully  smeared  with  a loopful  of  this  fluid.  Di-y  again 
the  uncovered  plates  at  37°  C.  for  half  an  hour,  then  incubate,  ami 
examine  in  12  to  18  hours.  By  this  means  superficial  isolated  colonies 
can  be  got.  Cholera  colonies  have  by  reflected  light  a peculiar  trans- 
parency, but  they  cannot  be  distinguished  from  cholera-like  colonies. 
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Peptone  “ Pnrichintj  Method.” — This  method,  originally  introduced  by 
Schottelins,  is  by  f:ir  the  most  important  method  of  examination  for 
vibrios,  and  should  on  no  account  be  omitted.  Inoculate  six  tubes  con- 
tiiining  each  10  c.c.  of  peptone  with  a loopful  of  material.  In  6 to  1 2 
hours  examine  the  tubes,  especially  those  with  any  pellicle -fonnation. 
^lake  sub-cultures  into  further  peptone  tubes,  also  gelatin  and  agar 
plates.  Further,  to  50  c.c.  of  peptone  solution  add  1 c.c.  of  fieces,  and 
then  proceed  as  before. 

If  by  any  of  these  methods  a pure  culture  of  vibrios  has  been  isolated, 
the  culture  must  now  be  tested  with  a view  of  determining  whether  it  is 
true  cholera  or  not. 

Preliminitrij  Test. — This  may  also  with  advantage  be  used  during  the 
process  of  investigating  .suspicious  colonies.  A specific  serum  with  an 
agglutinating  value  of  about  1 : 10,00u  for  t-ue  cholera  is  necessary.  This 
is  diluted  with  0 8 per  cent  salt  solution  to  1:500.  A trace  of  the 
colony  is  now  rubbed  up  in  a drop  of  this  dilution  and  incubated  as  a 
hanging  drop  at  37°.  In  twenty  minutes  at  least  agglomeration  should 
be  evident  to  the  naked  eye  or  low  magnification.  A control  with  normal 
sernni  in  ten  times  the  concentration  should  be  negative.  If  there  is  no 
agglomeration  in  the  hanging  dro2J  the  colony  is  almost  certainly  not 
cholera. 

Quantitative  Test. — This  is  apidicable  where  the  isolated  or  ])ure  culture 
agrees  Iti  morphology,  growth,  etc.,  with  ti-ue  cholera.  Dilutions  of  the 
specific  cholera  serum  are  made  in  strengths  from  1 : 50  to  1 ; 2000.  (A)  1 

c.c.  of  each  dilution  is  taken  and  1 loopful  of  culture  rubbed  up  in  each 
tube.  (B)  The  same  is  done  using  a known  cholera  culture.  (C)  Further, 
a control  is  made  using  normal  serum  from  the  same  species  of  animal  as 
the  specific  serum,  the  concentration  being  ten  times  as  great ; to  this  is 
added  the  culture  to  be  tested.  (A)  and  (B)  should  agree;  (C)  if 
agglutination  occurs  at  all  it  should  only  be  in  t.ie  very  highest  con- 
centrations. With  the  results  of  this  quantitative  test  Pfeiffer’s  ^dieno- 
menon  should  now  agree. 

Pfeiffer’s  Phenomenon. — A specific  serum  must  be  used  of  the  value  of 
at  least  0'0002  gramme.  The  following  mixtures  are  then  made.  (A) 
5 times  the  unit  dose,  i.e.  1 mgm.  serum  -i-  1 loop  of  suspected  culture  + 

1 c.c.  broth;  (B)  10  times  the  unit  do.se,  i.e.  2 mgm.  of  serum -i-  1 looj) 
of  culture  -f  1 c.c.  broth ; (C)  50  times  the  unit  dose,  i.e.  1 0 mgm.  of 
normal  serum  + 1 loop  culture  -f  1 c.c.  broth  ; (D)  | looj)  of  culture  only 
+ 1 c.c.  broth.  These  mixtures  are  injected  respectively  intrapcritoneally 
into  four  guinea-pigs  (200  grammes).  If  the  culture  is  cholera,  then  (A) 
and  (B)  should  shew  a positive  reaction  in  20  minutes,  at  latest  1 hour. 
(C)  and  (D)  should  give  a negative  reaction. 

Investigation  of  a Suspected  J Pater. — To  10  flasks  each  of  1 00  c.c.  of  H.d), 
add  10  c.c.  of  10  jDer  cent  j^eptone  solution,  making  the  solution  now 
contain  1 per  cent  peptone.  Incubate  at  37°  C.  Examine  for  ]3elliele- 
formatibn,  and  proceed  as  before. 


J.  W.  Stephens. 
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AIorbid  Anatomy 

Tlie  morbid  changes  disclosed  by  post-mortem  inspection  of  cholera 
cases  vary  with  the  stage  of  the  disease  at  which  death  took  place.  As 
a general  rule  alterations  in  blood  distribution  are  the  most  })rominent 
feature  of  early  deaths.  Epithelial  disorders  of  mucous  tracts  and 
evidences  of  glandular  irritation  occur  later ; and  in  more  protracted 
cases,  indications  of  more  serious  structural  changes — inflammatory  or 
necrotic — may  be  seen.  The  morbid  anatomy  of  typical  cliolera  is 
characteristic  and  constant.  The  surface  of  the  body  retains  the 
lieculiarities,  shrivelling  and  lividity,  manifested  during  life.  Post-mortem 
rigidity  appears  early  and  lasts  long.  In  some  cases  muscular  contractions 
occur  soon  after  death  and  cause  distortions  of  the  body.  Post-mortem 
rise  of  temperature  has  also  been  observed. 

The  digestive  tract  reveals  signs  of  grave  disorder,  which  are  usually 
most  marked  towards  the  termination  of  the  ileum.  The  stomach  is 
generally  empty ; its  lining  membrane  is  usually  congested,  the  degree 
of  hyperamiia  varying ; ecchymoses  are  occasionally  seen,  and,  rarely, 
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ha'iiiorrhage  into  the  cavity ; a state  of  catarrhal  inflamniatioii  is  some- 
1 times  found  ; the  contents  may  be  acid,  neutral,  or  alkaline ; the  dno- 
deunm  and  jejunum  usually  exhibit  hyper<emia,  either  contimions  or 
patchy,  arborescent  or  capillary.  The  lining  membrane  is  generally 
swollen  and  sodden,  and  a pulpy  material  can  l)e  scraped  off  it,  which 
consists  mostly  of  granular  cells  and  amorphous  protoplasmic  masses. 
Enlargement  of  Brunner’s  glands  has  been  described  (Cfriesinger),  and 
denudation,  often  extensive,  is  frequently  seen.  Whether  this  shedding 
of  epithelium  be  the  result  of  a necrotic  process  during  life  or  a ]»ost- 
mortem  detachment  is  a subject  of  doubt  and  dispute.  The  ileum  shews 
similar  changes,  but  especially  the  last  twelve  or  eighteen  inches.  The 
solitary  glands  are  enlarged,  and  stand  out  prominently,  and  Beyer’s 
patches  are  congested  and  swollen.  This  portion  of  the  gut  may  also 
be  covered  with  a croupous  or  diphtheritic  pellicle,  more  or  less  adherent 
to  the  surface,  and  Hoceulent  processes  may  pi'oject  into  the  lumen  of 
the  tube,  and  may  occasionally  fill  and  obstruct  it.  Sepai'ation  of  this 
material  may  give  I’ise  to  excoriation  or  even  to  ulceration.  Ecchymoses 
of  the  walls  and  htemorrhages  into  the  cavity  of  the  small  intestine 
sometimes  occur.  The  large  intestine  is  generally  less  seriously  diseased 
than  the  small.  Congestion  and  catarrhal  inflammation  may  occur,  and 
in  rare  cases  ulceration  giving  rise  to  haemorrhage.  The  walls  of  the 
intestinal  tube  are  generally  thickened,  and  the  lumen  contracted.  The 
peritoneal  surface  is  injected,  and  presents,  as  Sir  S.  Wilks  observed,  a 
characteristic  rosy  colour.  The  peritoneal  cavity  contains  no  fluid.  The 
mesenteric  glands  are  enlarged,  hyperaemic,  and  infiltrated  with  a whitish 
granular  exudation  (Aitken). 

The  ccmtevts  of  the  intestines  vary  in  quantity  according  to  the  amount 
' of  vomiting  and  purging  during  life ; they  vary  in  quality  according  to 
the  stage  and  intensity  of  the  disease.  The  cholera  stool  is  a turbid, 
grey  or  greyish-white  liquid,  resembling  water  in  wnich  rice  has  been 
boiled.  On  standing,  a granular,  curdy,  or  flaky  material  subsides, 
leaving  a whey- like  supernatant  fluid.  The  reaction  of  the  material  is 
alkaline,  and  its  specific  gravity  from  1005  to  1015.  The  material 
found  in  the  intestines  after  death  resembles  the  sediment  which  settles 
from  the  evacuations  passed  during  life.  The  solid  elements  in  a motion 
1 amount  to  from  10  to  30  parts  per  1000,  the  soluble  salts  from  5 to  10, 

I and  albumin  and  extractives  from  2 to  20  (Barkes).  The  amount  of 
albumin  is  small,  but  of  salts — sodium  and  potassium  chloride,  sodium 
I phosphate,  carbonate,  and  sulphate — considerable.  Nitric  acid  sometimes 

gives  a red  reaction.  Considered  as  a derivative  from  the  l)lood  the 
cholera  evacuation  accounts  for  a large  loss  of  watei-,  a lai-gc  loss  of 
I soluble  salts,  and  a moderate  loss  of  albumin  and  animal  matter. 

The  microscopy  of  the  intestinal  discharges  and  contents  has  been  the 
I subject  of  laborious  investigations.  The  objects  found  are  embraced  in 
: the  following  categories  : — 

1.  Debris  of  food. 

2.  Eesults  of  epithelial  proliferation  and  glandular  irritatiou  — 


460 


SVSrJiA/  OF  MEDICINE 


amorphous,  granular,  and  protoplastic  masses,  granular  cell-forms,  and 
cloudy  epithelia.  The  amount  of  epithelial  cells  found  in  the  contents 
after  death  exceeds  that  discovered  in  the  stools  during  life. 

3.  Red  blood -cells  and  leucocytes.  Much  of  the  protoplasmic 
granular  material  which  forms  so  large  a proportion  of  the  solid 
constituent  of  the  stool  is  held  to  be  derived  from  changes  which  ha-\e 
taken  place  in  white  cells  that  have  migrated  from  the  Idood  (Lewis). 

4.  Organisms  ; some  peculiar  to  cholera,  othei’S  incidental  to  it.  The 
bacteriology  of  the  disease  has  been  already  described. 

The  liver  is  generally  affected  Avith  venoiis  congestion,  the  eolour 
being  dark,  and  venous  blood  escaping  on  section.  The  gall-bladder  is 
full  of  bile,  which  in  later  stages  is  thin  and  watery.  Shedding  of  the 
epithelium  of  the  bile-ducts  has  been  described.  There  is  no  mechanical 
impediment  to  the  discharge  of  bile  through  the  ducts. 

The  spleen  is  not  enlarged ; on  the  contrary,  it  presents  signs  of  con- 
traction and  expulsion  of  liquid. 

The  kidneps  exhibit  evidence  of  graA'e  pathological  disturbance.  They 
are  increased  in  size  and  much  congested.  Ecchymotic  spots  and  patches 
are  sometimes  seen  beneath  the  capsule  and  throughout  the  parenchyma. 
The  tubes  are  blocked  Avith  a granular  material.  The  epithelial  cells  are 
cloudy  and  SAvollen,  and  in  later  stages  fatty.  In  advanced  cases  the 
tubes  are  devoid  of  epithelial  covering.  The  cells  undergo,  in  fact,  an 
acute  process  of  degeneration  and  destruetion. 

The  state  of  the  urine  accords  Avith  these  conditions.  The  excretion 
■ is  at  first  suppressed,  then  scanty,  of  high  specific  gravity,  albuminous, 
and  containing  casts — epithelial,  granular  and  hyaline ; and  ultimately, 
in  prolonged  cases,  abundant  in  quantity.  Avatery,  and  devoid  of  albumin. 
The  proi)ortion  of  saline  materials  is  greatly  diminished  in  the  urine  of 
cholera,  and  of  urea  someAvhat.  Indican  is  a conspicuous  constituent 
(Crombie).  Bright’s  disease  is  a i-are  sequel  of  cholera.  Temporary 
glycosuria  is  sometimes  met  Avith.  The  bladder  is  generally  empty 
and  firmly  contracted  in  cases  fatal  early  in  the  disease. 

'fhe  circulatori/  system  and  blood  undergo  serious  and  characteristic 
changes.  The  heart  is  not  altered  in  structure,  but  in  some  cases  hamior- 
rhagic  spots  and  patches  may  be  observed.  The  right  cavities  are  generally 
distended  Avith  dark  tarry  blood ; the  left,  as  a rule,  are  empty.  The 
distension  extends  into  the  vense  cavm,  and  into  the  pulmonary  arteiles 
as  far  as  the  lungs.  In  a considerable  proportion  of  cases  Avhite  clots  are 
found  in  the  right  cavities,  and  extending  into  the  pulmonary  arteries ; 
detached  thrombi  have  also  been  found  in  the  latter.  Detachment  of 
the  epithelium  of  the  A^essels  and  adhesion  of  the  blood  to  the  denuded 
surface  have  been  described  (Thudichum).  Dr.  Wall  concludes  fi'om 
clinical  and  post-mortem  obserA-ations  that  thrombosis  is  a common 
incident  of  the  collapse  stage  of  cholera,  and  that  the  clots  in  the  heart 
and  Amssels  undergo  liquefaction,  fragments  of  them  sometimes  remaining 
as  pulmonary  emboli  and  infarcts.  The  pulmonary  A-eins  are  found 
empty  and  contracted  in  cases  fatal  during  the  stage  of  collapse.  The 
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distl’ibutioii  of  blood  iu  the  body  is  alinormal,  the  veins  and  their 
tributaries  are  distc tided  tvith  thick  dark  blood,  and  the  arteries  and 
capillaries  empty.  The  solid  organs  exhibit  well-marked  venous  engorge- 
ment. In  the  later  (reactive)  stages  of  the  disease  these  conditions  of 
the  circulation  undergo  change ; also  when  recourse  has  been  had  to 
warm  saline  intravenous  injections — the  change  being  towards  a restora- 
tion of  the  ordinary  distribution  and  balance  of  the  blood. 

The  physical,  chemical,  and  microscopic  conditions  of  the  blood  have 
l)een  made  the  subject  of  elaborate  research.  Three  osmotic  processes 
apjiear  to  exist  during  the  progress  of  choleraic  disease  : 1st,  an  exosmotic 
etlusion  from  the  vessels  into  the  intestinal  canal ; 2nd,  an  exosmotic 
current  from  the  corpuscles  into  the  surrounding  fluid ; and,  3rd,  an 
endosmotic  transit  of  fluid  from  the  tissues  into  the  vessels.  By  these 
processes  the  blood  becomes  profoundly  altered  physically  and  chemically. 
The  outflow  of  constituents  has  been  determined  by  Schmidt  to  take 
place  in  the  following  order : the  water  transudes  before  the  solids  of 
the  serum,  the  inorganic  before  the  organic  solids,  the  chlorides  before 
the  phosphates,  the  salts  of  soda  before  the  salts  of  potash  ; the  alkalinity 
being  much  diminished.  The  same  law  applies  to  the  other  currents, 
which,  however,  are  smaller  and  later,  and  fail  to  replace  the  material 
which  has  escaped.  The  blood  in  acute  cholera  is  therefore  found  to  be 
of  high  specific  gravity,  even  1073,  very  dark  and  inspissated,  and 
deficient  in  water  and  salts.  Cells  and  allmmin  are  in  excess,  but 
authorities  differ  as  to  the  amount  of  filu'in-f actors  and  the  coagulability 
of  the  blood.  The  amount  of  oxygen  in  the  blood-cells  is  serioiisly 
diminished.  The  blood  regains  its  brightness  on  exposure  to  air  in  thin 
layers,  and  on  contact  with  the  intestinal  discharges  (Parkes).  Urea  has 
been  found  in  it  in  cases  fatal  in  the  algid  stage. 

Owing  to  concentration,  due  to  severe  purging  and  vomiting,  there  is 
an  increase  in  the  number  of  red  blood-cor[)uscles  or  polycythsemia  to 
l)ctween  6,500,000  and  7,500,000  ; with  this  there  is  a coiresponding 
rise  in  the  percentage  of  hfemoglobin.  As  originally  pointed  out  by 
Virchow,  and  confii-med  by  Lewis  and  Cunningham,  there  is  a leucocvtosis. 
In  moderately  severe  cases  the  count  is  about  30,000 ; before  death  a 
leucocytosis  of  50,000  is  not  uncommon.  In  the  algid  stage  a leucocytosis 
of  40,000  to  60,000  is  of  A'ery  bad  prognosis  (Bicrnacki).  The  leuco- 
cytosis is  polymorphonuclear.  No  special  organism  or  material  of  the 
nature  of  virus  or  toxin  has  been  detected  in  the  blood  of  cholera  either 
/ by  the  microscojje  or  by  chemistry.  For  cholera  toxin,  nde,  p.  455. 

The  Imvjs  in  a case  of  death  in  the  collapse  stage  are  found  to  be 
j light,  dry,  and  shrunken.  There  is  a deficiency  both  of  blood  in  the 
vessels  and  of  air  in  the  alveoli.  These  are  the  characteristic  cholera 
lungs;  but  in  later  stages  they  may  be  congested,  cedematous,  or  collapsed. 
The  flmrce,  are  usually  healthy. 

The  hrain  and  its  membranes  exhibit  venous  congestion.  Signs  of 
meningitis  are  sometimes  present  in  advanced  cases. 

The  fismes  are  dry,  doughy,  and  shrunken  from  removal  of  water. 
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The  muscles  are  also  dry  and  contain  an  unusual  amount  of  urea.  They 
are  sometimes  found  ruptured. 

Theory  of  Cholera. — The  phenomena  observed  during  life  and  the 
appearances  seen  after  death  undoubtedly  indicate  that  the  choleraic 
process  is  due  to  the  entry  into  the  system  of  a poison  which  causes,  in 
the  first  instance,  violent  functional  disturbances  ; then  sets  up  serious 
organic  disorders,  and  finally  gives  rise,  if  life  be  prolonged,  to  important 
structural  changes.  The  early  incidents  of  cholera  cases — more  particularly 
the  varying  duration  of  the  incubative  stage,  the  usual  occurrence,  but 
occasional  absence,  of  initial  signs  of  intestinal  irritation  and  nervous 
disturbance  and  depression — would  suggest  that  the  disease  may  be  due 
either  to  ingestion  of  a poison  elaborated  elsewhere,  in  which  case  the 
invasion  would  be  sudden,  and  the  effects  depend  on  the  dose ; or  to  the 
reception  into  the  intestinal  tube  of  a microbe  iii  circumstances  favour- 
able for  its  multiplication  ; in  the  latter  case  symptoms  of  intestinal 
derangement,  of  longer  or  shorter  duration,  would  precede  the  general 
poisoning  by  absorption  of  the  elaborated  product.  (For  cholei’a  toxin, 
vide  p.  455.) 

The  phenomena  of  cholera,  especially  of  its  later  stages,  constitute  a 
remedial  reaction ; and  the  disease  has  with  plausibility  been  likened  to 
a febrile  paroxysm  with  a severe  and  prolonged  algid  stage.  Cases  and 
outlireaks  of  malarial  fever  have  been  observed  which  it  was  found 
almost  impossible  to  distinguish  from  cholera.  On  the  other  hand,  in 
some  cases  and  outbreaks  of  the  latter  disease  the  febrile  phenomena 
assume  a marked  prominence.  The  poison  seems  to  exercise  a .special 
influence— deleterious  and  destructive — on  the  epithelial  elements  of  the 
intestinal  and  ui'inary  tubes,  and  on  the  glands  and  follicles  of  the  foi-mer; 
l)ut  a strong  impression  on  the  nervous  system,  leading  to  contraction 
of  arterioles  and  disturbance  of  the  balance  of  the  circulation,  with 
preponderance  towards  the  venous  side,  is  a very  earlj'-  effect  of  the  poison 
in  the  blood,  which  soon  undergoes  important  dynamical,  organic,  and 
chemical  alterations.  Many  of  the  later  incidents  of  cholera  are  due,  no 
doubt,  to  absorption  from  the  tubes  and  tissues  of  secondary  poisons  of 
bacterial  or  degenerative  origin.  The  view  that  the  intestinal  disturV 
ance  is  sufficient  to  account  for  ;dl  the  other  phenomena  of  cholera  as 
secondary  and  consequential  effects  is  no  longer  tenable;  and  the  choleraic 
process  cannot  be  satisfactorily  explained  otherwise  than  as  the  effect  of 
one  of  those  organic  poisons  which  constitute  a very  early  stage  of 
decomposition  of  proteids,  or  result  from  the  metabolism  of  these  by  the 
ageTicv  of  micro-organisms. 

M hen  the  viridence  of  the  poison  has  been  spent,  or  its  removal 
effected,  the  primary  disturbances  set  up  by  it  are  very  soon  and  com- 
pletely recovered  from.  The  secondary  cLanges  occurring  during  the 
stage  of  reaction  are  more  serious  and  prolonged ; but  these  likewise 
very  seldom  leave  permanent  structural  defects. 
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Clinical  Aspects  of  Cholera 

Symptoms  of  Cholera. — In  difierent  epidemics  and  difteient  indi- 
vidual cases  these  present  consideralile  variation.  It  will  he  most  con- 
venient to  describe,  in  the  first  place,  the  phenomena  of  an  ordinary 
seizure — the  form  of  disease  most  frequently  met  with ; and  then  briefly 
to  delineate  those  less  common  manifestations  which  are  seen  during 
the  course  of  epidemic  outbreaks,  and  seem  to  oavc  their  exceptional 
character  to  variations  in  the  strength  and  amount  of  the  poison,  or  to 
pecnliarities  in  the  constitution  and  proclivities  of  individuals  who  have 
been  subjected  to  its  influence. 

The  Ordinary  Form. — In  a characteristic  case  of  cholera  it  is  always 
pos.siblc  to  distinguish  certain  well-marked  stages  which  have  been 
designated  by  their  most  striking  features.  A ])remonitory  or  incubative 
stage  can  be  recognised  in  a large  proportion  of  cases,  followed  by  the 
stage  of  evacuation,  of  which  purging,  vomiting,  and  muscular  cramps 
are  the  most  prominent  phenomena ; to  this  succeeds  a stage  of  collapse, 
characterised,  as  the  name  implies,  by  profound  depression  of  all  the 
functions  of  the  body ; finally,  a stage  of  reaction,  in  which  more  or  less 
febrile  excitement  is  manifested,  ends,  in  favourable  cases,  in  recovery. 

The  stage  of  incubation  is  that  which  intervenes  between  the  reception 
of  the  virus  and  the  manifestation  of  serious  and  characteristic  disturb- 
ance of  health.  Its  duration  varies  from  a few  hours  to  a few  days, 
probably  not  exceeding  ten.  Three  to  six  days  appear',  inferentially, 
to  be  the  usual  length  of  this  stage ; though  precise  and  jrositive  know- 
ledge is  wanting,  owing  to  the  lack  of  exact  information  as  to  what  enters 
the  body  and  how  and  when  it  effects  an  enti'ance.  The  symptoms  of 
deranged  health  which  may  be  felt  or  observed  duri''g  this  period  are 
referalde  to  gastro-intestinal  irritation,  and  to  a disturbed  or  depressed 
condition  of  the  nervous  s}-stem.  Diarrhcea  is  the  most  common  pre- 
cursor of  cholei'a : it  may  last  for  hours  or  even  da}^s,  and  is  apt  to  be 
copious  and  watery,  motions  being  passed  three  or  four  times  a da}^ ; it 
may  be  painless  or  accompanied  with  griping.  There  is  often  a feeling 
of  weight  or  oppression  at  the  pit  of  the  stom.ach,  and  there  is  reason 
to  believe  that  in  this  stage  digestion  is  seiiously  impaired  (Chevers). 
The  nervous  symptoms  take  the  form  of  malaise,  depression  of  spirits, 
pallor,  anxious  expression,  exhairstion,  giddines.s,  tinnitu.s,  and  headache. 

In  most  cases  premonitory  sym])toms  are  not  noticeable  or  are  very 
transient ; and  the  disease  sets  in  without  warning,  with  violent  purging 
and  vomiting,  speedily  followed  by  cramps  and  progressive  exhaustion. 
These  are  the  essential  phenomena  of  the  stage  of  evacuation,  which  may 
last  from  two  to  twelve  hours  or  longer  — the  duration  depending 
probably  on  dosage  and  vital  resistance.  The  purging  is  frerpient,  copious, 
and  watery.  The  earlier  stools  are  feculent,  the  later  pale,  resembling 
whey  or  water'  in  which  rice  has  been  boiled — a flocculent  or  ciu'dy  sedi- 
ment being  deposited  on  standing.  Later  motiorrs  are  sometimes  sanious. 
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Successive  evacuations  should  be  received  in  separate  vessels  for  observa- 
tion and  comparison.  There  may  be  griping  or  abdominal  pain ; more 
frecjuently  there  is  neither.  The  bulk  of  material  passed  in  this  stage 
is  often  very  large.  Vomiting  generally  begins  later  than  purging; 
the  contents  of  the  stomach  are  first  expelled ; and  it  has  been  observed 
that  these  are  often  undigested,  though  they  have  been  in  the  stomach 
for  some  time.  The  later  rejections  are  watery  and  copious,  emitted  with 
force,  and  occasionally  tinged  with  blood.  Vomiting  is  easily  excited  by 
ingesta,  and  these  are  generally  returned  sooner  or  later.  In  some  cases 
distressing  and  exhausting  retching  occurs  without  much  result.  The 
reaction  of  the  vomited  material  varies ; it  is  sometimes  very  acid. 
Muscular  cramps  are  a painful  feature  of  this  stage ; they  may  begin 
with  the  purging,  and  be  prolonged  into  the  next  stage.  The  legs  are 
their  most  frecpient  seat ; but  the  muscles  of  the  abdomen  and  back,  and 
in  some  cases  the  whole  muscular  system,  may  be  affected ; the  cramped 
muscles  feel  hard  and  knott}^,  and  in  many  cases  the  pain  is  very  severe. 
The  temperatiire  of  the  body  falls  somewhat  as  this  stage  proceeds,  the 
surface  becoming  cold,  dusky,  clammy,  or  covered  with  sweat.  The 
features  are  drawn,  eyes  sunk,  expression  anxious  or  blank,  fingers  and 
toes  shrivelled,  tongue  white  and  cold.  There  is  great  thirst  and  much 
restlessness.  The  breathing  is  not  thus  far  much  affected,  but  the  pulse 
rises  in  rate  and  loses  in  force.  The  patient  becomes  greatly  exhausted, 
and,  though  generally  sensible,  is  apathetic.  Recovery  maj'-  occur  in  this 
stage  by  cessation  of  purging,  vomiting,  and  cramps,  and  with  gradual 
restoi'ation  of  strength  ; but  in  the  majority  of  cases  a more  profound 
depression  of  vitality  sooner  or  later  supervenes.  This  is  the  stage  of 
collapse,  into  which  the  patient  may  lajjse  gradually  or  suddenly.  It  may 
last  from  two  or  three  to  forty-eight  hours,  or  even  more,  the  attention 
being  withdrawn  from  the  evacuations,  and  arrested  by  the  signs  of 
alarming  exhaustion.  Licpiid,  colourless  motions  maj'’  still  be  occasionally 
passed  involuntarily;  or  the  presence  of  watery  material  may  be  detected 
in  the  intestines  by  jjalpation  or  succussion.  Vomiting  or  attempts  to 
vomit  may  persist,  and  cramps  are  often  present,  sometimes  terribly 
painful.  But  these  symptoms  are  overshadowed  by  the  evidences  of 
failing  power : the  pulse  flickers  and  fails  at  the  wrist,  and  is  sometimes 
imperceptible  in  the  brachial  and  almost  so  in  the  femoral  arteries ; its 
rate,  always  accelerated,  may  rise  to  120  or  140,  or  even  higher.  The 
heart-sounds  get  less  distinct,  esjjecially  the  first:  in  some  cases  murmurs 
and  friction  sounds  are  detected  in  tliis  stage  (Wall),  which  betoken  dis- 
turbed and  inco-ordinate  contraction  of  its  walls  or  the  existence  of  clots 
in  its  cavities. 

The  capillarj'-  circulation  becomes  slow  and  feeble,  the  surface  gets 
livid ; respiration  is  quick  and  shallow ; painful  and  often  paro.xysmal 
dyspnoea  arises,  compelling  the  sufferer  to  struggle  for  breath  ; the 
expired  aii’  is  cold,  and  deficient  in  carbonic  acid.  The  face  presents 
the  characteristic  choleraic  expression — features  pinched,  skin  drawn,  eye- 
balls sunken  and  surrounded  by  a dark  areola,  lids  half-closed,  pupils 
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eoiitracted,  mouth  open,  teeth  covered  with  sordes,  tongue  cold,  face 
apathetic.  The  general  surface  is  cyanotic  and  clammy  oi‘  bedewed 
with  cold  sweat;  the  fingers  and  toes  ai’c  wrinkled.  There  is  great 
restlessness  and  profound  debility.  The  intelligence  is  clouded,  the 
senses  impaired,  the  muscular  power  diminished  : in  some  cases  sense 
and  sensibility  and  capacity  of  movement  ai'e  retained  ; in  others  coma 
or  a semi-comatose  state  exists.  The  voice  is  husky  and  feeble,  or  the 
patient  can  speak  only  in  faint  whispers.  Thirst  is  imperative,  and  a 
feeling  of  coldness  is  felt.  The  urine  is  sup])ressed  ; the  bladder  is 
generally  emptied  in  the  preceding  stage,  and  no  further  accumnlation 
of  urine  takes  place.  'Fhe  temperature  of  the  surface  and  mouth  is 
greatly,  and  in  fatal  cases  increasijigly,  depressed,  and  may  fall  bcloAv 
90°  F.  ; the  temperature  of  the  axilla  is  higher,  ))iit  below  normal, 
readings  of  Oo"  to  97°  F.  being  not  uncommon  in  this  stage;  the  rectal 
temperature  may  be  slightly  subnormal  or  normal,  but  in  time  it  shews 
a tendency  to  rise  above  the  normal. 

In  this  stage  a peculiar  and  characteristic  odour  may  be  detected  in 
the  l>reath  and  from  the  skin.  The  motions  are  devoid  of  sanell  unless 
they  are  retained,  in  which  case  they  cptickly  become  offensive.  It  is 
in  this  sUige  of  cholei'a  that  death  most  frequently  occurs ; and  the 
fatal  event  may  hap])en  early  or  late,  very  suddenly  or  after  some 
lingering  hours  while  life  and  function  are  slowly  waning.  Death 
may  occur  from  respiratory  failure,  asthenia,  or  coma. 

The  staqe  of  reaction  is,  generall}"  speaking,  characterised  by  a 
gradual  restoration  of  power  and  resumption  of  function.  The  pulse 
returns  to  the  wrist,  feebly  and  fitfully  at  first ; but  there  is,  in  favoui- 
able  cases,  a progres.siou  in  steadiness  and  strength.  The  breathing 
becomes  eas}'^  and  the  patient  trampiil.  Blueness,  coldness,  shrinking, 
and  clamminess  of  the  .skin  give  way  to  roundness  ar  1 warmth.  Tem- 
perature is  normal  or  slightly  raised.  The  stomach  regains  its  tone,  and 
food  is  retained.  The  stools  resume  their  proper  colour ; some  looseness 
may  persist,  but  the  motions  are  less  frequent  and  less  Avatery,  and 
exhibit  successively  deepening  tints  of  grey  and  brown.  Urine  is  jaissed, 
thouiih  its  reappearance  may  be  delayed  for  many  hours ; it  is  at  first 
scanty,  high-coloured,  of  strong  smell,  high  specific  gravity,  albuminous, 
and  containing  indican  and  casts ; then  it  becomes  co])ious.  Mental 
activity  and  muscular  power  return,  and  complete  recovei-y  may  take 
place  within  a few  days. 

80  happy  a result  is,  howevei',  by  no  means  invariable.  In  a con- 
siderable proportion  of  ca.ses  (from  10  to  2.5  ^ler  cent)  events  occur  dui'ing 
the  stage  of  reaction  which  constitute  a seilous  departure  from  the 
normal  sequence,  and  prolong  the  illness  or  cause  death. 

The  variations  which  take  place  in  the  symptoms  and  course  of 
cholera  ai'e  numerous  and  well  marked,  and  have  led  to  the  distinction  of 
several  forms  of  the  disease.  These  varieties  are  apt  to  present  them- 
selves more  or  less  pi'ominently  in  different  epidemics  and  at  difl'erent 
periods  of  the  same  epidemic ; and,  for  purposes  of  diagnosis  and  treat- 
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merit,  it  is  highly  important  to  take  them  into  account.  T-hey  are  best 
<lescribed  in  the  order  of  succession  of  the  phases  of  the  ordinary 
disease. 

1.  The  disturbance  of  health  may  be  slight  and  transient.  During 
an  epidemic  of  cholera  many  persons  complain  of  slight  malaise,  anorexia, 
and  looseness  of  bowels  which  pass  off  with  or  without  treatment.  This 
is  the  so-called  anihuJatory  form.  The  disease  appears  to  be  arrested  oi' 
abortive  in  the  incubative  stage.  It  is  important  to  note  that  the  comma 
bacillus  is  found  in  the  stools  of  such  cases,  which  may  therefore  be  sources 
of  infection. 

2.  Iti  other  and  more  frequent  cases  the  diari'hoea  is  more  pronounced 
and  persistent — painless,  accompanied,  perhaps,  with  nausea  or  vomiting, 
and  sometimes  with  cramps.  The  stools  are  copious  and  watery,  inclin- 
ing gradually  to  the  rice-water  type.  There  is  no  suppi-ession  of  urine. 
Cases  of  this  kind  occur  in  antici[)ation  of  or  during  an  epidemic,  and 
contribute  to  that  excessive  prevalence  of  diarrhma  Avhich  statistics  indi- 
cate as  generally  concomitant  with  cholera.  With  or  without  the  aid  of 
medicine  recovery  usually  takes  place  within  twenty-four  hours ; but  not 
unfrequently  such  cases,  especially  if  untreated,  lapse  into  true  cholera. 
This  form  of  disease  has  received  the  name  of  choleraic  diarrhoea  or  choleriiie, 
and  appears  to  represent  an  arrest  in  the  stage  of  evacuation. 

3.  On  the  other  hand,  this  stage  may  seem  to  be  absent,  patients 
passing  quietly  into  fatal  collapse  without  either  vomiting  or  purging. 
Cases  of  this  sort  have  been  described  as  occurring  at  Karachi  in  the 
year  1816,  and  at  Teheran  in  the  same  year.  On  post-mortem  examina- 
tion, however,  the  characteidstic  lesions  and  evacuations  of  cholera  are 
found  in  such  cases.  The  absence  of  evacuation  and  the  ra]ud  prostra- 
tion have  been  attributed  to  the  large  dose  or  sijecial  virulence  of  the 
poison  which  rapidly  overpowers  vital  resistance  and  energy.  This  form, 
which  is  very  rare,  has  been  called  cholera  sicca. 

■1.  The  stage  of  collapse  is  very  short ; death  takes  place  suddenly 
from  respiratory  failure,  with  symptoms  of  gravely  disturbed  cardiac 
action  and  impeded  circulation  through  the  lungs.  This  may  depend  on 
spasm  of  the  pulmonary  arterioles,  on  the  difficulty  of  transmission  of  the 
inspissated  blood  from  the  right  heart  into  the  lungs,  or  on  the  formation 
of  clots  in  the  right  cavities.  Dr.  Wall  described  murmurs  and  friction 
sounds  which  he  attributed  to  this  cause  : the  condition,  though  frequently, 
is  not  necessarily  fatal.  It  may  be  called  the  embolic  form  or  jffiase  of 
cholera. 

5.  On  the  other  hand,  the  cold  stage  may  be  prolonged  i;p  to  thirty- 
six  or  forty-eight  hours.  Recovery  sometimes  takes  place  in  siich  cases, 
but  the  unfavourable  contingencies  of  the  reaction  stage  are  more  likely  to 
occur  in  these  circumstances. 

6.  The  intelligence  of  the  patient  is  in  some  cases  marvellously  keen 
during  the  stages  of  evacuation  and  collapse  ; but  a condition  of  growing 
prostration  and  apathy  is  the  rule.  In  some  instances  the  clouding  of  the 
intellect  and  dulling  of  the  senses  are  early  and  profound,  and  out  of 
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hunnony  with  the  otliei’  symptoms.  This  primarij  choleraic  alujior  lias 
been  attributed  to  the  direct  effects  of  the  choleraic  poison  on  the  nervous 
tissues  (Wall). 

The  varieties  of  cholera  depending  upon  variations  in  the  jjhenomcna 
and  course  of  events  iti  the  stage  of  reaction  are  numerous  and  important. 

7.  The  reaction  may  he  imperfect.  Some  revival  from  collapse  may 
occur,  but  the  temperature  remains  subnormal,  purging  and  vomiting 
continue,  the  pulse  does  not  regain  power,  exhaustion  is  progressive,  and 
the  patient  in  time  sinks  from  asthenia,  or  may  pass  into  a.  fatal  “typhoid” 
phase. 

8.  In  other  cases,  after  temporary  amelioration,  there  is  a reJapi<e  of 
the  purging  or  vomiting,  and  death  by  exhaustion  sooner  or  later  ensues, 
though  recovery  from  the  relapse  is  possible.  The  relapse  may  be  induced 
by  the  use  of  purgatives  or  indiscretion  in  diet. 

9.  A very  serious  variety  of  cholera  is  the  hyperthermic  form,  in  which 
during  collapse  the  rectal  temperature  is  found  rising  to  100°  F.  and 
over.  The  axillary  temperature  soon  follows  suit,  and  a very  high  degree 
of  heat  (as  much  as  107°  F.  in  the  axilla,  and  109°  F.  in  the  rectum — 
^^’all)  may  be  reached.  Such  cases  are  very  fatal. 

10.  During  the  stage  of  reaction  patients  not  unfrequently  lapse  into 
a typhoid  state.  This  does  not  depend  on  excessive  temperature  or  on 
sup])ression  of  urine,  but  seems  to  correspond  rather  with  the  state  of 
“ prostration  with  excitement  ” met  with  in  other  circumstances.  The 
symptoms  are  those  of  the  typhoid  condition,  however  caused — moderate 
elevation  of  temperature  (101°  to  102°  F.),  excitement  of  pulse  and 
re.spiration,  failing  power,  restlessness,  delirium,  subsultus,  dry  tongue 
and  lips,  sordes,  stupor  merging  into  coma,  and  in  jjrolonged  cases  pur- 
pura and  bed-sores.  This  condition  is  generally,  but  not  necessarily  fatal. 
Convalescence  is  very  slow  in  the  non-fatal  cases.  The^e  are  cases  which 
seem  to  occxipy  an  intermediate  position  between  the  hyperthermic  and 
the  typhoid  cases ; in  these  mild  fever  of  an  intermittent  or  remittent 

t , form  complicates  and  delays  recovery. 

11.  In  these  febrile  states  eruptions  sometimes  make  their  appearance, 
f 'rhe  more  common  are  urticaria  and  erythema  ; the  latter  may  be  Ixright 
i in  coloxir  and  widely  diffused.  Roseola,  maculfe,  and  bulla;  have  been 

described.  The  erujition  in  such  cases  may  perhaps  be  considered  a sort 
of  exanthem. 

12.  Suppression  of  urine,  and  the  consequexit  uramiia,  constitute  the 
( most  important  and  anxious  feature  of  an  abnormal  reaction.  The  re- 
I appearance  of  urine  is  sometimes  delayed  for  many  hours  or  even  day.s 

without  serious  results ; but  such  a delay  is  always  a cause  of  anxiety, 

I and  in  most  cases  of  prolonged  suppression  cerebral  symjffoms  attest  the 
I retention  of  waste  matters  in  the  blood.  Stupor  with  restlessness, 

I muttering  delirium,  spasmodic  contraction  of  muscles,  bloodshot  eyes, 

I contracted  pupils,  dry  lips  and  tongue,  sordes,  vomiting,  slow  pulse  are 
I the  chief  symptoms ; the  patient  often  relapsing  into  fatal  coma.  The 
I bowels  may  remain  relaxed  ; this  is  favourable  and  should  not  be  checked. 
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Vomiting  of  gnuss- green  materiul  has  been  noted  in  this  state.  The 
secretion  or  discharge  of  bile  may  be  suspended,  and  this  adds  to  the 
gravity  of  the  case.  Chevers  has  described  this  dual  suppression  as 
cholo-unemia.  On  the  re-establishment  of  the  urinary  excretion  the 
alarming  symptoms  may  subside,  and  convalescence  proceed. 

Sequels. — A number  of  untoward  events  may  arise  during  the  stage 
of  convalescence ; they  may  be  classified  as  follows : — 

1.  Fmctional. — Under  this  liead  are  included  anaemia,  debility, 
nervous  depression,  jaundice  (a  rare  but  dangerous  complication),  gastric 
irritability,  persistent  hiccup,  insomnia,  dementia,  paraplegia,  anasarca, 
irregulai'ity  of  bowels  and  chronic  diarrhoea.  In  pregnant  women 
abortion  is  almost  invariable  ; the  child  dies  during  the  algid  stage  and 
is  sooner  or  later  expelled.  Signs  of  cholera  are  often  found  in  the  fcetus 
(Wall). 

2.  Inflammatory. — (Edema  of  the  lungs,  bronchitis,  pneumonia,  and 
pleurisy  are  not  unfrequently  met  with,  especially  in  conjunction  with 
suppression  of  urine.  Meningitis,  conjunctivitis,  arthritis,  and  parotitis 
have  also  been  described.  The  parotid  inflammation  sometimes  ends  in 
abscess.  Dysentery  is  an  occasiopal  complication  of  convalescence,  but 
it  is  mild  and  amenable  to  treatment.  Dropsy  has  been  described  as  a 
result  of  consecutive  nephritis. 

destructive. — Ulceration  of  the  cornea  is  not  uncommon.  Bed-sores 
sometimes  form  in  cases  of  low  typhoid  character  and  of  uraemia,  if  the 
nursing  be  defective.  Gangrene  of  the  nose,  ears,  penis,  and  scrotum, 
more  rarely  of  the  fingers  and  toes,  are  also  met  with,  especially  among 
natives  of  India.  The  dead  parts,  if  limited,  may  be  separated  and  cast 
off,  but  extensive  gangrene  is  generally  fatal. 

Diagnosis. — The  maladies  which  most  closely  resemble  cholera  are 
ptomaine  poisoning  ; mushroom  poisoning  ; certain  varieties  of  diarrhoea ; 
and  some  rare  malarial  fever.s,  with  intestinal  complications  and  a ]iro- 
found  and  prolonged  algid  stage.  The  identification  of  Asiatic  cholei'a 
turns  upon  clinical,  epidemic,  and  bacteriological  considerations.  The 
clinical  features  which  mark  an  ordinary  case  of  cholera  are : the  copious, 
painless  passage  of  watery  motions,  devoid  of  bile  colouring,  resembling 
rice  water  and  exhaling  a characteristic  odour ; the  profound  nausea  and 
freriuent  vomiting  of  watery  material;  the  suppression  of  urine;  the 
muscular  cramps  ; the  cyanosis  and  shriiddng  of  skin  ; the  cold  breath  and 
whispering  husky  voice ; the  dyspiima  and  restlessness ; the  jirostration, 
torpor,  and  failing  pulse ; the  cold  sweats  and  depression  of  the  surface 
temperature,  with  a tendency  to  rise  of  internal  temperature.  These 
constitute  a group  of  symptoms  which  may  be  imitated,  but  are  seldom  if 
ever  identical  with  those  of  any  other  flux.  If  cholera  is  known  to 
prevail  in  the  locality  or  neighbourhood,  or  circumstances  permitting  or 
favouring  importation  exist,  suspicion  naturally  attaches  to  all  bowel 
complaints,  even  if  they  do  not  present  the  extreme  form  just  pictured. 
(Similarly,  cases  of  diarrheea,  however  mild,  arising  in  the  midst  of  an 
epidemic  of  cholera  are  viewed  with  apprehension.  If  numerous  seizures 
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occur  in  groups,  iiml  the  mortality  equals  or  exceeds  5U  per  cent,  tin; 
identification  is  rendered  more  easy  and  certain.  Cases  of  ptomaine  and 
muscarine  poi.soning,  wliicli  most  resendde  cholera,  generally  occur  singly, 
or  in  small  groups,  and  usually  follow  the  eating  of  fish,  shell-fish,  tinne<l 
provisions,  or  mushrooms;  fragments  of  mushroom  may  he  found  in  the 
stools.  Ihe  association  with  prevalent  malarial  fever,  the  absence  of 
epidemic  cholera  in  the  place  or  vicinity,  the  j)criodicity,  the  better 
marked  febrile  stage,  the  lower  mortality,  and  the  amenability  to  quinine, 
serve  to  distinguish  the  cases  of  malarial  fever  which,  in  the  algid  stage, 
may  assume  a choleraic  character  (;\'ide.  }>.  2G0).  d'he  snppi’ession  of  bile 
atid  urine,  the  cyanosis,  cramps,  collapse  ;ind  cold,  and  the  high  moi'tality 
are  the  chief  circumstances  which  distinguish  cholera  from  other  diarrlneas. 
The  bacteriological  conditions  are  also  important.  The  detection  of 
Koch’s  vibrio  in  the  evacuations  constitutes,  accoixling  to  our  jwesent 
knowle<lge,  a means  of  separating  cholera  from  every  other  disease. 
'I'he  negative,  however,  is  not  trtie.  In  a certain,  though  small,  jiro- 
portion  of  cases  the  vibrio  cannot  be  found.  The  application  of  the 
scrum  test  may  be  re.sorted  to  in  doubtful  cases ; but  is  seldom  necessaiy. 
{Vide  p.  457.) 

Prognosis. — The  death-rate  of  cholera  varies  with  the  character  of  the 
e])idemic  and  the  pei-iod  of  the  outbreak.  Fifty  per  cent  may  be  accepted 
as  an  average  death-rate,  but  it  is  often  exceeded  in  specially  severe 
outbreaks,  and  in  the  early  stage  of  any  outbreak.  The  very  young  and 
very  old  succumb  more  readily  than  the  middle-aged ; sucklings  are 
seldom  attacked.  Women  are  rathei-  less  frequently  seized  than  mcTi  ; 
pregnancy  is  a dangerous  complication.  Organic  disease  of  the  kidneys 
is  a specially  luifavourable  condition,  and  organic  disease  of  the  liver 
almost  equally  so.  Drunkards  are  bad  subjects;  .so  arc  per.sons  of  feeble 
and  damaged  constitution  ; ill-health,  however  caused,  i"’  an  unfavourable 
introduction  to  the  choleraic  struggle.  During  the  progress  of  a case 
signs  of  good  oi’  evil  omen  are  observable  at  every  step. 

Evil  sifjns,  in  the  order  of  the  stages,  are — sudden  seizure,  early  pros- 
tration, early  stupor,  quick  advent  of  collapse,  restlessness,  and  fighting 

(for  breath,  failing  pulse,  great  depression  of  tem)>erature,  prolonged  cold 
stage,  hyperpyrexia,  severe  abdominal  pain,  blood  in  vomit  and  stools, 
persistent  su])pression  of  bile  and  ui-ine,  permanent  mirscular  contractions, 

I jaundice,  lung  complications,  recurrent  purging  and  vomiting,  delayed 
i restoration  of  body  heat,  “typhoid”  symptoms,  and  indications  of  ni'amiia  or 
i|  cholo-unemia,  insomnia,  and  delirium. 

I Good  signs  are  — maintenance  of  pulse  during  collapse,  moderate 
I depression  of  temperature,  early  and  not  excessive  reaction,  rc^turn  of 
I colour  in  the  motions,  cessation  of  cramps,  restoration  of  urinary  excretion, 

I resumption  of  warmth  and  dryness  of  skin  and  normal  colour  and  plump- 
I ness  of  face,  quiet  bi'eathing,  tranquillity,  sleep. 

The  violence  of  vomiting  and  purging  in  the  early  stages  are  not 
I necessarily  indicative  of  a severe  seizure,  but  their  persistence  is  a])t  to 
I result  in  delayed  convalescence  oi-  fatal  exhaustion. 


470 


SYS7-EM  OF  MEDICINE 


Treatment. — Since  about  one-half  of  those  attacked  with  cholera 
recover,  with  or  without  treatment,  it  is  clear  that  processes  antagonistic 
to  the  poison  and  curative  of  its  effects  arise  within  the  organism,  and 
are  effective  in  that  proportion  of  cases.  What  the  precise  nature  of 
these  processes  may  be  it  is  impossible,  in  the  present  state  of  science,  to 
affirm.  Whether  the  poison  of  cholera  lose  its  power  by  lapse  of  time, 
or  be  diluted,  eliminated,  or  destroyed ; or  whether  there  be  formed  in 
the  tissues  or  blood  or  intestinal  tube  some  antagonistic  principle — an 
alexin  or  antitoxin — we  know  not : in  our  ignorance  of  the  process  of 
natural  cure  it  is  impossible  to  formulate  a rational  system  of  treatment 
in  imitation  and  furtherance  thereof.  Two  principles  may,  however,  be 
confidently  stated,  namely,  (1)  that  it  is  obviously  irrational  and  im- 
proper unduly  to  interfere  with  or  thwart  processes,  which,  though 
appai-ently  morbid  and  injurious,  result,  as  a matter  of  fact,  in  restoration 
to  health  in  a moiety  of  seizures ; and  (2)  that,  in  estimating  the  value  of 
any  .system  or  method  of  cure,  the  law  of  natural  and  unaided  recovery 
must  be  taken  into  account,  allowing  for  the  character  and  period  of  the 
outbreak. 

Preiriiiioii. — The  sanitary  measures  by  which  a community  may  be 
protected  from  cholera,  by  which  its  entry  may  be  prevented,  its  spread 
controlled,  its  incidence  and  mortality  minimised,  are  indicated  by  the 
facts  and  considerations  adduced  in  the  sections  relating  to  the  history, 
etiology,  and  epidemiology  of  the  disease. 

Femmal  prophylaxis,  however,  constitutes  an  important  item  of  the 
treatment  of  cholera  as  affectitig  individuals.  Certain  circumstances  and 
conditions  have  been  recognised  as  rendering  jjersons  specially  liable  to 
attack.  The  chief  of  these  are — bodily  fatigue,  mental  worry,  panic, 
disorder  of  stomach  caused  by  consumption  of  raw  fruits  and  vegetables 
(melons,  cucumbers,  and  the  like  have  been  specially  blamed),  decompos- 
ing animal  food,  particularly  fish  and  shell-fish,  excessive  use  of  alcohol, 
drinking  impure  water  or  milk,  the  use  of  purgative  medicines  especially 
salines,  exposure  to  cold,  and,  generally,  an3^thing  tendiiig  to  depress  the 
general  vigour  and  derange  health.  The  conduct  and  regimen  necessary 
to  avoid  these  risks  need  not  be  detailed. 

On  grounds  of  reason  and  experience  the  most  efficient  preventive  of 
cholera,  both  for  individuals  and  bodies  of  men,  is  avoidance  of  infected 
localities,  or,  if  practicable,  removal  to  another  place,  higher  and  driei’, 
Avhere  the  disease  is  not  prevalent.  New-comers  to  infected  places  are 
specially  prone  to  attack.  Although  the  disease  does  not  appear  to  be 
often,  if  ever,  communicated  directl}^  from  person  to  person,  avoidance  of 
association  with  the  sick  is  advisable,  because  such  association  may  involve 
exposure  to  the  morbific  conditions  surrounding  the  sick. 

Chemical  disinfection  of  excreta  and  discharges,  and  of  articles  which 
have  been  soiled  thereby,  is  obviously  advisable  ; and  the  free  use  of  such 
agents  as  carbolic  and  sulphurous  acids  highly  commendable.  Protec- 
tion against  attack  by  the  administration  of  drugs,  such  as  quinine  and 
the  minei'al  acids,  has  been  tried  without  satisfactory  results.  The  pro- 
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pliyliictic  iind  perhaps  curative  use  of  acids  is  indicated  by  their  iuhilhtorv 
effect  oil  the  growth  and  multiplication  of  vibrios. 

Anticholeraic  I'accination. — \’arious  attempts  ha\’e  been  made  to  render 
the  system  immune  to  choleraic  infection  by  the  injection  of  vaccins. 
The  most  widely  tried  is  the  method  devised  by  Haffkine.  fie  gave  two 
injections  of  a weak  and  a strong  vaccin,  with  an  interval  of  five  days 
between ; the  weak  vaccin  was  given  first  to  obviate  the  necrotic 
effect  of  the  strong  vaccin  at  the  point  of  injection.  Haff  kine,  however, 
has  since  used  virulent  cultures  for  the  first  injection  without  bad  effects. 
Kxtensive  inoculations  of  human  subjects  have  lieen  carried  out  by 
Haffkine  in  India.  Many  thousand  persons  have  been  vaccinated  with- 
out accident  or  harm.  Evidence  has  been  gained  that  recent  inoculations 
are  protective ; the  incidence  of  the  disease  is  reduced,  but  not  the  case- 
mortality.  The  effect  of  these  injections  appears,  therefore,  to  be  anti- 
inicrobic  rather  than  antitoxic.  No  reliable  curativ'e  serum  has  as  yet 
been  manufactui-ed,  though  experiments  indicate  the  probability  of  such 
being  eventually  discovered  {vide  Immune  Serums,  ]>.  455). 

Medicinal  Treatment,  Nursing,  and  Dieting.  — The  drugs  and  com- 
pound.s  which  have  been  administered  empirically  in  cases  of  cholera  are 
legion.  It  is  safe  to  assert  that  not  one  of  them  has  established  a claim 
to  cure  tlie  disease.  It  were  useless,  therefore,  to  catalogue  or  discuss 
them.  Four  plans  of  treatment  stand  out  prominently  among  others  as 
possessing  some  basis  of  reason,  and  offering  some  promise  of  success ; 
namely,  the  astringent,  the  eliminative,  the  antiseptic,  and  the  stimulant, 
'lo  these  may  be  added  the  antispasmodic  and  the  counter-irritative. 
The  astringent  plan  contemplates  the  choleraic  process  as  a hypercathar- 
sis, and  its  danger  as  depletion ; rice-water  evacuations  being  regarded 
as  potentially  ha?niorrhage  (Chevers).  Astringents,  mineral  and  vege- 
table, in  combination  with  opium,  antispa.^modics,  and  stimulants,  have, 
in  accordance  with  this  view,  been  administered  by  mouth  and  rectum, 
in  the  hope  that  if  the  dangerous  flux  be  checked,  the  margin  of 
recuperative  power  thus  saved  will  .suffice  to  avert  fatal  exhaustion  and 
to  restore  health.  It  is  possible,  however,  that  the  results  thus  to  be 
prevented  or  cut  short — the  tremendous  drain  of  senim,  corpuscles,  and 
salts  from  the  veins  into  the  intestinal  tube,  the  reversal  of  the  normal 
currents,  and  the  abeyance  of  absorption — may  have  a salutary  puipose, 
and  within  limits  a curative  function  ; it  is  doubtful  whether  the  check- 
ing of  these  discharges  is,  as  a dominant  jirinciple,  a sound  basis  of  actioTi. 
Still  the  principle  has  its  place  in  that  .scheme  of  treatment  which,  as  we 
shall  presently  shew,  experience  has  sanctioned. 

The  eliminative  plan,  on  the  other  hand,  looks  U])on  the  flux  as 
adjuvant — as  a means  of  conveying  the  cholera  poison  out  of  the  .sv  stem 
— and  seeks  to  aid  it  by  administering  purgatives.  But,  ajiart  from  the 
well-established  fact  that  purgation  is  of  itself  exhausting,  especially 
so  in  the  early  stages  of  cholera  when  it  ought  to  be  most  effective  and 
beneficial,  it  is  questionable  whether  it  is  wise  to  remove  materials 
artificially  from  the  intestinal  tube — such,  perhaps,  as  leucocytes  or 
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their  alexins,  or  innocuous  bacteria — whicli  may  tend  to  neutralise  or 
destroy  the  poison  of  cholera.  As  a matter  of  fact,  Sir  Geoi'ge  Johnson  s 
castor-oil  treatment  has  been  extensively  tried  and  found  ■wanting. 
Stimulation  of  the  kidneys  by  diuretics  has  also  been  tried  under  the 
guidance  of  this  hypothesis,  and  found  to  do  more  harm  than  good. 

The  antiseptic  plan  aims  at  neutralising  the  poison  in  the  intestinal 
tulje,  or  setting  up  conditions  there  which  )nay  render  its  elaboiation 
impossible.  Acids  and  germicides  of  many  kinds  have  been  administered 
with  this  object ; but  this  plan  may  simply  result  in  adding  poison  to 
])oison,  oi'  irritant  to  irritant ; in  hindering  a process  of  .salutary  decom- 
position, or  in  destroying  the  leucocytes  or  innocuous  organisms  and 
their  products  which  may  be  doing  good  woi'k.  Practically,  the  jdan 
has  failed  to  cure  cholera. 

The  stimulant  or  restorative  plan  simply  endeavours  to  avert  death 
from  exhaustion,  and  to  sustain  the  flagging  vital  powers  in  circumstances  of 
terrible  depression.  Alcohol,  ammonia,  strychnine,  and  ether  admini.stered 
by  mouth  or  rectum,  or  hypodermically,  are  the  favourite  remedies  of 
this  class,  supplemented  by  strong  soups  and  nutrient  enema.s.  Even 
this  metliod  is  not  without  its  drawbacks.  Gastro-intestinal  ii-ritation 
may  be  increased,  mischief  may  arise  during  the  reactive  stage,  or 
perhaps  undue  disturbance  of  the  collapse  stage  may  be  hui-tful.  These 
considerations  suggest  caution  in  the  use  of  stimulants. 

The  antispa.smodic  plan  is  based  on  the  observation  that  the  muscles 
of  the  intestines,  arterioles,  bile-ducts,  limbs,  and  trunk  aic  thrown  by 
the  action  of  the  poison  into  violent  contraction  ; pain  and  exhaustion 
tending  to  death  are  thus  caused.  The  clamping  of  the  pulmonary 
arterioles,  impeding  the  ciiculation  and  banking  l)ack  the  blood — hinder- 
ing, that  is,  its  aeration  in  the  lungs,  the  nutrition  of  the  brain,  the 
action  of  the  kidneys  and  skin,  and  promoting  flux — is  considered 
specially  perilous.  Warm  baths,  chloroform  inhalation,  sedative  and 
antispasmodic  drugs,  nitrite  of  amyl  and  nitro-glycerin,  and  warm 
intravenous  injections,  have  been  given  to  relieve  spasm.  This  treat- 
ment has  proved  useful  as  a means  of  i-elieving  some  sjmiptoms. 

The  use  of  counter-irritants  is  intended  to  remove  morbid  action 
fi-om  wdthin  to  the  surface,  where  it  may  be  less  hurtful  and  more  under 
control.  Measures  of  this  kind  may  be  useful  as  auxiliaries. 

It  may  be  asserted  with  confidence  that  in  the  present  state  of  our 
knowledge  no  single  principle  or  plan  of  treating  cholera  has  met  with 
much  success.  It  is  ])0ssible,  nevertlieless,  to  lay  down  certaiit  rules  of 
action  which,  as  experience  has  taught  us,  may  aid  the  patients  in  under- 
going the  terrible  struggle  for  life  which  the  choleraic  process  entails. 
These  will  be  briefly  stated  as  they  apply  to  successive  stages  of  the 
disease. 

1 . Check  the  Freliininari/  Diarrhoea. — All  authorities  are  agreed  as  to 
the  advantage  of  this  measure,  which  promptly  cures  mild  cases  and 
prevents  others  from  becoming  dangerous.  Combinations  of  opium 
with  astj-ingents  and  antispasmodics  constitute  the  favourite  formulai. 
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The  I'Cinedy  may  be  given  in  ])ill  or  mixture.  The  " cholera  pill  ” of 
India  consists  of  opium,  asafetida,  and  black  pepper.  Goodeve  used 
acetate  of  lead  and  opium.  Chevers  preferred  vegetable  astringents. 
The  cholera  tinclures,  which  have  often  proved  so  serviceable,  are  generally 
composed  of  laudanum  or  licpior  opii  sedativus  with  catechu  or  kino,  com- 
pound tincture  of  lavender  or  cardamoms,  and  spirit  of  chloroform. 
Chlorodyne,  with  or  without  brandy,  according  to  the  state  of  the 
patient,  is  an  admirable  lemedy  of  similar  composition,  fulfilling  the  same 
end.  The  dose  and  frequency  of  repetition  must  depend  on  the  age  and 
condition  of  the  patient,  the  degree  of  irritability  of  the  stomach,  and 
the  effect  of  the  remedy.  The  practitioner  must  exercise  a careful 
observation  and  judgment  on  these  j)oints ; it  is  inexj)edient  to  lay 
clown  precise  rules  or  formulte.  If  the  stomach  be  very  iriitable  a 
mustard  poultice  or  chloroform  should  be  applied  to  the  epigastrium,  and 
lumps  of  ice  given  to  suck.  If  medicines  are  still  rejected  the  hypo- 
dermic injection  of  morphine  may  be  resorted  to.  It  must  be  clearly 
understood  that  the  treatment  now  recommended  is  applicable  to  the 
])reliminaiy  and  evacuatory  stages  only.  When  collapse  has  fairly  set 
in  opium  and  astringents  must  be  stopped  ; for  absorption  being  now  in 
abeyance  they  are  useless,  and  in  the  stage  of  reaction,  when  absorption 
again  sets  in,  they  may  do  harm. 

2.  Maintain  Physiail  and  Physiological  Pest. — The  patient  must  be 
kept  in  bed  and  the  evacuations  received  in  a bed-pan.  Fussy  changing 
of  clothes  and  bedding  must  be  avoided.  Violent  rubbing,  rough  lifting 
into  baths  and  other  beds,  transfer  to  another  room  or  house,  and,  above 
all,  a journey  are  dangerous.  Medicines,  food,  and  stimulants  should  not 
be  forced  on  an  irritable  stomach  ; they  jirovoke  vomiting,  excite  irritation, 
and  increase  exhaustion.  The  indication  is  to  refrain  from  anything  that 
may  add  to  the  wearing  effect  of  a most  weakening  malady. 

3.  Pestoi'e  a Failing  Ciradation. — If  the  pulse  be  maintained  in  the 
collapse,  the  less  done  the  better.  If  the  pulse  gradually  lose  volume  and 
power,  and  become  feeble  and  thready,  a mild  stimulant  should  be  given 
— iced  champagne  and  soda-water,  weak  brandy  and  water  (iced) — in 
teaspoonfuls,  or  ammonia  or  spirit  of  chloroform  well  diluted.  Should 
the  pulse  respond,  nothing  further  is  needed.  If,  however,  the  pulse 
become  imperceptible  at  the  wrist,  and  hardly  perceptible  in  the  brachial 
and  femoral  trunk.s — if,  at  the  same  time,  cyanosis  and  dyspnma  are  well 
marked — the  condition  is  one  of  imminent  danger.  Hypodermic  injec- 
tions of  ether,  or  cautious  doses  of  nitrite  of  amyl  or  nitro-glycerin, 
followed  up  by  champagne  or  brandy,  may  restoi'e  the  pulse ; but 
nothing  effects  this  so  speedily  and  surely  as  the  intravenous  injection 
of  warm  saline  solutions.  Sixty  grains  of  sodium  chloride  and  30  of 
sodium  carbonate  are  dissolved  in  one  litre  (about  3b  ounces)  of  distilled 
water.  The  fluid  should  be  sterilised  by  boiling,  and  injected  slowl}-  at 
a temperature  of  about  98‘4°  F.,  with  strict  antiseptic  precautions,  into 
one  of  the  veins  of  the  arm,  or  into  the  subcutaneous  tissues.  A reservoir 
containing  five  or  six  litres  should  be  kept  ready  and  placed  on  a stand 
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about  four  feet  above  the  level  of  the  patient’s  head.  The  injection 
Hows  by  gravitation  through  a flexible  tube,  by  pressure  on  which  the 
rate  of  How  is  regulated.  The  rate  of  entry  should  l)e  slow,  say  one 
litre  in  twelve  minutes.  The  amount  injected  will  depend  on  the  eHect ; 
one  to  three  litres  may  be  recpiired  in  different  cases  to  restore  the  pulse 
(Wall).  In  most  cases  the  Huid  leaves  the  blood-vessels  and  passes  into  the 
intestinal  tube,  and  the  symptoms  of  collapse  recur.  They  may  never- 
theless be  removed  again  and  again  by  a repetition  of  the  injection,  and 
in  some  cases  a permanent  cure  results.  Experience  has,  however,  shewn 
that  the  proportion  of  recoveries  has  not  been  materially  increased  by  the 
use  of  saline  injections.  Still,  distress  is  for  the  time  relieved,  life  is 
undoubtedly  prolonged,  some  cases  seem  to  be  saved ; and  in  the  face  of 
impending  death  anything  that  oflers  the  faintest  hope  of  rescue  is  justi- 
fiable. Dr.  Cox  of  Shanghai  has  practised  and  advocated  the  continuoii.s, 
slow  intravenous  injection  of  saline  solution.  The  injection  is  made  by 
gravitation  from  a vessel  raised  about  two  and  a half  feet,  and  maintained 
until  the  symptomsof  collapse  have  finally  disappeaied,  and  reaction  has  been 
established.  Intrav^enous  injection  of  milk  and  transfusion  of  blood  have 
been  tried  without  much  benefit,  if  any.  It  has  been  sought  to  restore 
Huid  to  the  blood  by  injecting  saline  Huids  and  plain  water  into  the 
cellular  tissue,  peritoneum,  bladdei',  and  rectum.  No  harm  has  resulted 
from  such  procedures,  and  little  if  any  good.  The  fluid  is  readily 
absorbed,  but  as  readily  passes  away  through  the  intestines.  It  is 
possible  that  these  artificial  means  of  restoring  water  and  salts  to  the, 
blood  simply  keep  the  exosmotic  current  flowing,  which  might  otherwise 
cease  or  be  reversed  through  the  altered  specific  gravity  of  the  blood. 
It  has  also  been  sought  to  remedy  stagnation  of  the  circulation  by  the 
wai'in  bath  and  mild  rubbing  of  the  limbs.  These  measures  should  be 
applied  with  the  utmost  gentleness.  Rubbing  with  dry  powdered  ginger 
is  a routine  practice  in  India ; clamminess  and  moisture  of  .skin  are  thus 
removed,  and  mild  stimulation  of  the  cutaneous  vessels  and  nerves 
attained.  The  practice,  if  cautiously  followed,  does  no  harm,  and  j)rob- 
ably  does  some  good. 

4.  (Jonsnve  the  iSodii  Heat. — The  great  depression  of  surface  tempera- 
ture which  takes  place  in  the  collapse  stage  of  cholera  is  no  doubt  due  to 
many  causes — amongst  them  the  direct  effect  of  the  poison  on  the  nerve- 
centres,  the  disturbance  of  circulation,  and  the  loss  of  fluids  from  the 
intestinal  and  cutaneous  sui-faces.  It  is  probably  more  a sign  than  a 
cause  of  exhaustion.  Still,  it  seems  desii-able  to  prevent  the  escape  of 
the  bodily  heat.  The  temperature  of  the  room  should  not  be  allowed 
to  fall  below  70°  F.,  ajul  the  air  in  the  immediate  vicinity  of  the 
])atient  should  be  warmed  by  a few  hot  bi'icks  oi-  bottles : this  is  better 
than  loading  him  with  bedding.  Ventilation  should  be  free,  but  draughts 
avoided ; in  hot  climates  the  punkah  should  be  gently  pulled.  The 
surface  should  be  kept  as  diy  as  possilde,  and  gentle  wiping  with  soft 
cloths  or  rubbing  Avith  dry  ginger  poAvder  resorted  to.  The  Avarm  bath 
also  tends  to  restore  the  surface  temperature. 
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5.  Allay  Thirst. — The  craving  for  fluids  in  cholera  is  astonishing, 
and  ought  to  be  gratified ; but  large  draughts  excite  violent  vomiting 
and  so  lead  to  exhaustion.  Giving  lumps  of  ice  to  suck  is  perhaps  the 
l>est  method  of  cpienching  thirst ; still,  small  quantities  of  iced  soda-water, 
iced  champagne  and  soda,  barley  or  arrowroot  water,  milk  and  soda,  or 
teaspoonfuls  of  cold  jelly  or  clear  soup  may  be  administered  at  short 
intervals.  The  injection  of  fluids  into  cavities  and  tissues  tends  indirectly 
to  fulfil  the  same  indication. 

6.  Relieve  Distress  and  Pain. — The  cramps  undoubtedly  constitute  the 
most  painful  symptom  of  cholera,  and  it  is  not  easy  to  relieve  them. 
Probably  the  opiates  administered  in  the  early  stages  exercise  an 
analgesic  eflect.  Hot  applications,  the  warm  bath,  gentle  frictions  with 
anodyne  liniments,  or  even  moderate  counter-irritation  with  chloroform, 
turpentine,  or  mustard,  may  be  tried  ; but  nothing  relieves  cramps  so 
well  as  moderate  and  intermittent  chloioform  iidialation.  Camphor 
has  been  recommended  internally,  externally,  and  hypodermicall}^  For 
the  severe  abdominal  pains  which  are  sometimes  met  with,  hot  applica- 
tions and  counter-irritation  with  chloroform  or  mustard  give  relief.  In 
early  stages  a moderate  dose  of  liquid  extract  of  opium  may  be  injected 
over  the  seat  of  pain.  The  relief  of  general  distress  is  best  accomplished 
by  wai’m  baths  and  intravenous  injections,  but  these  must  be  used  Avith 
caution  and  judgment.  Sir  Lauder  Brunton  has  recommended  the 
hypodermic  injection  of  atropine  in  cholera,  but  rather  on  the  ground 
of  its  known  antagonism  to  muscarine,  Avhich  causes  symptoms  closely 
resembling  cholera,  than  on  account  of  its  anodyne  properties.  Suffi- 
cient trial  has  not  as  yet  been  made  of  the  drug  to  warrant  its  confident 
recommendation. 

7.  Check  Persistent  Dian-hcea. — Persistent  or  recurrent  pinging,  caus- 
ing exhaustion  and  delaying  recovery,  sometimes  occurs  in  the  stage  of 
reaction.  Vegetable  astringents  or  mineral  acids  may  be  given  in  small 
doses  well  diluted,  but  the  large,  warm,  astringent  rectal  injections 

, recommended  b}'  Catani  are  more  efficient.  Twenty  grammes  (308 
grains)  of  tannic  acid  and  as  much  gum-arabic  are  dissolved  in  one  litre 
of  Avater.  The  injection  is  made  very  sloAvly  by  gravitation  to  such 
amount  as  the  patient  can  comfortably  bear.  Blood  heat  is  the  best 
temperature,  and  the  material  should  be  retained  as  long  as  possible  (AVall). 

8.  Check  Irritability  of  Stomach. — This  may  be  manifested  as  obstinate 
vomiting  or  incessant  hiccup;  or  signs  of  severe  gastn'tis,  induced 
perhaps  by  injudicious  administration  of  food  and  stimulants,  may  be 

' present.  There  is  no  special  cure  for  this  condition,  Avhich  is  to  be 
« treated  on  ordinary  pi'inciples. 

9.  Reduce  Excessive  Temperature. — It  is  extiemely  dilficult  to  fulfil 
this  indication  ; and  this  is  the  more  to  be  regretted  inasmuch  as  the 
hyperpyretic  form  of  cholera  is  very  fatal.  Ice  sucking  and  the  sIoav 
injection  of  bulky  cold  enemas  may  be  tried  ; antipyretics  should  be 
aA^oided.  Tepid  baths  gradually  cooled  may  lie  resorted  to,  but  great 
caution  is  necessary  in  any  such  adA^entures. 
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10.  lledore,  tlie  Sccrdion  of  Bile  ami  Urine. — As  regards  the  bile,  very 
little  if  anything  can  be  done  to  promote  its  secretion  or  evacixation  ; 
in  most  cases,  fortunately,  nothing  need  be  done.  Usually,  when  the 
cold  stage  has  passed  and  spasmodic  closure  of  the  ducts  is  relaxed,  the 
flow  is  resumed.  Sometimes  the  outpouring  of  the  imprisoned  bile  is 
excessive  and  gives  rise  to  bilious  vomiting.  In  those  cases  in  which  the 
function  of  the  liver  has  been  so  much  impaired  that  a watery  material 
is  j)Oured  into  the  ducts  instead  of  bile,  no  means  have  been  discovered 
of  correcting  the  condition.  Calomel  has  been  given  in  large  and  small 
doses,  with  the  intention  of  stimulating  the  secretion  and  discharge  of 
bile.  Lai'ge  doses  are  undoulxtedly  injurious,  and  small  doses,  even 
when  combined  with  soda,  are  of  veiy  doubtful  value. 

The  restoration  of  the  urinary  excretion  is  a more  important  object ; 
its  prolonged  suppression  is  fatal.  Dry  cujxping,  hot  fomentations  and 
poultices  may  be  applied  in  cases  of  delayed  return  ; and  water, 
milk  and  water,  barley  water,  freely  given.  Diuretics  should  be 
avoided.  AVhen  head  symptoms  are  severe  and  the  bowels  confined, 
mild  enemas,  or  even  a little  castor-oil  emulsion,  may  be  given  ; but 
great  caution  is  necessary  in  the  use  of  such  measures.  The  bladder 
should  be  examined  by  catheter  occasionally  if  necessary. 

Special  .p/mptoms,  complicatvms,  and  seqnels  are  treated  according  to 
the  apjxropriate  methods,  always  bearing  in  mind  the  great  strain  to 
which  the  system  has  been  subjected  by  the  choleraic  process,  the 
special  danger  of  re-exciting  gastro-intestinal  irritation,  or  of  putting 
additional  stress  on  the  damaged  liver  and  kidneys,  on  the  restoration  of 
which  to  healthy  function  life  so  greatly  depends. 

In  most  cases  of  recovery  from  cholei’a  health  and  strength  are 
rapidly  regained,  and  the  patient  in  a few  days  seems  none  the  worse 
for  his  attack.  In  some  cases  anaemia,  emaciation,  debility,  deranged 
stomach  and  bowels,  and  general  enfeeblement  and  bad  health  of  a 
persistent  and  intractable  description,  ensue.  Change  of  air  is  the  best 
means  of  combating  this  state.  Tonics  and  careful  dieting  and  regimen 
are  also  necessary. 

The  dieting  of  cholera  subjects  is  a difficult  task.  The  simplest 
possible  liquid  food  should  be  given  in  small  quantities  during  the 
attack,  and  ordinary  food  be  very  gi’adually  resumed  during  convales- 
cence. It  is  needless  to  catalogue  here  the  articles  of  diet  which  may 
be  administered.  These  directions  must  be  left  to  the  disci’etion  of  the 
practitioner,  but  fatal  relapses  have  not  infrequently  been  caused  by 
injudicious  dieting.  Finally,  it  may  be  asserted  with  confidence  that, 
although  no  “ cure  ” of  cholera  has  as  yet  been  discovered,  careful 
attention  to  the  state  of  the  patient,  with  a view  to  the  fulfilment  of  the 
needs  which  I have  indicated  above,  Avill  relieve  much  suffering  and  save 
many  lives.  Kennkth  Maot.eod. 

The  following  work.s  may  be  consulted  with  advantage  as  regards  the  as])ects  of 
cholera  ])resented  in  the  foregoing  article  : — 1.  Jameson,  J.  Er.port  on  the  Epidemic 
Cholera  Morbas  as  it  v-lsUed  the  Territories  svhjeet  to  the  Presidency  of  Bengal  in  the. 
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IVrtTS  1817-1818-1819.  llrawii  up  hy  ordiT  ot'  tlio  Goveniiiieiit  under  the  suiieriiiteiid- 
fiice  of  the  Jledieal  Hoard,  Caleutla.  Printed  at  the  Government  Gazette  Press. — 
‘2.  Annksi.ey,  J.  Sk'ctchcs  of  the  must  Prevalent  Diseases  of  India,  eumprisimj  a 
Treatise  on  the  Epidemic  Cholera  of  the  East.  8vo.  London,  182f>. — 8.  M acpiikusok, 
J.  Cholera  in  its  Home,  v-ith  a Sketch  of  the.  Palhohajii  and  Treatment  of  the 
Disease.  8vo.  Lonilon,  1866.  Annals  of  Cholera  front  the  Earliest  Periods  to  the 
Year  1817.  8vo.  London,  1872. — 4.  Macn..\.m.vi;a,  C.  K.  A Jfistori/  of  Asiatic 
Cholera.  8vo.  London,  1870  and  1876.  Al.so  artieles  in  t,hiain’s  Dietionary  of 
Medicine  and  Davidson's  Hijt/iene  and  Diseases  of  U'ann  Climates. — [>.  P.-viikes, 
Fi.  A.  Researches  into  the  Patholot/y  and  Treatment  of  the  Asiatic  or  Ahjide  Cholera. 
8vo.  London,  1847.  A\so  Eritish  and  Foreiijn  Mcdico-Chirurgical  lievieir,  1848,  i.  236; 
London  .fournal  of  Medicine,  F'ebrnary  1849,  on  tlie  “ Intestinal  Hiscliarges  of  Cholera," 
and  numerous  articles  in  the  Reports  of  the  Army  .Medical  Dejiartment. — 6.  Goomcvi;, 
E.  “ Epidemic  Cholera,”  in  Reynolds's  Si/stem  of  Medicine. — 7.  SciiMi  nr,  C.  Deitrag 
znr  Lehre  con  der  Cholera.  8vo.  Mnirzhurg,  1837.  Charakteristik  tier  epideinisehcti. 
Cholera  gegen  ubervericandten  Transsudations-Anomalien.  Lei]izig  und  Mitan,  1850. — 

8.  Mui:uay,  .1.  Report  on  the  Treatment  of  Epidemic  Cholera.  Ciflculta,  I860. — 

9.  Lkwi.s,  T.,  and  CrsNi.von.v.M,  D.  D.  Numerous  papers  on  the  IMieroseopy  and 

Pathology  of  Cholera  appended  to  the  the  Sanitary  Commissioner  tcith  the 

(rovernment  of  India  since  1870.  — 10.  Hieiixacki.  Dentsehe  med.  U'oehenschr. 

Leipzig,  1895,  p.  795. — 11.  Kocii  and  tl.VFKKY.  Report  of  the  (lerman  Cholera 
Commission  of  1883-1884.  Also  numerous  papers  by  Koch  in  German  medical 
periodicals. — 12.  \V.\r,i,,  A.  J.  Asiatic  Cholera:  its  History,  Pathology,  and.  Modern 

Treatment.  8vo.  London,  1893. — 13.  Cox,  RoiiEiiT  H.  “ Tlie  Treatment  of  Cholera 
li3'  Intravenous  Saline  Injeetion,”  China  Imperial  Maritime  Customs  Medical  Reports 
for  the  year  ending  31s<  March  1898. — A more  extended  hibliogra.j>hy  will  be  found  in 
Ilirsch's  Handbook  of  Geographical  and  Historical  Pathology,  vol.  i..  New  Sydenham 
Soe.,  1883,  and  in  the  Index  Catalogue  of  the  Libra.mi  of  the  Surgeon-General' s Office, 
r.S.  Army,  vol.  iii.,  1882,  and  2nd  series,  vol.  iii.,  1898. 
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DYSENTERY 

(1.)  Bacillary.  (II.)  Amosbic.  (III.)  Other  Protozoan  Forms 

I. — Bacillary  Dysentery 
By  Andrew  Davidson,  M.D.,  F.R.C.P.Ed. 

Bacteriology  and  Pathology,  by  Simon  Flexner,  M.D. 

Synonyms.  — Gr.  Aeo-evTcpra  (dis,  difficulty  ; evrepov,  tlic  bowel)  ; Lilt. 
Tormina ; Eng.  The  blood//  Jinx ; Fr.  Dtjsenterie,  Tffnesme ; It.  Dis- 
senteria,  Fhisso  ■,  Span.  Disenteria,  Cumartis  de  Sanr/ve ; Gei'.  Jhi/ir  ■, 
Swed.  Ecedsot. 

Definition. — -Dysentery  is  the  clinical  expression  for  a group  of  con- 
gestive or  inflammatory  diseases  of  the  large  intestine,  often  terminating 
in  necrosis,  ulceration,  or  gangrene ; characterised  by  frequent  mucous 
or  serous  stools,  mixed  with  blood,  and  generally  accompanied  by  more 
or  less  tormina  iirul  tenesmus,  ivith  or  without  fever. 

Forms  of  the  Disease. — Recent  researches  justify  us  in  recognising 
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two  specific  forms  of  dysentery — the  bacterial  and  amoebic — difi'ering  in 
cause,  course,  lesions,  symptoms,  and  complications,  as  well  as  in  their 
geographical  range  and  mode  of  spread.  Symptoms,  clinically  indis- 
tinguishable from  specific  bacterial  dysentery,  also  arise  from  chill, 
dietetic  errors,  and  mechanical,  toxic,  or  parasitic  irritants.  Cases  of 
this  kind  may  be  distinguished  as  pseudo-dysentery.  Amoebic  dysentery 
is  described  on  p.  527. 

Epidemic  Manifestations. — Dysentery  occurs  as  an  epidemic,  endemic, 
and  sporadic  disease.  Epidemics  of  dysentery  may  be  divided  into  major, 
minor,  and  institutional,  according  to  their  extent  of  diffusion.  .Major 
or  general  epidemics  occur  only  at  considerable  intervals,  and  last  for 
three  or  four  years,  or  longer,  during  which  time  they  invade  areas 
corresponding,  sa\^,  to  the  half  of  Europe.  They  make  their  appearance 
almost  simultaneously  in  widely  separated  localities,  Avhich  are  often 
marshy.  From  these  primary  centres  the  infection  extends  to  neighbour- 
ing villages  and  towns,  then  to  more  distant  places ; but  in  such  a manner 
that  it  passes  over  certain  localities  to  attack  others  more  remote,  coming 
back  later  upon  some  of  those  spared  at  first,  sheAving  that  local  con- 
ditions count  for  something  in  its  diffusion.  The  diseasp  dies  out  in 
winter,  but  reappears  in  the  succeeding  summers,  and  extends  to  countries 
wliich  escaped  during  the  first  years  of  the  outbreak.  These  general 
epidemics  almost  invariably  begin  in  years  of  exceptional  heat  and 
drought,  lAut  they  may  persist  and  spread  after  the  character  of  the 
seasons  Avhich  started  them  have  changed.  As  examples  of  this  kind, 
we  may  mention  the  great  European  epidemics  of  1538-40,  of  1717-19, 
of  1779-83,  and  of  1834-36.  These  major  epidemics  are  not  to  be  con- 
founded Avith  the  Avidespread  outbreaks  of  dysentery  folloAAung  on  Avar 
and  famine,  to  Avhich  Ave  shall  presently  advert.  Apart  from  famine,  I 
have  met  Avith  no  accounts  of  major  epidemics  of  d3^sentery  in  tropical 
countries.  Minor  or  local  epidemics  are  of  frequent  occurrence  in  most 
countries  of  Europe,  but  have  been  almost  unknown  in  the  British  Isles, 
except  as  asylum  outbreaks,  for  more  than  half  a century.  In  1901  a 
small  outbreak  occurred  at  Aldershot,  believed  to  haAm  been  introduced 
from  South  Africa;  there  AAmre  170  cases  and  38  deaths  in  a popula- 
tion of  31,000.  Scarcely  a year  passes  Avithout  epidemics  of  this  kind 
being  reported  from  France,  Germany,  Austria,  Italy,  and  Russia,  and 
they  are  also  met  Avith  in  tropical  and  subtropical  countries.  They  arc 
genei-ally  limited  to  areas  corresponding  to  tAvo  or  three  toAvnships  or 
parishes,  to  one  or  tAvo  hamlets,  and  occasionally  even  to  isolated  houses. 
In  certain  years  the  number  of  these  local  outbreaks  occurring  in  different 
parts  of  a country  are  so  considerable  as  to  approach  the  dimensions  of 
a general  epidemic,  and  Avhen  this  is  the  case,  the  same  meteorological 
conditions  Avhich  determine  the  latter,  viz.  heat  and  drought,  are  generally 
in  operation. 

Institutional  epidemics — caused  in  most  cases,  as  are  the  other  forms, 
by  the  .specific  bacillus — are  confined  to  bodies  of  people  living  under  the 
.same  conditions,  as  in  barracks,  camps,  asylums,  and  jails.  Their  modes 
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of  spread  are  not  always  the  same.  The  asylum  dysentery  of  Englaml 
does  not  appear,  from  Dr.  Gemmel’s  statistics,  to  be  a seasonal  disease ; 
whereas  the  tlysentery  of  barracks  and  camps  is  generally  most  prevalent 
in,  if  not  restricted  to,  summer  and  autumn. 

Endemic  dysentery  is  met  with  in  warm  climates  only,  where  it 
occurs  throughout  the  year  in  certain  localities  with  more  or  less  marked 
seasonal  variations  in  frequency.  No  connexion  between  the  cases  can 
usually  be  traced,  and  it  is  exceptional  for  several  members  of  a house- 
hold to  be  attacked  in  succession. 

Sporadic  dysentery  occurs  in  strictly  isolated  cases,  in  places  and 
times  where  the  epidemic  or  endemic  forms  are  rare  or  ludoiown.  I'his 
form  is  of  special  interest  as  bearing  on  the  existence  of  the  bacillus  in 
the  surroundings  of  man.  A case  occurring  in  England  with  Jl.  fh/seiitcrict’ 
in  the  stools  has  recently  been  described  by  Dr.  Saundby. 

Circumstances  Influencing  the  Prevalence  of  Dysentery. — LatitwHnal 
(uul  Altitudinal  factors. — Dysentery  is,  in  the  fullest  sense  of  the  word, 
a ubi(iuitous  disease,  being  met  with  in  every  inhabited  region  of  the 
globe  from  the  equator  to  the  arctic  circle.  In  a general  way,  it  increases 
in  frequency  as  we  approach  the  equator.  Dysentery  is  nearly  three 
times  more  fatal  in  the  south  than  in  the  north  of  France.  In  the  foui' 
northern  departments  of  Itidy  the  dysentery  death-rate  is  0‘7,  and  in  the 
four  southern  departments  it  stands  as  high  as  5T  per  10,000  of  the 
population.  The  same  relation  to  latitude  comes  out  veiy  clearly  in  the 
United  States.  AVhile  in  the  North  Atlantic  Coast  region  the  ratio  of 
admission  for  d}^sentery  in  the  army  for  a series  of  years  was  G7‘0,  on 
the  Atlantic  Coast  of  Florida  it  reached  171 ’0  per  1000,  and  the  same 
increase,  though  less  regular,  is  observed  in  the  inteiior,  from  the  region 
of  the  lakes  southwards.  But  this  latitudinal  relation  is  not  uniform  in 
temperate  climates.  Sweden  has,  until  quite  recent  years,  been  more 
lial^le  to  dysentery  than  many  countries  situated  much  further  to  the 
south  ; and  Ireland  might  also  be  quoted  as  another  exception,  although 
here  too  dysentery  has  been  gradually  dying  out  during  the  past  half 
century. 

In  tropical  and  subtropical  countries  the  prevalence  of  dysentery  is 
less  regulated  by  latitude  than  in  temperate  climates.  In  the  Gaboon, 
for  example,  under  the  eiiuator,  dysentery  is  less  frequent  than  in  Senegal, 
which  is  situated  1 3 degrees  north  ; and  it  is  distinctly  less  prevalent  in 
some  parts  of  the  south  than  in  the  north  of  India.  In  warm  climates, 
where  the  temperature  at  all  seasons  of  the  year  is  sufficiently  high  to 
permit  the  free  growth  of  the  virus  in  the  surroundings  of  man,  the 
prevalence  of  the  disease  is  determined  less  by  temperature  than  by  other 
climatic  factors,  and  by  the  sanitary  and  social  circumstances  of  a conu 
I munity. 

The  inffuence  of  altitude  on  the  prevalence  of  dysentery  is  perhaps 
' ' more  marked  in  the  tropics  than  that  of  latitude.  Other  things  being 
/ equal,  dysentery  decreases  as  altitude  increases.  The  following  figures 
. give  the  admissions  per  1000  for  dysentery,  according  to  altitude,  iu  the 
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European  army  of  India  for  the  years  1895-97.  Making  allowance  for 
the  ijreater  prevalence  of  amoebic  dysentery  at  lower  elevations,  the 
general  law  comes  out  clearly  enough  : — 

liclow  1(X)  feet  fOOtofiOO  500  to  1. TOO  1500  to  3500  3500  to  5000  5000  to  8000  8000  to  13,000 

-11-9  '-n-h  20-3  28-6  18-7  18-9  3'8 

Season  and  Weather . — Dysentery,  to  use  Sydenham’s  expression, 
belongs  to  the  “ true  brood  ” of  summer-autumn  diseases,  and  this  is  true 
wherever  the  distinction  of  seasons  is  well  marked.  This  dependence  on 
season  is  most  evident  in  the  epidemic  dysenteiy  of  temperate  climates. 
Ilir.sch  found  that  of  705  epidemics,  528  occurred  in  summer,  or  in 
summer  and  autumn;  137  in  autumn,  or  in  autumn  and  winter;  14  in 
winter ; and  25  in  spring,  or  in  spring  and  summer.  The  determining 
factor  here  is  indisputably  temperature,  although  other  elements,  no 
doubt,  come  in  as  modifying  influences,  the  most  important  of  which  is 
supposed  to  be  the  diurnal  fluctuations  of  temperature,  which  set  in  at 
the  end  of  summer  and  are  most  marked  during  the  autumn  months. 
In  most  parts  of  the  tropics  the  seasons  are  distinguished  into  dry  and 
rainy,  rather  than  into  warm  and  cold.  The  alternating  periods  of 
drought  and  rainfall,  the  effects  of  which  are  visible  in  the  changing 
aspects  of  tlie  vegetable  kingdom,  make  their  influence  felt  on  animal 
life.  Hirsch  concludes  that  rainfall  has  little  influence  on  the  prevalence 
of  dysentery.  It  would  be  more  correct  to  say  that  its  influence  is 
variable  according  to  locality  and  circumstances.  The  rainfall  Avhich  in 
one  locality  has  a beneficial  effect  by  clearing  the  soil  of  impurities,  leads 
in  anotlier  to  accumulation  of  organic  matters,  forming  foci  of  in- 
fection which  come  into  activity  as  the  rains  cease.  Equally  variable 
are  the  effects  of  rainfall  on  the  water-supply.  In  one  locality  the  rain- 
fall fills  the  taidcs  and  cisterns  with  pure  water  and  diminishes  the 
pi-evalence  of  dysentery ; in  another,  it  produces  the  opposite  effect  by 
washing  surface  impurities  into  wells.  Fearnside  found  the  number  of 
microbes  in  the  wells  of  the  Cannanore  central  jail  to  average  300  to 
400  per  cubic  centimetre  during  the  dry  season.  When  the  rain  began 
in  June  the  number  rose  to  10,000,  and  increased  to  nearly  20,000  as 
the  monsoon  advanced.  In  Cannanore,  with  its  excessive  rainfall,  dysen- 
tery is  most  prevalent  during  the  rainy  season ; whereas  in  other  parts 
of  the  country,  where  the  rainfall  is  scantier,  dysentery  prevails  during 
the  winter  months.  In  German  New  Guinea  dysentery  is  most  common 
in  the  cold  rainy  months.  Wherever,  in  short,  the  rainfall  leads  to  soil 
or  water  pollution  it  increases  the  prevalence  of  dysentery  at  the  time 
when  this  pollution  is  most  marked.  Hence  the  torrential  rains  which 
accompany  cyclones  are  so  frequently  followed  by  a marked  increase  in 
the  dysentery  death-rate,  as  was  notably  the  case  in  Porto  Kico  after  the 
hurricane  of  1899,  and  in  Jamaica  after  the  hurricane  of  August  1903. 

The  following  rules  respecting  the  seasonal  prevalence  of  dysentery 
in  the  tropics  hold  good  generally,  but  admit  of  many  exceptions.  ■ (1) 
The  more  equable  a climate  is,  the  more  uniformly  is  dysentery  dis- 
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tributetl  over  the  ditl'erent  seasons.  (2)  AVhere  a distinct  rain}’  season 
exists,  dysentery  is  generally  most  prevalent  vhen  the  moist  soil  is  begin- 
ning to  dry  up.  (3)  A high  temperature  succeeding  a prolonged  dry 
season  does  not  give  rise  to  any  notable  increase  of  dysentery  until  the 
rains  set  in.  Extreme  drought,  if  long-continued,  has  an  iidubitory  in- 
fluence on  dysentery.  (4)  The  etlects  of  high  diurnal  ranges  of  tempera- 
ture are  most  marked  at  the  end  of  the  rainy  season,  when  the  body  is 
relaxed  by  the  summer  heat. 

The  following  table  gives  the  seasonal  distribution  of  100  cases  of 
dysentery  in  the  equable  climates  of  Martinique  and  Cayenne,  and  in 
Senegal  and  Bengal,  where  the  seasons  arc  moi-e  sharply  defined.  The 
figures,  unfortunately,  include  both  the  ammbic  and  bacillary  forms  of 
dysentery. 


1 

Mai'tiniqiif. 

Cayenno. 

St.  Loui.s 
(Senegal). 

Bengal 

(Native  Army). 

Jaiiuary-Mai’cli 

28 -40 

21-92 

18-34 

28-1 

April- June 

. , 25-15 

22-25 

15-30 

13-7 

July-Septeniber 

24-20 

28-48 

28-39 

19-7 

October-Deceniber . 

22-16 

27  -33 

37-97 

37  -35 

Relation  to  Soil. — In  temperate  climates  dysentery  shews  a predilec- 
ition  for  moist,  marshy  districts.  It  is  thus,  to  use  the  words  of  Kelsch 
, and  Kiener,  that  the  reports  of  the  Academy  continually  notice  dysentery 
as  occurring  in  the  various  departments  of  Brittany,  in  the  fluvial  districts 
of  the  Lower  Loire  and  its  affluents,  in  the  basin  of  the  Somme,  on  the 
plateaux  of  the  Doubs  and  the  Vosges.  The  southern  part  of  Finistere, 
rille-et- Vilaine,  some  districts  of  the  Cotes -du-Nord,  and  above  all 
k •Morbihan,  have  acquired,  in  this  respect,  a .sad  notoriety.  Local 

■ 'epidemics  of  dysentery  often  result  from  the  cleaning  out  of  canals 
: land  ponds,  when  the  mud  is  exposed  to  the  action  of  the  sun.  An  in- 
I I stance  of  this  kind  occurred  at  Leymcn  (Haut-Khin)  in  August  1850, 

:upon  the  cleaning  out  of  a vast  slimy  reservoir,  situated  iu  the  midst  of 
j the  village.  The  first  cases  declared  themselves  in  a few  days  after  the 
' 'exposure  of  the  mud,  and  occurred  in  the  houses  nearest  to  the  reser- 

I voii’.  The  disease  spread  afterwards  to  almost  every  house  in  the  village, 
dying  out  only  towards  the  end  of  October.  The  mud  in  this  and 

■ similar  instances  was  no  doubt  fcecally  polluted  and  contained  the  virus 
of  dysentery.  It  is  not  so  certain  Avhether  this  explanation  holds  good 
for  those  outbreaks  (and  they  are  also  numerous)  which  have  stai’ted 

I I from  the  drying-up  margins  of  a marsh.  Sodr6  states  that  in  the  latter 
I'  part  of  1863  dysentery  appeared  in  the  city  of  Bio  de  Janeiro  with  an 
Jspidemic  character,  spreading  throughout  the  city  and  suburbs,  and 

■ extending  to  the  neighbouring  states.  This  outbreak  coincided  with  the 
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great  excavations  made  in  all  the  streets  of  the  city  in  order  to  lay  the 
net-work  of  sewage  pipes.  Here  soil-pollution  no  doubt  came  into  play. 

Fiecal  pollution  of  soil  is  a common  cause  of  dysentery.  It  has  been 
the  experience  of  armies  from  the  earliest  times  that  dysentery  is  sure  to 
appear  when  a camping-ground  has  been  occupied  long  enough  for  the 
soil  to  become  polluted.  Pringle  relates  that  when  the  English  army 
removed  from  Hanau,  where  it  had  been  suffering  from  dysentery,  there 
was  such  a remarkable  decline  in  the  disease  “ that  the  change  could  only 
be  imputed  to  the  leaving  behind  the  infectious  privies,  the  fold  straw, 
and  the  filth  of  a long  encampment.”  The  gradual  increase  of  dysentery 
observed  in  camps  occupied  for  only  a part  of  the  year  points  clearly  to 
progressive  soil  infection.  AVhen  the  camp  at  Chfilons,  for  example,  was 
formed  in  1857,  diarrhoea  and  dysentery  were  almost  entirely  absent, 
but  increased  year  by  year  until,  in  1854,  there  were  456  cases  of 
dysentery  and  C deaths ; and  it  is  I’emarkable  that,  although  the  active 
period  for  the  manoeuvres  opened  in  May,  dysentery  only  made  its 
appearance  in  July,  and  continued  until  the  camp  broke  up  in  Sep- 
tember, shewing  that  a certain  temjjerature  is  required  for  the  growth  of 
the  germ.  In  1890  dysentery  developed  almost  exclusively  in  a fraction 
of  the  troops  assembled  at  Clifdons,  and  it  was  found  that  these  occupied 
exactly  the  same  ground  where  a regiment  attacked  by  the  disease  had 
encamped  the  year  before  (Sodre).  It  is  uncertain  how  long  a polluted 
soil  may  retain  the  infection.  The  history  of  the  camp  at  Chalons  points 
to  the  infection  clinging  to  the  soil  from  one  year  to  another. 

In  the  tropics  dysentery  appears  to  be  more  independent  of  moisture  of 
the  soil  than  in  temperate  climates,  and  it  may  spread  in  very  dry  localities. 
It  is  certaiid}^  remarkable  to  find  that  in  1901  dysentery  gave  rise  to  78 
admissions  per  1000  among  the  native  troops  in  Aden,  with  its  sun- 
scorched  rocks  and  burning  sands,  and  only  to  41 ‘8  iier  1000  amongst 
those  stationed  in  Colombo  ivith  its  heavy  rainfall.  Apai-t,  however, 
from  exceptional  instances  of  this  kind,  Maclean’s  statement  that  “in 
India  dysentery  prevails  most  and  is  most  fatal  on  moist  alluvial  soils,” 
is,  I believe,  true  of  the  tropics  generally. 

Eclation  to  Drinking  Water. — Marsh  water,  not  specifically  polluted, 
was  believed  by  Colin  to  give  rise  to  dysentery,  and  the  use  of  brackish 
water  has  often  been  similarly  accused.  According  to  Parkes,  the 
dysentery  of  Walcheren  in  1809  “was  in  no  small  degree  owing  to 
bad  water,  which  was  almost  everywhere  brackish.”  The  greater  pre- 
valence of  dysentery  in  the  province  of  Oran  than  in  the  other  provinces 
of  Algeria  is  ascribed  to  the  irritating  properties  of  the  water,  imjireg- 
nated  with  salts  of  soda  and  magnesia.  The  use  of  surface-water  during 
campaigns  in  warm  climates  has  frequently  been  observed  to  give  rise  to 
dysentery.  Prof.  Simpson,  in  his  rejiort  on  enteric  fever  and  dj'sentery 
in  South  Afi'ica,  states  that  “ the  drinking  of  suidace-waters  was  the  most 
usual  cause  of  dysentery  during  the  Avar.”  This  is  in  striking  accordance 
Avith  the  obserA’ations  of  Barthelemy  in  the  French  expedition  to 
Dahomey.  “ So  long,”  he  says,  “ as  the  soldiers  drank  only  river  or 
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boiled  water  they  remained  free  from  the  disease,  but  after  hostilities 
began,  and  the  troops  were  comjjelled  to  drink  surface-water,  dysentery 
appeared.” 

The  influence  of  fiecally  polluted  water  in  giving  rise  to  the  disease 
is  proved  beyond  all  doubt  by  instances  so  numerous,  conclusive,  and 
well  known  that  we  only  adduce  the  following,  since  it  illustrates  at  the 
same  time  the  occasional  permanence  of  well-infection.  Read  states  that 
dysentery  broke  out  in  Metz  in  1870,  and  was  restricted  to  two  regi- 
ments which  were  found  to  derive  their  water  - snppl}^  from  fiscally 
polluted  wells.  When  these  were  closed  the  outbreak  immediately 
ceased.  In  1881  (eleven  years  after)  the  same  barracks  were  occupied 
by  other  troops,  and  the  previously  interdicted  wells  were  once  more 
made  use  of,  with  the  result  that  dysentery  again  declared  itself,  and 
continued  until  a pure  water-supply  was  substituted. 

The  decrease  of  dysenteiy  which  so  uniformly  follows  the  supply  of 
purer  water  in  ships  and  barracks  is  another  proof  of  the  vast  importance  of 
water  as  a vehicle  of  infection.  Dr.  Coppinger  states  that  the  substitution 
of  distilled  for  ordinary  water  in  the  British  navy'  was  followed  by  a fall 
in  the  dysentery  death-rate  from  12 ‘7  to  D2  per  1000.  The  mortality 
among  the  Dutch  troops  in  Java  for  the  ten  years  1869-78  was  13  pei- 
1000.  When  water  derived  from  artesian  wells  was  supplied  it  fell  to 
O' 7 per  1000.  In  the  same  way,  the  decrease  of  dy'sentery  in  the 
Euroj^ean  army  in  India  has  kept  pace  with  the  increasing  attention 
paid  to  the  purity'  of  the  water-supply,  as  will  be  seen  from  the  folloAving 
.figures : — 

Period.  Dy.sentery  Death-rate.  Period.  Dj  sentery  Death-rate. 
1860-69  2-62  1880-89  0'79 

1870-79  1-36  1890-99  0 88 

Relation  to  Food. — Food  is  apt  to  become  contaminated  by  the  dis- 
charges of  dysenteric  patients,  through  the  agency  of  currents  of  air  and 
insects,  especially  the  common  fly. 

Dysentery'  is  a constant  attendant  on  long-continued  famine,  and, 
arising  in  this  way,  it  is  usually  the  precursor,  in  temperate  climates,  of 
typhus,  relapsing  fever,  and  scurvy.  Famine  dysentery  is  not  restricted 
to  any?-  season  of  the  year ; it  rages  in  winter  and  spring  as  well  as  in 
summer  and  autumn,  and  in  temperate  climates,  especially  Avhen  attended 
by  typhus,  it  is  in  a marked  degree  communicable.  The  Irish  emigrants 
in  1847-48  brought  the  seeds  of  the  malady  with  them  to  England,  where 
it  spread  to  some  extent  among  the  English  population,  which  was  not 
I suffering  from  scarcity,  and  they  also  introduced  the  infection  into  America, 

1 where  it  spread  Avidely  and  continued  to  prevail  for  eight  years.  The 
I effect  of  the  Indian  famine  of  1897  was  to  double  the  cholera  mortality, 

I to  raise  the  fever  death-rate  from  23'13  to  40'98,  and  to  increase  four- 
I fold  the  deatlis  from  dysentery  and  diarrhoea.  The  famine  dysentery  of 
India  does  not  exhibit  the  infectious  character  observed  in  the  famine 
! dysentery  of  temperate  climates.  Scarcity,  not  amounting  to  famine, 
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especially  when  combined  with  other  hardships,  predisposes  to  dysentery. 
Col.  Robertson  relates  that  during  the  South  African  war  the  Eighth 
Division  had  to  make  long  and  rapid  marches  on  half  rations.  “ The 
result  was  severe  dysentery,  even  when  not  in  a standing  camp,”  that  is, 
when  soil-infection  did  not  come  into  play. 

The  use  of  improper  food  is  an  incident  of  all  famines,  and  it  is 
impossible  to  say  to  what  extent  inanition  and  the  use  of  unsuitable  food, 
respectively,  are  responsible  for  the  outbi’eak  of  famine  dysentery.  Per- 
haps it  was  not  without  reason  that  the  ancients  more  frequently  ascribe 
the  dysentery  of  famine  times  to  the  use  of  “ corrupt  food  ” than  to- 
actual  want.  Herodotus  attributes  the  dysentery  wdiich  destroyed  the 
retreating  forces  of  Xerxes  to  their  eating  herbage  and  the  bark  and 
leaves  of  trees,  not  to  starvation.  Instances  might  be  given  in  which 
musty,  mildewed  cereals,  tainted  animal  food,  coarse  food  not  actually 
unwholesome,  and  the  use  of  unripe  or  decomposing  fruits  have  appeared 
to  give  rise  to  dysentery  in  countries  and  seasons  where  the  disease  is 
endemic.  Major  Buchanan  has  often  found  outbreaks  of  dysentery  in 
Indian  jails  to  coincide  with  the  issue  of  badly  cleaned  or  badly  cooked 
cereals.  One  of  the  old  English  synonyms  of  dysentery,  as  Dr.  Creighton 
points  out,  was  “ surfeit,”  indicating  that  our  ancestors  connected  dysen- 
tei-y  with  excesses  in  certain  articles  of  food ; this,  indeed,  may  have 
been  the  case  at  a time  when  the  germ  of  dysentery  was  widely  diffused 
throughout  the  country.  It  is  certain  that  excesses  of  this  kind  do  not 
give  rise  to  dysentery  in  England  at  the  present  day,  biit  they  are  not 
equally  harmless  in  tropical  countries  where  dysentery  is  prevalent. 

Rdalion  to  Fatigue  and  Exposure  to  Alternations  of  Heat  and  Cold. — 
Fatigue,  hardships,  and  exposure,  if  long-continued,  are  sufficient  of 
themselves  to  give  rise  to  pseudo-dysentery,  and  they  powerfully  dispose 
to  true  dysentery.  Hence  dysentery  is  an  inseparable  attendant  on  Avar 
in  all  climates  and  at  all  seasons  of  the  year.  Dysentery  Avais  one  of  the 
most  fatal  diseases  lioth  in  the  Russian  and  Allied  armies  in  the  Crimea 
(18.56-57).  Along  A\dth  diari’ha'a,  dysentery  constituted  a third  of  the 
total  admissions  of  the  Federal  army  during  the  AVar  of  Secession,  viz. 
tAA^o  out  of  six  millions.  In  the  Franco-German  A^^ar  (1870-71)  there 
Avere  38,652  admissions  and  2380  deaths  from  dysentery  in  the  German 
army.  In  South  Africa,  during  the  first  tAvo  years,  the  dysentery  admis- 
sions numbered  24,274  and  the  deaths  975.  EA’en  in  the  non-malarial 
climate  of  Noav  Zealand  the  troops,  Avhen  subjected  to  hardships  and 
compelled  to  lie  out  in  the  Avet  at  night,  suffered  from  dysenteiy.  Sir 
John  Pringle’s  account  of  the  circumstances  in  Avhich  dysentery  broke  out 
among  the  British  troops  in  June  of  1743  is  very  instructive.  The 
army,  Ave  ai'e  told,  marched  all  night  and  fought  next  morning  at 
Dettingen.  Then  the  Aveather,  Avhich  had  previously  been  very  Avarin, 
changed  and  became  cold  and  rainy.  After  the  battle  the  men  lay  on 
the  ground,  Avithout  tents,  exposed  to  a heavy  rain.  Next  day  they 
marched  to  Hanau,  Avhere  they  encamped  on  Avet  ground,  Avithout  straAV. 
“ In  the  space  of  eight  days  after  the  battle  about  500  Avere  seized  Avith 
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dysentery,  and  in  a few  weeks  near  half  the  troops  were  either  ill  or  had 
recovered  from  that  distemper.  It  was  common,  though  not  nearly  so 
frequent,  among  the  officers,  of  whom  those  were  first  seized  who  hap- 
pened to  lie  wet  at  Dettingen  ; the  rest  suffered  by  contagion.”  Two 
companies  in  charge  of  tlie  King’s  baggage,  encamped  at  a short  distance 
from  the  main  army,  eating  the  same  victuals  and  drinlving  the  same 
water,  escaped,  as  they  had  not  been  exposed  to  the  same  fatigues,  and 
to  tlie  rain  and  wet.  But  after  six  weeks,  Avhen  these  two  compaiues 
joined  tlie  main  body,  they  were  at  last  infected.  The  sick  were 
sent  to  the  village  of  Feckenheim,  about  a league  from  the  camj),  and 
there  the  disease  was  communicated  to  the  rest  of  the  patients,  to  the 
nurses  and  apothecaries,  and  to  most  of  the  inhabitants  of  the  village. 
In  the  same  way  the  dysentery-stricken  soldiers  of  the  German  army,  on 
their  return  home  in  1871-72,  established  foci  of  infection  in  many 
localities,  which  have  not  yet  become  entirely  extinct. 

lidation  to  Malaiia  and  other  Diseases. — It  is  needless  to  adduce 
evidence  that  malaria  and  dysentery  are  perfectly  distinct  infections, 
but  they  often  prevail  in  the  same  localities,  and  malaria  disposes  to,  and 
sometimes  aggravates,  dysentery.  i\lajor  Buchanan  (13)  states  that  the 
case-moi'tality  of  dysentery  in  the  jails  of  India  for  the  years  1896-97 
was  3‘8  per  cent,  whereas  in  the  extremely  malaidous  year  1894,  in  certain 
prisons  for  which  he  obtained  the  figures,  it  was  as  high  as  9 per  cent. 
The  two  diseases  often  coexist.  Dysentery  is  a frequent  termination  of 
other  maladies — pneumonia,  phthisis,  kala  azar,  cei'ebro-spinal  meningitis, 
cystitis,  and  surgical  cases.  Intestinal  worms,  by  irritating  the  bowel, 
are  believed  to  favour  the  development  of  dysentery.  Their  pi-esence, 
according  to  Nothnagel,  leads  to  a marked  increase  of  bacteria  in  the 
immediate  neighbourhood  of  the  parasites.  These  bacteria  are  not  always 
non-pat hogenetic,  and  they  may  readily  invade  other  parts  of  the  in- 
testine. 

Modes  of  Spread — Contagion  and  Infection.  — Direct  contagion  in 
dysenteiy  is  practically  i-estricted  to  cases  in  which  an  enema  syringe, 
used  for  a dysenteric  patient,  is  employed  for  giving  an  injection  to  a 
patient  with  some  other  disease  without  being  previousl}^  cleaned,  and 
to  cases  due  to  the  introduction  of  contaminated  fingers  into  the  mouth. 
The  spread  of  dysentery  in  hospitals  is  usually  less  direct.  The  bed- 
clothes, utensils,  floors  or  walls  of  the  ward  become  soiled  by  dyseJiteric 
dejections,  and  the  virus  is  conveyed  to  other  patients  by  food,  water,  or 
I air.  If  wo  are  justified  in  speaking  of  the  transmission  of  dysentery  by 
1 an  enema  syringe  as  contagion,  we  are  clearly  none  the  less  so  when  the 
I virus  finds  its  way  by  a more  indirect  route  from  the  dysenteric  to  the 
» healthy  bowel.  Indirect  contagion  is  a common  mode  of  spread  in  the 
i epidemic  dysentery  of  temperate  climates,  especially  in  the  homes  of  the 
I poor.  A large  family  is  frequently  crowded  into  one  or  two  apartments, 
( where  the  arrangements  for  the  safe  dispo.sal  of  the  stools  and  for  securing 
the  protection  of  food  from  pollution  are  necessarily  defective.  In  these 
circumstances  it  is  the  nile  for  several  members  of  a household  to  be 
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seized  in  succession.  Blanche  records  an  instance  in  Avhich  dysenteric 
stools  were  thrown  upon  the  street,  with  the  result  that  a number  of  the 
inhabitants  were  simultaneously  seized  with  the  disease — multiple  cases 
occurring  in  most  families.  Here  we  have  still  to  do  with  indirect  con- 
tagion,  the  immediate  source  of  the  virus  being  the  dysenteric  stools. 
Indirect  contagion  is  also  the  common  mode  of  spread  in  institutional 
dysentery.  The  disease  was  introduced  into  Cornwall  in  1899,  and  gave 
rise  to  a house  epidemic.  Ogata  has  published  the  particulars  of  numerous 
cases  in  which  he  clearly  traced  the  spread  of  the  disease  in  Japan  to  inter- 
course with  the  sick,  especially  by  visiting  them  in  their  homes.  The 
introduction  of  epidemic  dysentery  into  a town  or  country  has  in  not  a 
few  instances  been  traced  to  the  arrival  of  a dysenteric  patient.  A 
labour  vessel  from  Queensland  landed  a native  woman  with  her  half- 
caste  child,  suffering  from  dysentery,  at  Futuna,  one  of  the  New 
Hebrides.  The  disease  soon  spread  all  over  the  island,  and  cut  off 
one-fourth  of  the  population  (22).  An  epidemic  in  Norway  in  1859  was 
definitely  traced  to  the  return  of  a sailor  who  had  been  treated  for 
dysentery  in  Liverpool.  The  disease  spread  from  the  home  of  the  sailor 
and  attacked  in  all  3992  persons,  of  whom  621  died.  Ship-dysenteiy, 
of  which  there  are  numerous  instances,  is  probably  spread  in  this 
way. 

The  case  is  different  when  an  independent  focus  of  infection  is  set 
up  in  house,  cesspool,  or  soil,  capable  of  propagating  the  disease  for  an 
indefinite  time.  Tlie  origin  of  the  virus  has  probably  been  the  dejections 
of  dysenteric  patients,  but  the  pathogenetic  agent,  in  becoming  adapted 
to  saproplyffic  conditions,  gives  rise  to  an  autonomous  source  of  infection. 
To  the  account  of  infection  may  be  placed  those  outbreaks  in  which  a 
fjBcally  polluted  soil  has  retained  for  months  or  j'ears  the  power  of 
generating  the  disease ; those  in  which  mud  from  fiscally  polluted  ponds, 
canals,  or  the  desiccating  margins  of  lakes  has  been  the  starting-point 
of  an  epidemic.  To  infection,  also,  we  refer  the  instances  in  which  a 
ftecally  contaminated  well  has  retained  its  infective  properties  long  after 
the  disease  has  been  absent  from  the  locality.  The  instance  of  Metz, 
already  noticed,  is  an  example  of  this  kind. 

These  two  modes  of  spread — contagion  and  infection  — are  simul- 
taneously in  operation  in  man}^  outbreaks,  but  in  ej)idemic  dysentery  the 
preponderating  factor  appears  to  be  contagion.  In  the  endemic  dysentery 
of  tropical  countries,  on  the  other  hand,  contagion  is  so  little  in  evidence 
that  many  of  the  most  experienced  physiciatis  have  doubted  its  existence. 
One  can  hardly  suppose  this  property  to  be  altogether  alisent  from  the 
endemic  disease,  but  I do  not  remember  any  instance  in  which  dysentery 
was  clearly  communicated  by  contagion  in  hospital. 

Pfuhl  found  the  bacillus  in  the  dysenteric  stools  of  soldiers  from 
China  a year  after  their  return  to  Gennany.  The  risk,  therefore,  of 
patients  suffering  from  chronic  dysentery  spreading  the  infection  should 
not  be  overlooked.  The  sources  of  the  virus  are  thus  piactically  the 
dysenteric  stools  and  the  infectious  foci  set  up  by  them.  We  do  not 
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know  whether  any  of  tlie  lower  animals  harbour  Shiga’s  bacillus,  but 
dysentery  has  often  been  epizootic  and  epidemic  at  the  same  time,  'i  he 
vehicles  and  agents  for  its  diffusion  are  the  dysenteric  patient  himself, 
water,  food,  air,  and  insects.  The  ])orts  of  entrance  are  the  mouth  and 
nose,  and,  perhaps,  the  anus  ; iu  one  instance  a culture  of  Shiga’s  bacillus 
came  in  contact  with  the  conjunctivii,  and  was  followed  in  twenty-four 
hours  by  dysentery  (Dodge). 

Personal  Factors — — All  ages,  from  the  nursling  to  extreme 
old  age,  pay  their  tribute  to  dysentery.  In  some  of  the  European 
epidemics  neai’ly  half  the  attacks  and  rather  more  than  half  the 
deaths  have  been  among  children.  The  dysentery  death  - rate  of 
European  children  in  India,  for  1901,  was  2‘r)6,  while  that  of  the  soldiers 
was  only  0'97.  The  Bombay  statistics  shew  that  native  children  under 
5 years  of  age  furnish  a high  ratio  of  deaths;  from  5 to  15  years  the 
mortality  decreases,  to  rise  again  in  adult  life.  Strack  and  Zimmermann 
relate  that  they  had  seen  children,  born  of  mothers  suffering  from 
dysentery,  come  into  the  world  with  the  disease.  Markwald  states  that 
the  bacillus  was  found  in  the  heart’s  blood  of  a foetus  of  seven  months, 
whose  mother  was  suffering  from  dysentery,  and  that  the  early  lesions  of 
dysentery  were  found  in  its  intestine. 

6V.r. — In  Europe  both  sexes  appear  equally  liable  to  the  disease, 
although  in  some  epidemics  women  have  suffered  most.  The  ratio  of 
admissions  among  the  European  women  belonging  to  the  army  iu  India 
is  little  more  than  half  that  of  the  men.  This  disparity  is  not  dependent 
on  sex,  but  on  habits  of  life  and  exposure  to  the  predisposing  causes. 
The  native  women  of  the  large  Indian  towns,  for  the  same  reasons,  shew 
a somewhat  lower  d}’sentery  mortality  than  the  men.  How  it  stands  in 
agricultural  districts,  where  women  take  their  share  in  outdoor  labour, 
is  uncertain. 

Ituce. — All  races  are  equally  liable  to  dysentery.  The  differences 
observed  in  the  death-rates  of  various  nationalities  living  in  the  same 
country  depend,  not  on  race,  but  on  habits  and  social  conditions.  Among 
barbarous  races  the  disease  is  often  highly  destructive.  Dr.  Seligmann 
reports  epidemic  dysentery  to  be  exceedingly  common  and  very  fatal 
among  the  native  tribes  in  British  New  Guinea.  In  some  villages  it  had 
cai-ried  off  15  per  cent  of  the  iidiabitants,  and  he  came  upon  a grouj)  of 
villages  deserted  on  account  of  dysentery  AAitness,  too,  the  extermina- 
tion of  some  of  the  Indian  tribes  in  British  New  Guinea  by  the  allied 
disease  known  as  epidemic  gangrenous  proctitis. 

Occupafion.  — Dysentery  is  more  a disease  of  country  hamlets  and 
villages  than  of  cities.  Agricultural  labourers  are  more  lialdc  than  those 
following  indoor  occupations.  Of  town  populations,  according  to  Zancarol, 
firemen,  cooks,  and  mechanics  exposed  to  great  heat  are  specially  pre- 
<lisposed.  Soldiers,  sailors,  and  explorers  in  tropical  countries  pay  a 
heavy  tribute  to  dysentery. 

Social  Condition. — Dysentery  is  notably  a poor  man’s  disease.  The 
well-to-do  suffer  less  than  the  poor,  the  officer  than  the  private  soldier. 
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The  scantily  clad,  the  poorly  fed,  the  badly  housed,  the  overworked, 
always  furnish  the  largest  quota  of  victims  to  the  disease. 

Effect  of  Length  of  Residence  in  the  Tropics. — European  soldiers  recently 
arrived  in  India  shew  a somewhat  greater  liability  to  dysentery  than 
those  whose  residence  has  been  longer,  but  after  the  seventh  year  the 
deaths  from  dysentery  increase  according  to  length  of  service,  in  pro- 
portion to  the  total  deaths  from  all  causes,  as  will  be  seen  from  the 
following  table  by  Bryden,  shewing  the  I’atio  of  deaths  from  dysentery  to  | 
100  deaths  from  all  causes  according  to  length  of  service  : — I 


First 

Second 

First 

Fiitii  to 

Aliove 

Above 

year. 

year. 

5 years. 

•seventli  year. 

7 years. 

10  j^ears, 

9-6 

10-4 

9-0 

10-1 

13-3 

13-7 

It  is  evident  that  there  is  no  acclimatisation  for  dj'^sentery. 

Mortality. — The  case-mortality  among  the  British  troops  in  India  for 
the  ten  years  1891-1900  was  a little  under  3 per  cent,  and  that  of  the 
native  army  for  the  same  j^eriod  somewhat  lower.  In  the  jail  hospitals 
of  Bengal,  according  to  Major  Buchanan,  it  was  3'8  per  cent  for  the 
years  1896-97.  These  figures  do  not  convey  the  impression  that  the 
dysentery  of  the  baiTacks  and  jails  of  India  is  a disease  of  an}’  great 
gravity,  and  they  contrast  in  a very  striking  way  with  the  high  case- 
mortality  of  epidemic  dysentery  in  Eiirope  and  Japan,  and  Avith  that  of 
the  endemic  disease  of  tropical  countries  generally,  as  deidved  from  the 
returns  of  civil  hospitals.  Strong  and  MusgraA'^e,  in  the  Philippines, 
distinguish  from  specific  bacterial  and  ammbic  dysentery  a mild  catarrhal 
form  Avhich  is  rarely  fatal.  This,  I take  it,  is  pseudo -dysentery.  It 
seems  probable  that  many  cases  of  this  kind  are  inch;ded  in  the  returns 
of  military  and  jail  hospitals.  The  case-mortality  in  six  epidemics  of 
dysentery  in  France  and  Germany  of  which  I have  the  particulars  ranged 
from  9'0  to  1 -t'9  per  cent.  An  instance  is  recorded  by  Maggiora  of  an 
epidemic  at  Grazzano  in  Italy,  in  1888,  in  which  out  of  2001  patients  ! 
only  three  deaths  occurred,  but  this  is  altogether  exceptional.  The  : 
case-mortality  in  Japan,  according  to  Shiga,  varies  from  16 '5  to  30'2 
per  cent.  In  the  Ceylon  hospitals,  for  1903,  it  stood  at  28‘7  ; in  British 
Guiana,  in  1902  and  1903,  at  22'8  and  26‘6  per  cent  respectively.  In 
Singapore,  where  we  have  been  taught  to  believe  that  dysentery  is  of  a 
mild  type,  the  hospital  mortality  in  1902  was  no  less  than  25'4,  and  in 
the  neighbouring  State  of  Selangor  it  reached  34‘0  per  cent.  In  Trinidad 
it  stood  at  30'7,  in  German  New  Guinea  at  33‘0,  and  at  Hong-Kong,  in 
1902,  it  reached  37'3  per  cent  (17).  No  doubt  the  fact  that  in  military 
and  jail  hospitals  the  patient  comes  under  treatment  at  once,  Avhereas  the 
civilian  is  seriously  ill  before  he  seeks  admission  into  hospital,  goes  a 
very  considerable  way  in  explaining  the  lower  death-rates  in  military  and 
jail  hospitals.  But  the  discrepancy  is  too  great  to  be  accounted  for  in 
this  Avay,  Are  we  not  justified  in  suspecting  that  a considerable  pro- 
portion of  the  cases  returned  as  dysentery  in  the  military  and  jail 
hospitals  are  nothing  more  than  a simple  catarrh  of  the  lai’ge  intestine, 
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such  as  those  referred  to  by  Strong  and  jMusgrave,  Avhich  Avould  have 
recovered  by  rest  and  dieting  without  medicine  ? If  this  view  be  correct, 
and  ditVerent  diseases  are  included  under  the  term  dysentery,  it  is  ob\  ious 
that  caution  must  be  exercised  in  judging  of  the  value  of  difl'crent 
methods  of  treatment  from  such  statistics.  A.  1). 

Bacteriology — llisfarical. — The  occurrence  of  bacteria  in  the  stools 
and  tissues  in  dysentery  was  demonstrated  by  Klebs,  Prior,  and  Ziegler, 
who  worked,  however,  either  with  faulty  bacteriological  methods  or 
merely  with  sections  of  tissues.  Ziegler,  from  examination  of  the  micro- 
scopic tissue-changes,  came  to  the  conclusion  that  the  relationship  of  the 
bacteria  to  the  lesions  shewed  that  the  bacteria  present  had  had  a 
pathogenetic  action.  Hlava  isolated  nineteen  kinds  of  bacilli  from  the  dis- 
charges of  cases  of  epidemic  dysentery,  but  none  of  these  reproduced  the 
lesions  of  dj’seutery  in  animals.  The  later  investigations  were  more 
successful,  since  they  dealt  with  pure  cultures  of  particular  forms  or 
species  of  micro-organisms.  The  most  important  are  those  of  Chantemesse 
and  AVidal,  Maggiori,  Laveran,  Arnaud,  Celli  and  Fiocca,  Galli-Yalerio, 
Valagussa,  Grigoriew,  Escherich,  and  Deycke,  all  of  whom  obtained  from 
the  stools  of  patients  or  intestinal  contents  at  post-mortems  certain  colon 
bacilli  which  were  especially  distinguished  by  enhanced  vinilence.  At 
the  present  time  the  colon  bacillus  is  not  believed  to  be  one  of  the  direct 
causes  of  dysentery,  and  the  property  of  increased  pathogenetic  action 
for  lower  animals  is  now  known  to  be  acquired  by  this  bacillus  in 
many  ])athological  states  existing  in  the  intestine  in  man.  The  bacillus 
isolated  l)y  Ogata  in  Japan  could  not  be  obtained  by  other  bacteriologists, 
and  the  notion  that  pathogenetic  cocci  cause  dysentery,  as  brought 
forward  in  the  work  of  De  Silvestri,  Bertrand  and  Baucher,  and  Ascher, 
has  now  been  discarded.  That  the  Bacilhis  2^yocyaneus  can,  undei’ 
certain  conditions  at  least,  cause  dysentery  would  seem  to  be  proved  by 
the  results  of  Calmette’s  work  on  the  endemic  entero-colitis  of  Cochin 
China,  and  of  Lartigau  and  Adami’s  on  small  localised  epidemics  of 
dysentery  in  the  northern  United  States  and  Canada.  Of  these  investi- 
gations the  most  imjjortant  are  those  of  Celli  and  Fiocca,  and  Del  Pino 
and  Alessandri,  all  of  whom  studied  varieties  of  Bar.illm  coli,  which  were 
not  only  pathogenetic  for  certain  small  animals,  but  produced  dysentery 
in  cats,  and  yielded  active  toxins  also  capable  of  sotting  up  these  lesions ; 
and  those  of  Escherich  upon  contagious  colitis  in  children,  Avhich  he 
regarded  as  caused  by  a variety  of  the  colon  bacillus. 

These  bacteria,  Avith  the  possible  exception  of  the  bacilli  of  Chante- 
messe and  Widal  and  of  Ogata,  so  far  as  they  could  be  studied  in  cultures, 
shcAved  no  specific  properties.  They  all  represent  Avell-knoAvn  bacterial 
species,  constantly  present  normally  in  the  situation  from  Avhich  they 
Avere  obtained  in  disease,  their  only  unusual  properties  being  increased 
virulence  Avhen  tested  upon  animals,  and  a capacity  to  set  up  enteritis 
when  injected  into  the  intestine  in  dogs  and  cats. 

An  inA'estigation  of  Japanese  epidemic  <lysentery  in  1898  by  Shiga 
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yielded  different  and  more  convincing  results.  He  recognised  at  the 
outset  that  the  Bacillus  dysenterice  must  fulfil  four  essential  etiological 
conditions:  (1)  it  must  occur  constantly;  (2)  it  must  be  a species  not 
normally  present  in  tlie  diseased  organ  ; (3)  it  must  be  pathogenetic  and 
[u’oduce  in  experimental  animals  lesions  similar  to  those  from  which  it 
was  obtained  ; (4)  it  should,  by  reason  of  its  pathogenetic  action  in  man,  | 

shew  the  agglutination  reaction  with  the  blood  of  patients  suffering  from  i 

dysentery.  From  the  series  of  cases  studied  by  Shiga  a bacillus  fulfilling  | 
these  requirements  was  isolated.  ! 

Bacillus  dysenterise  (Shiga). — The  dysenteiy  Ijacillus,  so-called,  does 
not  represent  a single  hard  and  fast  species,  but  a group  of  closely  related 
bacilli.  At  present  two  distinct  and  several  subsidiary  types  are  recog- 
nised. The  two  main  types  are  the  Shiga  and  the  Flexner  or  Manila. 
They  came  respectively  from  the  dysentei’ic  diseases  prevailing  in  Japan 
and  the  Philippine  Islands.  It  is  highty  probable  that  both  these  types 
appear  in  each  of  these  countries,  as  was  proved  to  be  the  case  in  Germany 
by  Kruse,  and  in  the  United  States  by  myself  and  my  pupils,  Vedder 
and  Duval.  That,  moreover,  the  two  types  may  be  associated  in  the 
same  individual  has  lieen  shewn  by  Gay  and  Duval  working  in  my 
laboratory  in  Philadelphia.  The  criterion  of  the  Bacillus  dysenterice  is 
its  pathogenetic  action  in  man  under  the  conditions  foianulated  by  Shiga. 

On  the  basis  of  this  test  no  etiological  distinction  can  be  drawn  between  ' 
the  main  Dqies  and  certain,  at  least,  of  the  subsidiary  types  of  the  | 
bacillus. 

The  morphological  characters  are  similar  in  all  the  types.  The 
bacillus  is  a short  rod  about  the  length  of,  but  somewhat  plumper  than, 
the  typhoid  bacillus,  with  rounded  ends.  From  this  prevailing  form 
there  are  variations.  Sometimes,  especially  in  very  young  cultures,  the 
bacilli  are  very  short ; again  they  shew  irregularities  of  staining,  and  not 
infrequently  they  are  united  in  pairs  or  .shoi’t  chains,  or  lie  in  irregular 
clumps.  The  l^acillus  stains  readilj^  with  the  usual  dyes,  and  is  decolorised 
by  Gram’s  method.  It  is  asporogenous.  Considerable  difference  of 
opinion  has  prevailed  as  regards  its  motility.  Shiga  and  Flexner 
described  .slight  locomotion  in  young  cultures,  but  the  general  opinion 
of  later  bacteriologists  is  opposed  to  this  view.  Duval  and  Tedder 
describe  peritrichal  flagella,  and  invented  a method  for  demonstrating 
motility  in  the  bacillus  recently  isolated  from  ai'tificially  infected  guinea- 
pigs.  Cultures  obtained  from  cases  of  human  dysenteiy  are  usually 
non-motile,  unless  the  examination  be  made  of  young  growths  (16  to  18 
hours  old)  in  the  first  generations.  Saprophytic  cultivation  seems  quickly 
to  deprive  the  bacilli  of  motility,  although  the  flagella  persist. 

The  cultural  characters  of  all  the  types  are  essentially  the  same,  but 
there  are  certain  distinctive  differences  which  are  of  use  in  separating 
them.  The  dysenteiy  bacillus  grorvs  readily  upon  the  usual  cultural 
media,  and  most  actively  at  the  temperature  of  37°  C.  ; at  room- 
temperature  its  growth  is  slower,  and  it  ceases  entirely  to  multiply  at 
6°  C.  The  usual  media  employed  in  its  cultivation  are  agar-agar. 
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gelatin,  bouillon,  and  milk.  The  growth  on  potato  and  on  sugar-agar 
and  broth  is,  however,  useful  for  purposes  of  identification  and  diller- 
entiation.  Upon  agai’-agar  the  oiganisin  grows  as  an  opaque  white  line 
along  the  stab,  and  spreads  slightl}-  at  the  surface ; after  several  days 
the  growth  may  extend  over  the  entire  exposed  surface  of  the  agar-agar. 
A single  line  of  growth  on  the  agar-agar  slant  tends  to  remain  restricted 
to  a narrow  middle  zone  of  the  medium,  where  it  forms  a slightly  elevated, 
whitish,  opaque  layer  of  3 or  4 millimetres  in  Avidth.  The  growth 
l)ecomes  thinner  tOAA'ards  the  peripheries,  and  the  edges  are  scolloped. 
VieAved  with  transmitted  light  an  appearance  suggesting  the  branches  of 
a fir  tree  is  to  be  made  out.  The  growth  upon  agar-agar,  excepting  for 
a slightly'  greater  abundance,  closely'  resembles  that  of  the  ty])lioid  bacillus, 
and  as  compareil  Avith  that  of  the  colon  bacillus  it  is  less  in  amount  and 
of  more  delicate  appearance.  The  colonies  on  agar-agar  begin  as  round 
or  elliptical  points,  Avhich  may'  attain  the  size  of  1 to  H-  millimetres  in 
tAventy'-four  hours.  Those  Avhich  reach  the  surface  tend  to  spread  until, 
after  several  days’  gioAvth,  they  may  reach  a centimetre  or  more  in  size. 
They'  are  translucent,  and  in  consistence  and  opacity  intermediate  betAveen 
typhoid  and  colon  bacilli  colonies.  Gelatin  is  not  liquefied.  The  colonies 
on  gelatin  of  10  per  cent,  or  even  greater  concentration,  begin  as  small 
round  or  OA'al,  faintly  yelloAvish-broAvn  points,  and  sloAvly  increase  in  size. 
Those  on  the  surface  spread,  become  transparent,  and  assume  the  grape- 
leaf  appearance  of  typhoid  bacillus  colonies.  The  larger  agar-agar  and 
gelatin  colonies  sheAv  an  eccentrically  placed  nucleus.  Stab -cultures 
groAv  along  the  line  and  spread  on  the  surface.  Bouillon  is  rendered 
turbid,  and  sedimentation  occurs.  A membrane  is  not,  as  a rule,  formed. 
Indol-production  is  absent  in  the  original  Shiga  cultures,  but  it  is  pro- 
duced by  other  A'arieties  of  the  bacillus.  Milk  is  slightly  acidified,  and 
later  remlered  amphoteric  or  faintly'  alkaline.  These  changes  can  best  be 
folloAved  in  litmus  milk.  No  coagulation  takes  place.  On  potato  the 
groAvth  is  slight  and  membranous,  and  is  either  visible  or  invisible  accord- 
ing to  the  reaction  of  the  potatoes  employed.  Should  the  potatoes  be 
acid  no  groAvth  can  be  seen ; but  if  alkaline  an  elevated  broAvnish  layer 
is  formed. 

Fermentafion. — No  gas  is  formed  in  any  of  the  sugars.  The  original 
Shiga  bacillus  ferments,  of  the  many  sugars  tested,  dexti’ose  and  other 
mono-saccharides,  producing  acids  and  causing  distinct  reddening  of  a 
glucose -litmus  culture  medium.  If  instead  of  litmus-glucose-agar  or 
bouillon  the  serum-AV'ater  medium  of  Hiss,  containing  glucose,  be  cm- 
ploy'ed,  the  Shiga  bacillus  Avill  produce  reddening  and  coagulation  of 
the  fluid. 

All  other  ty'pes  of  the  dysentery'  bacillus  haA'e  Avide  fermentative 
propertie.s.  The  Flexner  or  Manila  type,  Avhich  seems  to  possess  the 
Avidest  capacity^  ferments  dextrose,  mannite,  saccharose,  maltose,  and 
dextrin,  but  not  lactose.  The  subsidiary'  bacillus  of  Hiss  and  Uussell, 
Avhich  belongs  to  this  group,  fails  to  ferment  dextrin.  The  number  of 
A'ariants  among  this  group  of  bacilli  is  considerable,  and  it  is  probably' 


492 


SVSTEA/  OF  MEDICINE 


incorrect  to  continue  the  sulxlivision  into  t}'pes  indefinitel3^  The  manner 
in  which  this  whole  class  of  organisms  agrees  and  diffei's  is  of  interest, 
and  cannot  fail  to  arouse  the  suspicion  that  our  knoAvledge  of  its  physio- 
logical properties  is  at  present  in  a veiy  imstable  condition. 

Aijglutinaiion.- — Agglutination  reactioii  has  been  of  great  importance  l 
in  the  original  separation  of  the  bacillus  of  dysentery  from  admixture  | 
Avith  the  other  intestinal  bactei'ia,  and  it  has  been  employed  in  the  | 
subsequent  study  of  the  types  of  the  bacilli.  Kruse  AA"^as  the  first  to 
point  out  a marked  variation  in  the  degree  of  agglutination  betAA^een 
different  strains  of  dysentery  bacilli.  The  tAvo  strains  Avhich  he  studied 
came  respectively  from  an  epidemic  of  dysentery  and  several  cases  of 
the  disease  Avhich  arose  in  an  institution  for  the  insane.  The  blood  of 
patients  suffering  from  epidemic  dj^sentery  agglutinated  the  first  strain  in 
higher  dilutions  than  the  second,  and  the  blood  of  animals  immunised  to 
the  bacillus  isolated  from  the  epidemic  cases  behaved  in  a similar  manner. 

On  the  basis  of  the  observed  difference  Kruse  designated  the  former  as 
“ true  ” and  the  latter  as  the  “ pseudo  ” - dysentery  bacillus.  These 
appellations  are  unfortunately  chosen,  and  more  searching  study  has 
already  dissipated  the  notion  of  a distinct  etiology  for  eihdemic  and  institu- 
tional dysentery.  The  anatomical  lesions  and  clinical  syrajAtoms  are  the 
essential  facts  upon  A\diich  the  diagnosis  of  dA^sentery  is  based,  and  these 
are  in  entire  agreement  in  the  tAvo  classes  of  cases.  There  are  no  “ true  ” 
and  no  “ false  ” dysenteiy  bacilli,  and  the  term  “ dysentery  bacillus,”  like 
the  term  “ cholera  bacillus,”  must  uoav  be  taken-  to  include  several  types 
Avhich  are  closely  related  in  morphological  and  cultural  jAi-operties,  but 
which  shcAv  A^ariation  in  fermentatiA^e  and  agglutinative  qualities.  They 
possess,  hoAvever,  the  most  essential  featui’e  in  common  of  being  able  ^ 
to  set  up  in  man  the  lesions  of  pseudo  - membranous  and  ulcerative 
dysentery. 

The  absorption  of  agglutinins  from  an  active  dysenteric  serum  by 
any  of  the  bacillary  tyj)es  Avill  remoA^e  the  major  or  minor  part  of  the 
agglutinins  present,  depending  upon  the  type  of  bacillus  used  in  immunisa- 
tion. The  major  agglutinins  are  the  more  specific  ones ; the  minor  are 
produced  indifferently  by  any  of  the  types,  and  similar  ones— the  so-called 
“common”  agglutinins — may  even  exist  normally  in  the  blood  of  certain 
animals,  e.g.  the  horse.  Hence  the  absorption  method  of  Castellani  has 
been  employed  to  assist  in  the  establishment  of  “types”  of  dysentery 
bacilli. 

Shiga  first  applied  the  Neisser-Weehsberg  method  of  bacteriolysis  to 
the  study  of  dysentery  bacilli,  but  his  obsei’A’ations  had  no  reference  to  the 
differentiation  of  the  types.  Ga\’,  latei’,  found  that  perfect  bacteriolysis 
depended  upon  the  employment  of  bacilli  and  immune  serum  of  corre- 
sponding types.  Neither  immune  serums  nor  types  of  bacilli  AAmre  inter- 
chajigeable  in  producing  bacteriolysis,  from  Avhich  the  conclusion  that 
bacteriolytic  A^ariations  serve  to  distinguish  the  tyjAes  of  bacilli  could  be 
draAvn.  Dopter  has  employed  the  method  of  Bordet  and  Gengou  of  absorb- 
ing the  haemolytic  alexin  in  immune  dysenteric  serum  for  determining  this 
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relationship,  ami  has  reached  the  conclusion  that  all  bacilli  of  dysenter}- 
are  members  ’of  one  large  group,  in  which  they  behave  as  more  or  less 
distinct  races. 

It  has  been  observed  that  cidtnres  of  typhoid  bacilli  and  other 
organisms  isolated  from  the  blood  and  internal  organs  shew  a condition 
of  inagglntinability.  After  successive  cultivations  on  artificial  media 
capacity  for  agglutination  may  appear.  Marshall  and  Knox  found  by 
cultivating  the  dysentery  bacillus  in  bouillon  containing  antidysenteric 
serum  that  it  became,  for  the  time,  inagglutinable.  Subsefiuent  growth 
on  agar-agar  restored  the  agglutinability. 

Immiiiiisatioit. — Small  and  large  animals  may  be  immunised  actively 
or  passively  to  the  dysentery  bacillus.  For  active  immunisation  guinea- 
pigs  are  well  adapted ; and  for  passive  immunisation  goats  and  horses 
can  be  employed  with  advantage.  From  the  latter  animals  large  (juantities 
of  serum  i'or  therapeutic  uses  have  been  obtained.  As  the  finer  difl'erential 
methods  are  separating  the  different  types  of  bacilli  from  each  other,  the 
(piestion  has  arisen  whether  the  behaviour  of  the  types  is  equally  distinct 
in  respect  to  the  protective  effects  produced  in  the  atiimal  body  by 
immune  serums.  Upon  the  answer  given  to  this  question  may  depend 
the  practicability  of  using  antidysenteric  serum  therapeutically  in  man. 
Gaj’  made  an  exact  study  in  guinea-pigs  of  cross -immunisation  by 
horse  serum  yielded  by  the  Shiga  and  Flexner  strains  of  dysenteric 
bacilli,  and  found  that  the  protective  power  of  the  serum  is  a factor  which 
does  not  proceed  hand  in  hand  with  bacteriolysis  and  agglutination,  and 
hence  that  the  latter  phenomena  are  not  measures  of  the  possible  thera- 
l)cutic  usefulness  of  the  serum.  But  since  each  immune  serum  is  most 
active  against  its  own  t3’pe  of  bacillus,  a polyvalent  serum  is  more  likely 
than  a monovalent  one  to  be  useful  in  therapeutics. 

llesistance  of  Diisentery  Bacilli. — Dysentery  bacilli  can  be  cultivated 
readily,  but  they  do  not  survive  indefinitely  upon  old  cultures.  The 
peiiod  of  survival  is  not  a fixed  one,  but  depends,  in  part,  on  the  strain 
of  bacillus,  the  composition  of  the  medium,  and  the  mode  of  preservation. 
Under  similar  conditions  certain  strains  will  survive  many  weeks,  while 
others  will  l)e  found  to  have  ceased  to  grow  on  transi)lantation  after 
three  or  four  Avecks.  On  media  free  from  fermentable  sugars,  or  con- 
taining small  percentages  of  sugar,  especially  if  drying  be  prevented,  all 
strains  will  survive  four  Aveeks  or  longer  ; but  in  the  presence  of  the  acids 
formed  from  sugars  the  period  of  viabilit}^  is  greatly  reduced,  and  some 
i strains  Avill  succumb  after  one  or  tAvo  Aveeks. 

In  cojupetition  Avith  many  sa])rophytic  organisms  the  dj^sentery  bacilli 
1'  quickly  disappear,  as,  for  example,  the  saprophytes  of  the  freces  and  the 
< common  acid-producing  bacteria  of  milk.  They  cannot  be  cultivated,  as  a 
I rule,  after  tAvo  days’  sojourn  in  faeces  or  eight  days  in  milk  (Knise), 
Li  unless  the  mixtures  have  been  kept  on  ice.  Schmidt  failed  to  isolate 
f after  ten  days  the  dysentery  bacillus  from  mixtures  of  earth,  Avater,  or 
i milk  exposed  to  Avinter  cold,  Avhile  Pfuhl,  Avho  mixed  faeces  containing 
I d3'sentery  bacilli  Avith  earth  and  kept  them  at  a temperature  of  Uf)°  C. 
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to  15°  C.,  was  still  able  to  cultivate  the  dysentery  bacillus  after  101 
days.  When  cultures  are  mixed  with  faeces  in  the  air-dry  condition  they 
survive  twelve  days,  and  in  linen  soiled  with  faeces  seventeen  days.  In 
water  the  period  of  survival  varied  from  five  to  nine  days,  and  in  butter 
and  cheese  it  was  about  nine  days.  The  bacilli  are  killed  in  half  an  hour 
by  1 per  cent,  and  immediately  by  5 per  cent  carbolic  acid  and  o^Vir 
solution  of  corrosive  sublimate. 

Fariafion  in  Virulence. — In  artificial  cultures  the  dysentery  bacillus  is 
apt  to  diminish  in  virulence  for  laboratory  animals.  This  is  true, 
apparently,  for  all  types  of  the  bacillus.  The  minimal  fatal  dose  of 
freshly  isolated  cultures  of  the  Shiga  strain  is  often  as  low  as  loops, 
and  of  the  Flexner  strain  of  loops,  as  measured  by  guinea-pigs  of  250 
grammes  in  weight.  After  some  weeks  of  saprophytic  cultivation  the 
fatal  dose  may  have  increased  to  one  or  two  loops,  and  after  many  months 
to  one  or  more  slant  agar-agar  cultures.  The  virulence  for  guinea-pigs 
can  frequently  be  restored  more  or  less  completely  by  passage  from 
guinea-])ig  to  guinea-pig  in  rapid  succession.  The  transfer  should  not 
be  made  directly  from  animal  to  animal,  but  intermediate  cultivation  is 
always  necessary.  The  readiness  with  which  the  dysentery  bacillus  loses 
and  reacquires  virulence  is  not  without  importance  in  connexion  Avith  a 
grasp  of  the  problems  of  the  epidemiology  of  bacillary  dysentery. 

Method  of  Isolation  of  Bacillus  di/senterice. — The  dysentery  bacillus  is 
isolated  with  greater  or  less  difficulty  from  dejecta,  and  directly  from  the 
mucous  membrane ; the  determining  factors  being  the  relative  number 
of  the  bacilli  oi'iginally  present,  and  also  the  freshness  of  the  prei)ara- 
tion  and  the  method  employed.  If  stools  are  employed  they  should  be 
examined  immediately  after  they  have  been  passed  ; scrapings  of  the 
mucosa  of  the  intestine  Avill  yield  the  bacillus  twenty -four  hours  or  longer 
after  death.  But  the  rule  in  all  cases  is  to  make  the  bacteriological 
examination  at  the  earliest  practicable  moment. 

Mucus  or  mucus  tinged  Avith  blood  is  to  be  selected  for  plating  in 
agar-agar.  The  material  is  suspended  in  sterile  saline  solution  or  bouillon, 
Avell  shaken,  and  set  aside  for  a feAv  minutes  to  permit  the  larger  ilocculi 
to  subside.  From  the  cloudy  suspension  10  to  12  agar-agar  tubes  are 
inoculated  AAdth  different  quantities,  and  as  many  Petri  plates  made. 
The  seeding  of  the  plates  is  a matter  of  importance,  and  the  total  number 
of  colonies  developing  upon  a plate  should  be  preferably  betAveen  50  and 
100.  The  plates  are  incubated  for  fourteen  to  eighteen  hours  at  37°  C. 
At  the  end  of  this  ])eriod  every  small  pearl-grey  colony  is  transplanted 
to  a glucose-agar  stab  tube  or  to  a tube  of  Hiss’s  semi-solid  medium  (67). 
.\11  the  colonies  arc  noAv  marked  on  the  glass  Avith  a Avax  pencil,  and  the 
plates  kept  inverted  at  the  room-temperature  for  several  days.  As  neAV 
colonies  develop  they  are  transferred  in  this  planner.  The  inoculated 
tubes  are  ready  for  examination  after  six  hours  in  the  thermostat  (37°  C.) 
in  the  case  of  Hiss’s  medium,  and  tAvelve  hours  in  that  of  glucose-agar. 
In  the  case  of  the  latter  all  tubes  shewing  gas-formation,  and  in  the  case 
of  the  former  all  sheAving  diffuse  cloudiness,  caused  by  actively  motile 
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bacilli,  or  gas-bubbles,  are  discarded.  Sometimes  the  gas  is  not  liberated 
in  this  medium  until  it  is  gently  stirred  with  a {)latiniim  needle.  The 
selected  tubes  are  now  examined  microscopically.  All  those  shewing 
bacilli  are  tested,  if  possible,  with  antidysenteric  serum  or  the  patient’s 
blood,  for  agglutination.  All  bacilli  shewing  the  agglutination  reaction 
are  sub-cultiired  into  litmus-milk  and  the  different  sugar  culture-media. 
Since  certain  strains  of  dysentery  bacilli  agglutinate  poorly  or  not  at  all 
in  the  early  isolations  from  human  beings,  this  test  is  not  absolute. 
Cultivation  in  the  various  differential  media  may  l>e  re.sorted  to  without 
testing  for  agglutination,  or  when  it  fails  to  appear.  The  identification 
of  the  bacillus  depends  upon  morphological  and  cultural  properties,  upon 
the  fermentative  and  agglutinative  reactions,  and,  to  a less  extent,  U})on 
pathogenetic  action  in  animals. 

Bacillari/  Dysentery  in  ]\Ian. — The  Shiga  bacillus  has  been  obtained  in 
all  parts  of  the  world  in  which  epidemic  dysentery  has  been  studied 
bacteriologically.  It  may,  therefore,  be  accepted  as  the  etiological 
organism  of  this  disease  ; and  it  equally  is  the  cause  of  a part — the  non- 
amocbic  part — of  the  endemic  disease  of  the  tropics  and  sub-tropics,  and 
the  sporadic  disease  of  temperate  climates.  The  bacillus  occurs  through- 
out the  intestine,  although  it  is  present  more  fi’equently  or  in  larger 
numbers  in  the  lower  bowel  in  which  the  lesions  are  situated.  It  is 
usually  associated  with  B.  coli,  and  often  Avith  other  intestinal  bacteria,  so 
that  its  isolation  is  often  a matter  of  difficulty.  Cases  haA  e,  however, 
been  described  in  which  the  bacillus  has  appeared  in  pure  or  nearly 
pure  cultures  on  the  plates.  In  the  intestine  the  dysentery  bacillus 
occurs  on  the  surface  and  in  the  contents  of  the  gut,  but  in  the  deeper 
parts,  within  the  crypts  of  Ifieberkiihn  and  in  the  substance  of  the 
mucosa,  it  penetrates  further  than  the  saprophytes.  Hence  it  is 
frequently  more  certainly  and  readily  obtained  at  autopsy  from  scrapings 
of  the  intestinal  mucosa  freed  from  fecal  covering,  even  though  A’isible 
lesions  are  alisent  in  the  parts,  than  from  the  dejections  during  life. 
Duval  has  obtained  the  bacillus  from  an  excised  portion  of  the  intestine 
Avhich  had  been  on  ice  about  forty-eight  hours  after  death.  The 

dysentery  bacillus  survives  in  the  tissue  longer  than  in  dejecta,  since  in 
the  former  situation  it  is  less  exposed  to  the  competitive  action  of  the 
intestinal  saprophytes.  In  dysentery  tlie  Shiga  bacillus  can  frequently 
be  isolated  from  the  mesenteric  glands  and  more  rarely  from  the  liver. 
The  other  viscera  and  the  blood  would  seem  not  to  harbour  the  bacillus, 
which,  it  mu.st  be  assumed,  escapes  from  time  to  time  into  the  circulation. 
The  number  of  bacilli  in  the  lymph-glands  and  liver  is,  judging  by  the 
difficulties  of  cultivation,  not  large.  In  order  to  obtain  cultures  con- 
siderable portions  of  comminuted  tissue  should  be  transplanted  to  agar- 
agar  and  poured  into  plates.  The  dysentery  bacillus,  even  in  these 
situations,  is  accompanied  at  times  by  the  colon  bacillus,  Avhich  in  fluid 
cultures  is  likely  to  overgroAv  the  former.  These  secondary  loci 
of  settlement  of  the  dysentery  bacillus  do  not  appear  to  be  centres 
of  active  multiplication.  The  bacilli  are  difficult  to  demonstrate  in 
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sections  of  mesenteric  glands  and  liver,  but  this  may  be  ascribed  either 
to  small  numbers  or  to  failure  due  to  the  want  of  a selective  staining 
method.  Whether  these  localisations  play  an  important  part  in  the 
production  of  the  constitutional  symptoms  of  dysentery  is  not  known. 
The  dysentery  bacillus  produces  an  active  poison,  which  causes  not  onl}'^ 
the  constitutional  symptoms  but  also  the  local  intestinal  lesions  of  the 
disease.  Hence  every  focus  of  development  of  the  bacilli  within  the 
bod}'’  adds  materially  to  the  toxic  effect  produced  by  the  bacilli  developing 
in  the  intestinal  wall  and  contents. 

Tlie  (piestions  of  priority  of  discovery  and  confirmation  of  the  bacillus  of 
dysentery  have  aroused  much  discussion.  Those  who  have  participated  chiefly 
in  the  contention  are  Chautemesse  and  Widal,  Celli,  Shiga,  and  Kruse. 
According  to  our  present  knowledge  neither  Chautemesse  and  Widal  (1888) 
nor  Celli  (1896)  could  have  been  dealing  with  the  Shiga  dysentery  bacillus. 
The  former  authors  state  that  tlieir  bacillus,  when  administered  by  the  mouth 
or  injected  into  the  rectum  or  into  the  intestine  after  laimrotomy,  or  even 
introduced  by  direct  intraperitoneal  inoculation,  sets  up  in  guinea-pigs  intestinal 
lesions  resembling  the  dysenteric  lesions  in  man.  It  is  now  definitely  established 
that  none  of  the  types  of  the  dysentery  bacillus  is  capable  of  producing 
diphtheritic  or  ulcerative  intestinal  lesions  in  the  guinea-pig  by  any  of  tlie.se 
methods  of  administration.  Tliis  discrepancy  would  alone  suffice  to  shew  that 
the  bacillus  of  Chautemesse  and  Widal  was  not  identical  with  Shiga's  bacillus ; 
but  it  is  also  impossible  to  identify  them  by  means  of  tlie  cultural  properties 
described.  As  for  the  dysentery  organisms  originally  described  by  Celli  and 
later  by  him  and  Fiocca  and  Valenti,  it  is  clear  that  they  belong  to  the  colon 
bacillus  group,  since  they  not  only  ferment  sugars  with  the  formation  of  gas, 
Init  bring  about  coagulation  of  milk.  Later  Celli  isolated  the  true  dysentery 
bacillus  ; but  this  was  after  Shiga,  Fle.xner,  and  Kruse  had  descriljed  the 
organism.  The  contention  on  priority  between  Kruse  and  Shiga  is  absurd. 
Shiga’s  careful  studies  were  published  in  1898,  and  Kruse’s  first  communication 
appeared  in  1900  ; and  between  these  two  publications  Flexner  and  Barker’s 
report  (February  1900)  on  a medical  expedition  to  the  Philip23ine  Islands 
appeared.  In  this  report  the  isolation  of  the  Shiga  bacillus  from  cases  of  acute 
dysentery  occurring  in  Manila  was  announced.  The  jiresent  basis  of  di.sagree- 
ment  between  Kruse  and  Shiga  refers  chiefly  to  the  riuestion  of  motility  of  the 
bacillus,  regarding  which  no  definite  conclusion  has  been  reached  (see  i>.  490). 

In  1898  Shiga  published  the  results  of  his  study  of  epidemic  dysentery  of 
Japan.  In  1897  there  were  89,400  cases  with  22,300  deatlns.  In  36  ca.ses 
investigated  bacteriological! y the  dejecta  or  intestinal  mucosa  yielded  the  bacillus 
now  bearing  his  name.  It  differed  from  the  other  organisms  isolated  from 
the  intestine  in  agglutinating  with  the  jjatient’s  blood  in  moderate  dilutions — 
1 : 20-50  to  1 : 130.  In  the  more  severe  cases  the  agglutination  was  usually  in 
1 : 50  dilutions  or  over  ; in  the  mild  ones  it  was  weaker  or  absent.  Lethal 
cases  agglutinated  weakly.  It  was  difficult  to  obtain  the  bacilli  early  in  the 
disease,  but  at  a later  jieriod  the  mucous  and  bloody  stools  might  yield  alino.st 
pure  cultures.  They  were  plentiful  in  the  intestinal  mucosa  and  in  fresh  catarrlial 
or  pseudo-membranous  lesions,  and  the  deeper  layers  of  the  ulcers  gave  almost 
pure  cultures.  Shiga  found  the  bacilli  in  the  mesenteric  glands  but  not  in  the 
liver  or  spleen.  In  1901  he  stated  that  an  immune  serum  produced  by 
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inoculation  of  the  bacillus  into  horses  possessed  protective  and  therapeutic 
effects  in  human  , beings.  He  inoculated  himself  with  a culture  of  the  dead 
bacillus  which,  while  it  developed  agglutinins  in  his  blood,  set  up  a very  painful 
local  reaction. 

In  1900  Flexner’s  full  paper  appeared.  He  described  two  types  of  bacilli 
{IS  constantly  present  in  the  dejections  of  patients  suffering  from  acute  non- 
amcebic  dysentery.  The  first  was  identified  with  the  Shiga  bacillus,  the  second 
as  Bacillus  coli  communis.  Of  the  first  he  states  that  suitable  cultures,  when 
tested  for  the  agglutination  reaction  with  the  blood-serum  of  persons  sulfering 
from  dysentery — the  host  or  another  individual — give,  in  iminy  cases,  a po.sitive 
result.  The  bacillus  was  abundant  in  the  acute  cases  in  which  it  may  be  the 
predominating  organism  ; it  became  progressively  more  difficult  to  find  as  the 
cases  passed  into  recovery  or  chronicity.  It  was  cultivated  from  the  dejecta 
during  life  and  the  mucous  membrane  and  mesenteric  glands  in  fatal  cases. 
The  second  bacillus  varied  in  agglutination  reaction  as  the  blood  of  the  host  or 
another  individual  was  employed.  With  that  of  the  host  there  was  frequently 
a reaction  in  low  dilutions  ; with  that  of  another  person  it  was  rarely  obtained. 
Strong  and  IMusgrave  (1900)  continued  the  bacteriological  study  of  dysentery 
begun  by  Fle.xner  and  Barker  in  Manila,  and  secured  from  other  cases  a bacillus 
believed  by  them  to  be  B.  dysenterice  (Shiga).  They  propose  for  the  disease  of 
bacillary  origin,  in  order  to  distinguish  it  from  the  amcebic  disease,  the  name 
of  acute  specific  dysentery.  Strong  and  Musgrave  give  an  admirable  clinical 
iiiul  pathological  description  of  bacillary  dysentery,  but  their  bacteriological 
studies  were  merely  confirmatory.  They  studied  the  serum  reactions  of  246 
cases  of  diarrhoea  and  dysentery,  without  regard  to  type  of  disease,  against  the 
dysentery  bacilli  isolated  by  them.  Of  these  71  cases  gave  prompt  agglutina- 
tions in  I : 10  dilution  ; and  they  either  had  suffered  recently  or  were  suffering 
at  the  time  from  acute  dysentery.  The  stools  of  21  of  these  cases  yielded  upon 
examination  the  dysentery  bacillus.  In  three  of  the  cases  with  positive  serum 
reactions  amccbBe,  and  in  two  others  Trichomonas  intestinalis,  were  found  in  the 
stools.  The  first  are  regarded  as  examples  of  mixed  infection  of  B.  dysenteric 
and  Amoeba  coli  {dysenteric)  ; but  as  the  dysentery  bacillus  was  not  actually 
obtained  from  the  dejecta,  they  remain  doubtful. 

Fle.xner  (1901)  extended  his  investigations  of  dysentery  to  the  sporadic  and 
' institutional  disease  occurring  in  America.  The  studies  were  made  by  Vedder 
and  Duval,  who  obtained  the  dysenteric  bacillus  from  sporadic  cases  of  the 
disease  occurring  in  Philadelphia,  Pa.,  and  two  institutional  epidemics  at  New 
Haven,  Conn.,  and  Lancaster,  Pa.  They  identified  the  bacilli  obtained  by  them 
with  Shiga’s  Japanese  and  Flexner’s  Philippine  cultures. 

Kruse  (74)  (1900)  published  his  first  communication  on  the  etiologj"  of 
(dysentery,  based  on  the  study  of  an  epidemic  of  the  disease  and  several  sporadic 
i institutional  cases.  The  organism  obtained  fi'om  the  former  has  now  been 
i identified  with  the  Shiga  Japanese  bacillus ; and  from  the  latter  with  Flexner’s 
! Manila  bacillus.  Kruse  denied  all  motility  in  the  dysentery  bacillus  Isolated 
I by  him.  Serum  tests  were  made.  The  serum  of  patients  after  the  seventh  day 
I agglutinated  regularly  in  a dilution  of  1 : 50  ; and  many  reacted  as  high  as 
11:100-250.  One  serum  reacted  in  1:1000  dilution.  Twenfy-five  normal 
‘.serums  were  negative  or  positive  only  at  1 : 10-20  and  occasionally  at  1 : 50.  In 
lJune  1901  Kruse’s  second  paper  appeared.  He  discarded  his  re.sult  of  1 : 50 
uigglutination  in  normal  persons,  preferring  to  believe  them  the  subject  of  a 
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previous  infection.  He  pointed  out  tluit  Flexners  Manila  culture  reacted 
differently  to  lunnan  dysenteric  and  animal  immune  serum  from  liis  bacillus 
obtained  from  the  epidemic  cases,  while  it  agreed  with  the  bacillus  obtained 
from  institutional  cases.  These  latter  cases  he  called  “ pseudo-dysentery  of 
insane  asylums,”  and  proposed  for  the  bacillus  obtained  from  them  the  name  of 
“ ]iseudo-dy.sentery  ” bacillus.  He  studied  the  stools  of  twelve  and  the  intestine 
from  two  insane  patients.  In  these  fourteen  cases  he  failed  to  isolate  an 
organism  corresponding  in  all  characters  to  the  true  dysentery  bacillus  ; but 
from  three  cases  (one  patient  and  two  auto]>sies)  he  obtained  bacilli  culturally 
like  the  “ true  ” dysentery  bacillus,  but  differing  in  serum  reactions.  These 
bacilli  agglutinated  1 : 100  in  serum  from  the  imsane  patients,  and  often  1 : 50 
in  normal  serum.  To  the  former  serum  the  Shiga  or  true  bacilli  failed  to 
respond.  The  former  organisms  differed  in  certain  reactions  not  only  from  the 
bacillus  of  epidemic  dysentery,  but  even  among  themselves.  Kruse’s  .studies 
form  the  starting-point  for  the  differentiation  of  the  dysentery  bacillus  into 
types,  which  has  now  been  done  on  the  basis  of  agglutination  and  the  fermenta- 
tion of  sugars.  The  chief  researches,  next  to  those  of  Kru.se,  upon  which  the 
differentiation  has  been  based,  are  those  of  Marlini  and  I^entz,  who  .separatcl 
the  mannite-fermenting  pseudo -dysentery  bacilli  so-called  from  the  Shiga 
dysentery  bacillus.  Martini  and  Lentz  expressed  the  ojiinion,  ba.sed  upon  the 
purely  theoretical  grounds  of  difference  in  the  respects  mentioned,  that  the 
iManila  bacillus  and  other  similar  bacilli  which  ferment  mannite  are  not  of 
etiological  significance  in  dysentery.  This  o])inion  has  now  been  abundantly 
disproved  by  the  studies  of  Flexner  and  his  pujiils,  who  obtained  the  two  types 
of  bacilli  from  one  institutional  epidemic  of  dysentery,  and  even  from  the  same 
cases  of  the  disease,  and  by  the  investigation  of  Jurgens  of  an  epidemic  of 
dysentery  in  Germany  in  which  the  mannite-fermenting  or  Flexner  bacillus  was 
alone  obtained.  Similar  results  to  the  last  have  been  obtained  by  Park  in 
New  York. 

The  confirmatory  studies  of  Marckwald,  Muller,  Jurgens,  and  others  iii 
Germany,  Spronck  in  Holland,  Rosenthal  in  Russia,  Hoerr  in  Austria,  Vaillanl 
and  Dopter  in  France,  and  those  of  Drigalski  in  German  troops  returning  from 
the  Chinese  Boxer  war,  leave  no  doubt  of  the  causative  part  played  by  Bacillus 
dysenterlm  Shiga  in  dysentery. 

The  crucial  experiment  of  producing  dysentery  in  man  by  tlie  ingestion 
of  cultures  of  the  dysentery  bacillus  was  made  by  Strong  and  IMusgrave  on 
a Filipino  prisoner  condemned  to  death.  The  immediate  result  was  the 
appearance  of  characteristic  symptoms  of  dysentery,  fi-om  which  recovery 
took  place.  From  the  mucoid  stools  the  dysentery  bacillus  was  obtained 
in  cultures.  One  of  my  assistants  accidentally  aspirated  into  his  mouth 
a small  quantity  of  a fluid  culture  of  the  dysentery  bacillus,  and  in  spite 
of  thorough  and  immediate  disinfection  and  lavage  of  the  mouth,  a shai’p 
atUick  of  dysentery,  followed  by  recovery,  occurred. 

The  question  of  difference  in  the  clinical’ forms  of  dysentery,  depend- 
ing upon  the  particular  variety  or  type  of  infecting  bacillus,  has  not  been 
answered  finally.  Some  writers  have  held  that  infection  xvith  the 
original  Shiga  bacillus  tends  to  cause  a more  severe  set  of  symptoms  than 
are  produced  by  the  Flexner  type  of  bacillus.  Park,  of  New  York,  h;is 
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expressed  tliis  view,  based  upon  a small,  localised  epidemic  of  the  disease 
in  adults;  and  Charlton  and  -lehlc,  pupils  of  Escherich,  have  made  a 
similar  statement  based  upon  studies  of  certain  cases  among  infants.  JMy 
own  studies  do  not  bear  this  out;  but  I do  not  think  that  at  ))resent 
sutiiciently  accurately  collected  data  exist  u{)on  which  to  decide  finally  this 
matter.  I have  seen,  in  the  same  epidemic,  cases  of  dysentery  in  adults 
caused  by  either  bacillary  type,  and  they  ran  about  the  same  clinical 
course ; and  it  would  be  difficult  to  establish  severer  forms  of  lesions  of 
the  intestine  than  those  in  Manila  from  which  1 cultivated  the  oriitinal 
maunite-fernienting  dysentery  bacilli.  As  a rule,  however,  dysentery 
seems  to  l)e  caused  by  one  type  or  the  other ; the  occurrence  of  cases 
caused  by  both  in  a given  outbreak  of  the  disease  would  aj)pear  to  be 
exceptional.  That  mixtures  of  types  may,  however,  occur  in  the  same 
individual  has  already  been  pointed  out ; and  the  collective  investigation 
of  diarrha'as  in  children  by  the  Kockefeller  Institute  in  1903  brougbt  out 
the  fact  that  this  mixture  of  types  is  true,  not  only  for  the  “Shiga” 
and  “ Flexner  ” types  of  bacilli,  but  also  for  the  “ Shiga  ” and  subsidiary 
mannite-fermenting  vaideties  of  the  organism.  Knox  and  Schorer  have 
published  a series  of  cases  in  children,  studied  at  the  Wilson  Sana- 
torium, Baltimore,  from  which  they  di'aw  the  conclusions,  first,  that  in 
children  no  relation  exists  between  the  types  of  infecting  dysentery 
bacilli  and  the  clinical  course  of  the  disease  or  the  lesions  of  intestine  as 
revealed  at  autopsy  ; and  secondly,  that  the  mixtures  of  bacilli  may  involve 
any  two  or  even  more  of  the  recognised  varieties  of  the  micro-organism. 
The  studies  made  by  the  Rockefeller  Institute,  and  the  more  recent  ones 
of  Torrey,  and  Knox  and  Schorer,  all  tend  to  shew  that  in  children  the 
infecting  bacillus  is  most  frequently  one  of  the  mannite-fermenting 
species. 

An  advance  in  the  knowledge  of  the  dysenteric  bacillary  diseases  has 
been  made  by  the  discovery  of  Duval  and  Bassett  that  the  summer 
<liarrhoeas,  so  called,  which  prevail  in  waimi  temperate  climates  are 
frequently  caused  by  the  dysentery  bacillus.  A considerable  number  of 
children  suffering  with  this  disease  has  now  been  investigated  bacteilo- 
logically,  chiefly  under  the  auspices  of  the  Kockefeller  Institute,  and 
separate  studies  have  been  made  by  the  Health  Department  of  the  City 
of  New  York  and  private  investigators  in  several  cities  in  the  United 
Suites.  Fi-om  50  to  98  per  cent  of  successful  cultivations  of  the  dysentery 
bacillus  from  the  stools  and  intestinal  mucosa  of  children  were  secured. 
That  the  winter  dianlioeas  of  children  are  associated  in  a similar  manner 
with  the  dysentery  bacillus  is  shewn  by  Wollstein’s  confirmatoiy  studies 
at  the  Babies’  Hospital  in  New  York  City.  These  studies  in  children 
have  brought  convincing  evidence  of  the  occurrence  of  single  and  multiple 
dj'sentery  bacillus  infections.  The  rule  is  not  yet  established  for  the 
types  of  infection  most  frequently  met  with,  except  that  the  mannite- 
fermenting  bacilli  are  more  commonly  found  than  the  Shiga  ty])e. 
Which  of  the  mannite  fermenters  is  the  prevailing  micro-organism  has 
not  yet  been  determined.  The  results  obtained  by  Duval  and  Schorer  in 
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New  York  in  1903  shewed  great  preponderance  of  the  Flexner  type  of 
bacillus.  Of  seventy-four  children  yielding  the  dysentery  bacillus  seven- 
teen shewed  the  Shiga  type  of  organism ; in  eleven  it  existed  alone, 
and  in  six  in  association  with  the  Flexner  bacillus.  They  conclude  that 
“.single  infection  with  the  Flexner  type  of  bacillus  is  most  common, 
single  infection  with  the  Shiga  type  of  bacillus  is  far  less  common,  and 
double  infection  with  both  organisms  is  least  common  in  the  diarrhoeal 
di.seases  of  children.” 

It  is  exceedingly  doubtful  whether  these  conclusions  will  be  found  to 
hold  for  a larger  and  more  varied  material,  and  already  there  are  indica- 
tions that  they  cannot  be  generally  applied.  Knox  and  Schorer’s  studies 
at  the  Wilson  Sanatorium  in  1905  brought  out  the  interesting  point  that 
the  mannite-fermenting  sub-type  y bacillus  may  occur  even  more  freciuently 
than  the  Flexner  bacillus,  and  that  infections  with  two  or  more  types  of 
bacilli  are  more  numerous  than  infection  Avith  the  Shiga  type  of  bacillus 
alone. 

The  intestine  contains  such  a large  and  varied  bacterial  flora  that 
other  unusual  bacilli  must  be  e.xpected  to  appear  in  certain  cultures  from 
dysenteric  cases ; and  hence  it  is  not  surprising  to  find  that  certain 
other  bacilli  not  yet  classified  have  excited  the  attention  of  students  of 
dysentery  and  diarrhcea.  Of  all  these  bacteria  two  groups  oidy  deserve 
at  this  time  special  mention  : <i  dysentery-like  bacillus  which  ferments 
many  sugars,  including  lactose,  Avithout  the  formation  of  gas,  and  coagu- 
lates milk ; and  a bacillus  acting  merely  on  dextrose,  but  producing  much 
alkali  in  milk  and  other  culture  media.  The  first  approaches  the 
Flexner,  and  the  second  the  Shiga  type  of  dysentery  bacilli.  None  of 
the  established  dysentery  bacilli  ferment  lactose ; and  as  this  lactose- 
splitting bacillus  has  not  been  proved  to  bear  direct  relation  to  intestinal 
disease,  it  should  for  the  present  be  discarded  entirely.  The  same  is  true 
of  the  “ alkaline  ” bacilhis,  Avhich  resembles  in  some  features,  but  is  not 
identical  Avith,  Petruschky’s  bacillus.  DuA-al  and  Schorer  first  drcAV 
attention  to  these  bacilli  in  children,  and  Torrey  and  Knox  and  Schorer 
have  described  them  in  greater  detail.  Torrey  proposed  to  call  them 
pseudo  - dysentery  bacilli  — a manifestly  ill -chosen  term,  for,  as  they 
probably  are  mere  saprophytes,  they  should  not  be  dignified  by  a name 
that  can  only  be  misleading. 

There  can  be  no  doubt  that  the  discharges  do  not,  as  a rule,  contain 
the  bacilli  of  dysentery  in  such  numbers  or  combinations  as  make  it  pos- 
sible to  recover  them  as  readily  or  in  as  large  numbers  as  from  the 
intestinal  mucosa.  This  AAms  my  experience  in  tropical  dysentery,  and 
Vedder  and  DuA^al’s  as  regards  asylum  dysenteiy,  and  Avas  further  con- 
firmed by  Duval  and  Bassett,  and  Wollsteui  and  DeAvey.  It  is  interest- 
ing to  note  that  gentle  scraping  of  the  rectal  mueo.sa  during  life  Avill 
yield  material  from  Avhich  the  dysentery  bacillus  may  be  recovered  Avhen 
it  has  not  been  isolated  from  the  natural  intestinal  discharges,  and  the 
most  constant  results  are  obtained  from  deeper  scrapings  of  the  mucosa  of 
the  intestine  ^osi  mortem,  the  autopsy  having  been  macle  soon  after  death. 
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The  intimate  relationship  of  the  bacillus  of  dysentery  to  the  substance 
of  the  mucosa  of  the  intestine,  in  which  locality,  under  pathological  con- 
ditions at  least,  it  seems  able  to  survive  and  multiply,  is  of  considerable 
significance ; and  the  reverse  observation,  which  shews  that  this 
organism  increases  far  less  readily  and  is  quickly  overgrown  in  dis- 
charges when  once  outside  the  body,  can  be  interju'eted  as  indicating 
that  it  is  less  Avell  adapted  for  a saprojdiytic  than  for  a parasitic  existence. 

The  collective  investigation  carried  out  by  the  Kockefeller  Institute  in 
1003  shewed  the  wide  distribution  of  the  bacillus  of  dysentery.  The 
natural  habitat  outside  the  body  of  the  micro-organism  is  not  known,  and 
hence  its  mode  of  entrance  into  the  intestine  is  still  doubtful  in  many 
instances.  The  bacillus  has  not  yet  been  found  in  our  surroundings,  and 
is  known  only  as  occurring  in  the  intestine  and  very  rarely  elsewhere  in 
human  beings.  AYhat  is  known  of  its  pathogenicity,  as  obtained  from 
the  study  of  outbreaks  of  dysentery  in  adults,  would  lead  us  to  suppose 
that  it  led  a parasitic  existence  in  the  body  of  human  beings,  was  not 
one  of  the  intestinal  .saprophytes,  and  gained  entrance  into  fi'esh  human 
hosts  through  some  mediate  agency,  such  as  Avater,  directly  contaminated 
by  an  infected  person.  AVe  are,  however,  confronted  by  the  extraordinary 
observation  that  the  dysentery  bacillus  can  be  found  in  almost  all 
children  Avho  sutler  from  diarrhoeal  disease,  in  many  of  whom  the 
symi>toms  are  slight  and  transient,  and  cliiucally  of  almost  no  conse- 
(pience.  Aloreover,  this  diarrhaal  afiectiou  does  not  present  the  ap|)ear- 
ance  of  an  epidemic  disease,  least  of  all  of  a water-borne  epidemic 
disease,  which  might  account  for  the  great  prevalence  of  the  bacillus.  It 
arises  throughout  the  Avarm  months  of  the  year  chiefly,  in  fairly  regular 
succession,  and  Avithout  any  indications  of  explosive  violence.  A point 
of  difference  in  the  mode  of  spread  of  the  adult  and  childieu’s  infections 
is  at  first  sight  apparent.  AVhile  the  foimer  often  extend  Avith  e})idemic 

Iseverit}-,  the  latter  do  not  present  the  features  of  a spreading  epidemic. 

The  cases  in  children  seem  to  be  examjdes  of  individual  inoculation, 

. although  Ba.s.sett  has  described  examples  of  contagion  from  child  to  child. 
This  last  occurrence  can  be  compared  Avith  sporadically  communicated 
infectious  sometimes  seen  in  institutions  containing  many  aged  and  decrepit 
inmates,  and  possibly  Avith  the  endemic  disea.se  in  the  tropics,  Avhich 
I flourishes  less  as  an  epidemic  than  as  a sporadic  disease,  arising  in  the 

I many  cases  from  a common  source  of  occasional  infection. 

'I’hat  children  are  also  subject  to  infection  during  the  prevalence  of 
epidemics  of  dysentery  is  established.  There  is  little  resemblance 
in  the  condition  found  in  epidemic  diarrhoeas  and  in  epidemic  d^^senteiy 
among  children  except  in  the  nature  of  the  infecting  bacilli.  d’he 
disparity  in  the  clinical  course  and  moi'bid  anatomy  Avould  stamp  them 
as  Avholiy  distinct  and  independent  diseases  Avere  it  not  that  the  same 
pathogenetic,  causative  micro-organism  has  been  found  to  occur  in  both 
classes  of  cases.  In  morbid  anatomy  the  diarrlueal  diseases  aie  far  from 
forming  a unit,  Avhile  epidemic  dysentery  in  adults  and  children  is  usually 
I a pseudo-membranous  or  diphtheritic  form  of  inflammation. 

I 
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The  results  obtiiiiied  Ijy  the  American  investigators  of  the  diarrhoeal 
diseases  of  children  have  tiot  always  been  confirmed  by  European  investi- 
gators. Charlton  and  Jehle,  who  cultivated  dysentery  bacilli  of  the 
Shiga  and  the  Flexner  type  from  children  suffering  either  from  dysen- 
tery or  what  they  regarded  as  a form  of  food-poisoning,  failed  to  find 
either  bacillus  in  a group  of  children  presenting  the  symptoms  of  summer 
diarrhoea.  This  discrepancy  has  not  yet  been  cleared  uj).  Nepi- 
tive  results  are,  however,  at  best  suspicious  in  comparison  with  positive 
ones ; and  hence  it  must  still  remain  doul>tful  whether  this  last  group  of 
cases  should  be  regarded,  as  Charlton  and  Jehle  are  disposed  to  consider 
them,  as  colon  bacillus  infections. 

It  has,  of  course,  occurred  to  all  investigators  of  the  pathological 
conditions  supposed  to  be  due  to  the  dysentery  bacillus  to  search  for  the 
dysenteiy  bacillus  in  healthy  ])ci'sons.  The  common  experience  has  been 
failure  to  fiml  it  among  the  intestinal  bacterial  flora.  The  common 
occurrence  of  the  bacillus  in  children  suffeimig  from  diarrhma  necessitated 
renewed  and  painstaking  search  for  the  organism  in  healthy  children. 
Duval  and  Schorer  were  able,  by  examining  the  stools  of  two  healthy, 
milk-fed  infants  to  whom  cathartics  had  been  administered,  to  isolate  a 
few  colonies  of  the  Flexner  bacillus.  The  Flexner  type  has  been  obtained 
from  two  healthy  children  by  Charlton  and  Jehle.  Wollstein  also  culti- 
vated small  numbers  of  this  bacillus  from  thi’ec  children  not  supposed  to 
be  suffering  from  diarrhoeal  disease,  but  at  autopsy  the  intestines  shewed 
inflammatory  lesions  in  all.  The  unexpected  finding  of  the  dysentery 
bacillus  in  healthy  children  opens  up  a considerable  field  of  speculation  upon 
the  real  pathological  significance  of  the  organism.  It  would  seem  as  if  we 
had  no  grounds  for  denying  it,  in  many  pathological  cases,  significance  ; the 
presence  of  the  agglutination-reaction,  the  increasing  number  of  oigani.sms 
in  the  discharges,  the  close  relationship  of  the  bacilli  to  the  intestinal 
muco.sa,  afford  ample  proof  of  pathogenetic  action.  Admitting  the  pos- 
sibility that  the  bacillus  of  dysentery  is  after  all  an  occasional,  perhaps  a 
constant,  inhabitant  in  some  parts  of  the  intestinal  canal,  where  it  survives 
•saprophytieally  among  the  other  intestinal  bacteria,  it  might  be  con- 
sidered whether  repeated  and  extensive  damage  to  the  intestinal  mucosa 
or  functions  may  not  allow  the  freer  growth  of  the  organism,  and 
eventually  the  acquisition  of  parasitic  and  invasive  properties. 

There  is  reason  to  believe  that  in  certain  instances  in  which  a species 
of  micro-organism  is  constantly,  perhaps  even  normall}^  present  in  the 
body  in  a non-virulent  condition,  the  importation  from  without  of  a 
highly  pathogenetic  example  of  the  same  species  ushers  in  an  infection 
with  this  micro-organism.  It  is  nece.ssary  i?i  such  cases  to  distinguish 
between  auto-  and  extra-infections  Avith  the  given  parasite.  This  would 
seem  to  be  re(|uired  in  some  cases  of  lobar  pneumonia,  especially  in  con- 
ne.xion  Avith  the  relatively  rare  institutional  epidemics  of  the  disease. 
And  there  is  evidence  that  the  cholera  spirillum,  the  typhoid  bacillus,  the 
tubercle  bacillus,  the  diplococcus  of  epidemic  meningitis,  as  Avell  as  the 
pus  cocci,  may  all  occur  occasionally  or  constantly  in  the  body  as  harm- 
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less  saprophytes.  That  the  epidemiology  of  the  dysenteric  disease  will  be 
greatly  iiiHueuced  by  the  knowledge  of  the  wide  distribution  of  the  Shiga 
bacillus  is  evident. 

Dysentery  as  a terminal  disease  in  adults  the  subject  of  chronic 
Bright’s  disease,  cirrhosis  of  the  liver,  and  chronic  heart  disease  would 
appear  from  my  observations  to  bo  of  bacillary  origin.  In  several  such 
mstunccs  Bacillus  dj/senter ice  Vi'iis  obtained  in  cultures;  and  Howland  has 
drawn  attention  to  a similar  terminal  infection  with  Jj.  dysenterue  in  chil- 
ilren  the  subject  of  wasting  diseases. 

The  length  of  time  dining  which  the  d}’sentery  bacillus  may  survive 
ill  the  intestine  is  still  undetermined.  That  it  can  persist  there  for  many 
weeks,  after  partial  or  complete  recovery  from  dysentery,  is  certain.  In 
an  American  soldier,  invalided  from  Porto  Pico  for  dysentery  contracted 
during  the  Spanish  ar,  I shewed  that  the  bacillus  survived  in  the  intes- 
tine, and  produced  relapses,  for  many  months.  Lentz  and  Drigalski  both 
speak  of  relapses  of  dysenteric  symptoms  with  reappearance  of  the  bacilli 
in  the  stools  ; and  Conradi  obtained  the  dysentery  bacillus  from  five 
children  who  had  entirely  recovered  from  acute  dysentery  and  Avhose 
stools  had  become  normal,  and  from  a convalescent  four  weeks  after  his 
illness.  Ruge  describes  the  case  of  a soldier  completely  recovered  from  an 
attack  of  dysentery  acquired  in  the  Doberitz  epidemic,  who,  on  returning 
to  his  home,  suffered  from  slight  looseness  of  the  bowels,  and  became  the 
source  of  infection  for  a small  local  outbreak  of  dysentery.  That  the 
convalescent  and  the  slightly  ill  may  be  carriers  of  dysentery  bacilli  must 
be  taken  into  account  in  establishing  the  epidemiology  of  dysentery,  and 
may  serve  to  explain  many  of  the  outbreaks  of  dj’sentery  which  occur  in 
localities  and  under  conditions  in  which  large  numbers  of  persons  are 
closely  assembled,  such,  for  e.xample,  as  public  charitable  and  reformatory 
institutions  and  army  camjis. 

Morbid  Anatomy  of  Bacillary  Dysentery. — The  character  of  the 
I intestinal  lesions  produced  by  the  Bacillus  dysenterw  is  very  variable. 

, Any  analysis  of  the  lesions  must  fii’st  deal  with  the  widely  diverse  condi- 
I tions  met  with  in  adults  the  subjects  of  the  epidemic,  endemic,  or  sporadic 
I infection,  and  in  children  suffering  from  epidemic  or  true  sporadic 
r dysente»’y,  and  presenting  the  more  diverse  symptoms  and  lesions  of  so- 
il called  .summer  diarrhoea  of  warm  countries. 

The  most  definite  diseases,  as  based  upon  morbid  anatom}’,  are  the 
'I  epidemic  and  endemic  dysenteries  proper,  which  may  be  acute  or 
1 chronic.  In  theacutedi.sea.se  the  intestines  present  catarrhal,  p.seudo-mem- 
( branous,  and  ulcerative  lesions.  The  catarihal  process  may,  in  very  mild 
1 examples  of  the  disease,  be  alone  present ; it  is,  as  a rule,  associated  with 
the  other  more  severe  lesions  of  the  disea.se,  which  affect  a much 
' smaller  ])art  of  the  intestinal  canal  than  its  does.  AVhile  the  diphther- 
itic and  ulcerative  effects  arc  usually  limited  to  the  large  bowel,  the 
I catarrhal  process  may  include  as  well  more  or  less  of  the  small  intestine. 

The  intestinal  catarrh  is  not  peculiar  to  dysentery,  and  does  not,  therc- 
'(  fore,  call  for  special  description  here.  Since  these  pathological  changes 
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are  initiated,  if  not  caused  wholly,  by  one  species  of  micro-organism,  their 
description  should  follow  not  as  separate  diseases  but  as  different  mani- 
festations of  the  same  disease. 

Dysentery  in  adults  and  the  epidemic  and  rarer  sporadic  disease  in 
children  sliew  the  same  kinds  of  {mthological  changes  in  the  intestine. 
The  peritoneal  cavity  is  relatively  normal  in  ap[)earance ; but  on  close 
inspection  an  undue  tuigidity  of  the  blood-vessels  of  the  large  intestine 
may  be  noted,  and  more  rarely  the  vessels  of  the  lower  part  of  tlie  ileum 
are  also  injected.  The  mesenteric  lymphatic  glands,  especially  those  of 
the  rectum  and  sigmoid  flexure,  are  hyjjenTemic  and  swollen,  while  the 
glanils  placed  higher  up  in  the  abdomen  shew  less  swelling  or  are  entirely 
unaffected. 

The  a|)pearance  of  the  small  intestine  varies.  The  mucosa  may  be 
pale  and  the  contents  normal  in  appearance ; or  there  may  be  increase  in 
quantity  of  the  contents.  In  many,  but  not  in  all,  cases  the  small  bowel 
escapes  more  serious  lesions.  But  in  severe  cases,  and  especially  in  the 
severe  epidemics  and  in  endemic  tropical  dysentery,  the  small  intestine 
is  the  seat  of  hypera3inia,  oedema,  sometimes  even  of  haemorrhage  and  the 
production  of  false  membrane.  The  lower  part  of  the  ileum  is  the  part 
of  the  small  intestine  most  frequently  involved,  although  Beyer’s  patches 
usually  escape ; the  solitary  glands  may  be  swollen  and  hypera3mic, 
though  they  are  rarely  idcerated,  thus  contrasting  with  the  frequency 
of  ulceration  of  these  nodules  in  the  large  intestine. 

The  lesions  of  the  large  intestine  are  also  extremely  variable,  but  the 
more  characteristic  ones  make  up  the  classical  pathological  picture  of 
dysentery.  The  descriptions  given  by  Virchow  in  several  paj)ers, 
especially  in  that  dealing  with  the  dysentery  of  the  troops  returning 
from  the  Branco-Prussian  War,  leave  veiy  little  room  for  additions.  The 
character  of  the  lesions  depends  upon  the  stage  of  the  process,  and  it  is 
usual  to  divide  the  disease,  upon  clinical  and  pathological  grounds,  into 
acute  and  chronic  stages. 

It  has  been  customary,  since  Virchow’s  descriptions,  to  look  upon  the 
intensity  of  the  lesions  in  the  colon  as  depending  upon  the  length  of  time 
the  ffeces,  supposed  to  cany  the  injurious  agents,  remain  in  contact  with 
the  mucous  membrane.  Hence  the  flexures  of  the  colon,  the  emeum, 
and  the  ampulla  of  the  rectum  usually  shew  more  severe  and  advanced 
lesions  than  other  parts  of  the  large  gut.  This  rule  is,  however,  not 
without  impoi'tant  exceptions,  and  some  writers  have  drawn  especial 
attention  to  the  affection  of  certain  segments  of  the  gut.  For  example, 
the  rectum,  sigmoid  flexure,  and  ileo-ccecal  valve  are  stated  to  be  most 
often  the  seat  of  the  disease  in  Cochin  China,  while  in  the  Antilles  and 
in  the  French  Suilan  the  transverse  colon  is  believed  to  be  attacked  first, 
the  rectum  becoming  affected  later.  IMy  observation  of  the  endemic 
bacillary  dysentery  of  the  Philippines  led  me  to  conclude  that  in  the 
severer  cases  the  mucosa  of  the  whole  of  the  colon  suffered  uniformlys 
and  this  is  confirmed  by  Strong  and  Musgrave. 

The  acute  lesions  are  first  seen  on  the  elevations  of  the  folds  of  the 
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mucosa ; from  these  localities  they  extend  to  the  lower  le\  els.  The 
lesions  consist  of  swelling  and  necrosis  of  the  mucous  membrane,  with 
pseudo-membrane  formation.  The  surrounding  mucous  membrane  is 
bypeiwmic  and  mdematous,  often  hteinorrhagic,  and  covered  with  mucus 
of  a glassy  appearance,  which  is  often  blood-stained.  This  material  has 
been  compared  by  Ziegler  to  white  of  egg.  Later  on,  the  pale  colour 
of  the  pseudo  - membrane  altens,  and  becomes  a darker  greyish  - green 
tint.  The  false  membrane  does  not  extend  uniformly  and  continuously, 
but  spreads  out  irregularly  and  from  separated  islands  of  deposit.  The 
result  is  an  irregularly  figured,  elevated,  whitish  or  discoloured  ])seudo- 
membrane  surrounded  by  deeply  congested  mucous  membrane.  The 
consistence  of  the  wall  is  increased  by  reason  of  the  infiltration  of  the 
mucosa  and  submucosa.  As  has  been  mentioned,  the  solitaiy  lyni})hatic 
glands  become  enlarged  and  sometimes  soften  and  xdccratc  in  the  centie. 

Ulceration  of  the  mucosa  is  common  in  this  stage  of  dysentery.  It  is 
brought  about  by  the  separation,  by  means  of  localised  iiiHaimnation, 
and  possibly  through  the  agency  of  secondary  im  ading  micro-oi’ganisms, 
of  the  necrotic  mucous  membrane  and  false  membi'ane.  The  ulcci's, 
therefore,  depend  in  superficial  extent  and  depth  uj)on  the  degree  of 
previous  necrosis.  iSot  infrequently  adjacent  areas  of  necrotic  membrane 
are  separated  and  cast  off,  thus  giving  rise,  by  continuity,  to  large  ulcers. 
Hence  the  gi’eat  variation  in  size,  form,  and  depth.  The  ulcers  usually 
present  a clean  surface,  the  edges  are  generally  elevated,  and  the  base 
may  be  formed  by  the  submucous  or  even  by  the  muscular  coat ; the 
ulcers  are  rarely  confined  to  the  mucous  membrane.  Exceptionally  all 
the  coats  of  the  intestine  are  involved  in  the  destructive  process  and  the 
serosa  is  perforated.  By  reason  of  this  continuity  of  extension  large 
areas  of  the  gut  may  be  undermined,  and  sloiighs  of  the  tissue  of  cori-e- 
sponding  size  may  be  separated  and  be  j)assed  in  the  motions,  or,  if 
imperfectly  separated,  may  be  found  adhering  to  t he  idcers.  AY  hen 
ulceration  penetrates  deeply,  inflammation  of  the  peritoneum  often  sets 
in  and  leads  to  localised  exudate  upon  the  sero.sa,  and  also,  at  times,  to 
adhesion  to  neighbouring  loops  of  intestine.  These  localised  inflam- 
mations may  eventually  give  rise  to  pei'manent  thickening  of  the  gut 
and  to  pathological  adhe.sions  and  kinks.  Actual  suppuration  of  the 
mucosa  never  occurs  in  uncomplicated  cases  of  bacillarj’  dysenteiy. 
When  much  pus  is  present  in  the  exudations,  large  numbers  of  pyogcnetic 
cocci — streptococci  chiefly — Avill  be  found  to  be  presejit. 

The  process  of  repair  may  begin  at  any  stage  of  the  disease  and 
progress  to  complete  restitution  of  the  intestine,  or  to  siich  partial 
restitution  as,  while  restoring  largely  the  integrity  of  the  mucosa, 
leaves  the  submucous,  mu.scular,  and  peritoneal  coats  permanently  altered 
by  cicatri-sation.  Even  the  mucosa  is  altered  by  the  new  tissue  which 
leads  to  puckering  of  its  suidaces  and  modifies  the  glandular  structure. 

In  the  chronic  disease  the  whole  intestine  is  thickened,  indurated, 
more  or  less  narrowed  with  corresponding  dilatations  above  the  stia'ctures. 
The  serous  membrane  covering  the  thickened  loops  of  intestine  may  be 
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pigmented.  The  surface  of  the  mucosa  is  often  dull  in  appearance,  and 
pigmented  depressed  areas — the  scars  of  healed  ulcers — are  often  present. 
The  pigmentation  e.xtend.s,  at  times,  into  the  adjacent  normal  mucosa. 
Islands  of  mucous  membrane,  separated  by  dejiressed  scars,  often  persist, 
and  by  cicatricial  contraction  are  thrown  into  undue  prominence ; in  this 
way  areas  of  mucosa,  partly  strangulated  by  scar-tissue,  may  give  the 
surface  of  the  intestine  a polypoid  appearance. 

The  full  etiology  of  the  chronic  forms  of  dysentery  which  succeed  a 
small  proportion  of  cases  presenting  at  the  outset  acute  symptoms  has  yet 
to  be  worked  out.  Tlie  probability  that  mixed  and  perhaps  multiple 
infections  have  occurred  is  a strong  one.  That  the  pyogenetic  cocci  play  a 
part  in  bringing  about  the  final  results  seems  likely  ; and  the  colon  bacilli 
may  even  not  be  wholly  innocuous  as  the  .blood  sometimes  shews  agglu- 
tination for  them.  In  keeping  with  this  long  period  of  intoxication 
the  wall  of  the  intestine  sometimes  shews  amyloid  change.  Unless 
reinfection  has  taken  place,  acute  lesions,  such  as  haemorrhage  or 
the  formation  of  false  membrane,  are  absent.  But  exacerbations  are 
so  common  that  it  not  infrecpiently  happens  that  small  extravasations  of 
blood  and  areas  of  necrosis  and  false  membrane  co-exist  with  the  scars  of 
a more  ancient  disease.  Should  separation  of  the  necrotic  tissue  have 
occurred  then  recent  ulcerations  may  be  present  also.  It  is  not  rare  to 
find  the  several  stages  of  the  disease  existing  side  by  side ; but  in  the 
chronic  disease  the  acute  lesions  are,  as  a rule,  subordinated. 

The  ?nicroscopical  appearances  vary  with  the  stage  and  intensity  of  the 
disease.  The  characteristic  histological  changes  are  found,  in  the  acute 
disease,  in  the  mucous,  submucous,  and  muscular  coats,  and  are  most 
marked  in  the  first  situations.  It  is  impossible,  in  a brief  space,  to  cover 
the  varying  microscopical  appearances,  and  hence  a description  of  the 
severer  lesions  only  Avill  be  given. 

The  changes  of  the  mucous  membrane  consist  of  coagulative  necrosis 
Avith  exudation  of  fibrin  and  polymorphonuclear  cells.  The  fibrinous  and 
cellular  exudate  may  entirely  replace  the  glandular  layer,  in  the  affected 
parts,  or  here  and  there  a gland  may  be  preserved.  The  pseudo-mem- 
brane is  a close-meshed  netAvork  of  fibrin  enclosing  multinuclear,  often 
fragmented,  cells.  Often  no  blood-vessels  can  be  distinguished,  but  a 
number  of  red  blood-corpuscles  are  mingled  Avith  the  exudate  and  lie  free 
upon  the  surface.  The  muscularis  mucos®  may  be  lost  in  the  exudate. 
The  chief  change  in  the  submucosa  is  the  thickening  of  the  Avail  of  the 
gut.  The  part  Avhich  tends  to  bo  most  affected  is  the  layer  next  the 
muscularis  mucosae.  Haemorrhage,  fibrin,  and  cellular  accumulations 
occur  there  in  irregular  distribution.  In  the  deeper  parts  the  cellular 
infiltration  is  less,  l)ut  oedema,  filn-in,  and  haemorrhages  are  correspond- 
ingly increased.  The  exuded  Avhite  corpuscles  consist  chiefly  of  Unna’s 
plasma-cells,  Avhich  arc  collected  into  foci,  often  about  A'eins  and  arteries ; 
but  they  occur  also  singly  and  in  small  groups.  A A^ariable  number  of 
polymorphonuclear,  neutrophilic,  and  eosinophilic  cells  are  also  present. 

The  inflammation  in  the  deeper  parts  of  the  intestinal  Avail  extends 
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liitorally  beyond  the  limits  of  tlie  diseased  mucous  membrane,  and  in  the 

• submucosa  the  exuded  cells  may  intermingle  Avith  lymphoid  cells.  The 
blood-vessels  of  the  submucosa  may  be  jiatent  and  coi\gested,  the  blood 
conUiining  an  excess  of  white  elements;  or  they  may  shew  recent 
leucocytic,  hyaliue,  and  fibrinous  thrombi.  Hyaline  degeneration  of  the 
vascular  walls  does  not  occur  in  this  stage.  Dilated  lymphatic  spaces 
may  contain  fibrinous  clots.  The  muscular  coat  shews  a variable  cellular 

■ inriltration  consisting  of  red  and  Avhite  corpuscles,  but  the  peritoneal 
tunic,  as  a rule,  escapes  invasion.  When,  howcvei',  the  ulceration  has 
I extended  deeply  into  the  muscular  coat  the  serous  mend)rano  is  covered 
with  a fibriuo-purulent  exudate,  corresponding  in  extent,  more  or  less, 
with  the  area  of  tissue  destruction. 

The  process  of  repair  consists  in  the  formation  of  granulation-tissue 
in  the  depth  and  from  the  sides  of  the  ulcer.  Gradually  the  defect  is 
restored,  but  the  histological  regeneration  of  the  several  coats  is  imperfect. 
The  pigmentation  of  the  scar  and  atljacent  mucous  membrane  is  due  to 
the  iron-containing  blood  pigment — ha^mosiderin— which  reacts  Avith  the 
H.^S  of  the  intestine  to  produce  iron  sulphide.  The  appearance  of  similar 
> dark,  pigmented  areas  in  the  serous  coat  folloAvs  jmnetiform  extravasa- 
tions of  the  blood  into  this  membrane. 

The  follicular  ulcerations  are  frequently  the  results  of  suppuration  of 
the  dilated  crypts  of  Lieberkiihn. 

Bacteria  are  abundant  in  the  fibrinoiis  exudation  in  the  mucous 
' membrane,  and  consist  of  cocci  and  bacilli.  In  specimens  stained  by 
' Gram's  or  Weigert’s  methods,  large  numbers  of  cocci,  in  short  chains  or 
. groups,  can  be  seen.  Other  specimens,  stained  in  alkaline  methylene  blue, 

• shcAA-,  beside  cocci,  many  bacilli  of  the  colon-typhoid-dysentery  bacilli 
morpholog3^  The  bacteria  are  almndaTit  in  the  neciotic  mucous  mem- 
brane, but  the}"  are  less  ea.sily  found  in  .sections  in  the  deeper  tissues. 
The  adjacent  preserved  glands  often  shcAv  bacilli,  Avhich  may  be  dis- 
covered in  the  submucous  and  muscular  tissue,  l»ut  less  often  than  might 

. be  expected.  There  is  no  means  of  di.stingui.shing  the  dysentery  bacillus 
' morphologically  from  other  intestinal  bacilli  of  the  same  group. 

\\’hile  bacillary  dysentery  in  adults  is  a disease  possessing  a fairly 
definite  morbid  anatomy,  and  Avhile  epidemic  dysentery  in  children  agrees 
' in  S}’mptoms  and  in  morbid  anatomy  Avith  that  disease  of  adults,  the 
t dvsentery  bacillus  infections  in  children,  Avhich  arise  sporadically  and 
erulemicall}’  in  Avarm  climates,  present  the  greatest  vajiety  of  ,sym])toms 
I and  lesions.  Howland  has  studied  the  gro.ss  and  microscopic  changes  in 
i thirty-tAvo  children,  in  all  of  Avhom  the  dysentery  bacillus  (Flexner  type) 

' Avas  present,  and  he  concluded  that  all  grades  and  types  of  disease,  as 
<li.stinguished  by  clinical  symptoms  and  pathological  lesions,  are  met  Avith. 
In  one  group  of  cases  pseudo-membranous  inflammation  occurs  ; in  another 
' the  general  intestinal  mucosa  escapes,  Avhile  hyperplasia  of  the  lymjdiatic 
glands,  both  agminated  and  solitary,  Avith,  in  some  instances,  denudation 
of  the  superficial  epithelium  and  “pitting”  of  the  follicles,  exist;  in  a 
' third  group  superficial  iiecrosis  and  idceration  of  the  muco.sa,  not  limited 
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to  the  follicles  and  independent  of  false  membrane,  take  place ; while 
the  fourth  group,  which  includes  the  largest  number  of  cases,  shews  few 
or  no  lesions  either  to  the  naked  eye  oi’  under  the  microscope. 

Experimental  Dysentery. — The  lower  animals,  after  being  fed  on 
the  Bacillus  dysenterke,  do  not  develop  the  symptoms  or  lesions  of 
dysentery.  The  dog,  which  may  succumb  to  simple  feeding  on  cultures, 
develops  diarrluea,  and  after  five  or  six  days,  in  fatal  cases,  the  mucous 
membrane  of  the  gut  may  shew  hyperaemia  and  small  haemorrhages. 
From  the  mucus,  which  is  in  excess,  the  bacillus  may  be  recovered 
in  cultures.  Cats  are  insuscei)tible  to  cultures  given  by  the  mouth 
unless  jjreceded  by-  ci’oton  oil,  in  which  case  the  diarrhoea  may  persist, 
the  bacilli  be  recovered  from  the  dejections,  and,  finall}',  death  may 
result.  The  lesions  are  not  characteristic.  Lower  monkeys  are  not 
affected  l)y  large  quantities  of  cultures,  even  when  preceded  by  croton  oil 
purgation.  On  the  other  hand,  almost  all  animals  re.spond  with  swelling 
and  illness  to  subcutaneous  injections  of  the  cultures,  whether  ali\'e  or 
killed  at  a low  temperature.  If  the  dose  of  bacilli  given  be  large  they 
may  succumb.  INIice  and  guinea-pigs  are  relatively  susceptible  to  intra- 
l)eritoneal  injections  of  living  and  dead  cultures.  The  lesions  are 
inflammatory  and  not  specific. 

In  striking  contrast  to  the  absence  of  characteristic  appearances  in  the 
animals  mentioned  is  the  rabbit,  which  is  peculiarly  sensitive  to  certain 
strains  of  the  dysentery  bacillus,  and  reacts  in  a manner  wdiich  nmch 
more  closely  resembles  the  natural  dysenteric  disease  in  man.  If  cultures 
of  the  Shiga  type  of  bacillus  be  injected  into  the  rabbit — under  the  skin, 
into  the  al)domen,  or  intravenously  — diarrhoea  develops  in  a fair 
percentage  of  animals,  and  usually  ends  fatally.  Lesions  appear  some- 
times in  the  small  intestine,  sometimes  in  the  large  intestine,  some- 
times in  both  at  the  same  time.  The  small  intestines  are  dilated 

and  filled  with  soft,  yellowish  faeces,  and  the  Peyer’s  patches 

are  swollen,  and  punctiform  hemorrhages  occur  in  the  mucosa ; 
the  lesions  in  the  large  intestine  are  limited,  for  the  most  part,  to  tlie 
dilated  cecum,  the  vermiform  appendix,  and  the  colon  i)i  the  immediate 
neighbourhood.  The  walls  of  the  cecum,  which  shew  the  most  ]iro- 
nounced  lesions,  are  greatly  swollen,  mdematous,  hemorrhagic,  and  the 
mucosa  is  often  covered  with  false  membrane.  LTlceration  occurs  in 
animals  surviving  a few  days.  The  lymphatic  tissue  of  the  cecum  at  its 
junction  with  the  ileum,  and  of  the  vermiform  appendix,  is  gi'catly 
swollen.  The  pathological  appearances  presented  by  the  cecum  resemble, 
in  many  ways,  acute  pseudo-membranous  dysenteric  lesions  in  man. 

It  has  been  shewn  that  the  lesions  result  from  the  action  of  a toxic 
substance,  since  they  occur  from  the  injection  of  filtrates  obtained  from 
the  Shiga  bacillus  as  well  as  from  the  bacilli  themselves.  The  susceptibility 
of  the  rabbit  to  this  toxin  is  very  high ; of  a cubic  centimetre  or 
even  le.ss  of  a filtrate  obtained  from  an  autolysed  culture  sufficing  to 
produce  the  lesions  and  cause  the  death  of  the  animals.  Yaillard  and 
Dopter  have  descriljed  similar  ulceration  of  the  intestine  in  doijs  to  whom 
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the  dysentery  toxin  was  given.  Feeding  animals  with  the  toxin  or  cultures 
of  the  bacilli  has  no  visible  etiects  on  the  intestinal  mucosa. 

Kabliits  also  sutler  from  paralysis  of  the  extremities,  due  to  iiiHamma- 
■ tion  of  the  grey  matter  of  the  spinal  cord,  from  intoxication  induced  by 
' the  Shiga  bacillus. 

As  the  result  of  an  investigation  into  the  pathogenesis  of  the  intes- 
tinal lesions  in  rabl>its.  Sweet  and  1 concluded  that  the  lesions  are 
I eliminative  in  character.  Since  they  arise  only  when  the  toxin  reaches 
: the  intestine  with  the  blood,  it  is  to  be  presumed  that  they  depend  upon 
. excretion  of  the  poison  by  the  intestine.  A\"e  found,  moreover,  that  the 
toxin  is  eliminated  into  the  intestine,  in  large  part,  apparentl}’^,  with  the 
l)ile,  and  that  the  presence  of  a Idliary  fistula  in  the  ial)bit  prevents  the 
. development  of  the  intestinal  symptoms  and  lesions,  although  the  animal 
still  succumbs  to  the  neurotoxic  poison.  The  toxin  is,  doubtless, 
reabsorbed  in  its  passage  through  the  small  intestine,  the  elimination 
being  gradually  effected,  chiefly  by  the  ca?cum,  and  in  this  Avay  lesions 
arise.  Direct  application  of  a powerful  toxin  to  the  mucous  membrane 
of  the  small  intestine,  or  to  the  caecum,  partly  emptied  of  its  contents  by 
purgation,  does  not  lead  to  inflammation,  necrosis,  or  to  the  production 
' of  false  membranes. 

It  is  not  improbable  that  in  man  the  intestinal  lesions  of  dysentery 
have  a similar  origin.  The  dysentery  bacilli  nndtiply  throughout  the 
intestine,  but  marked  damage  is  mainly  confined  to  more  or  less  special 
parts  of  the  large  intestine.  Absorption  of  the  dysenteric  toxin  from 
the  small,  and  possibly  also  from  parts  of  the  large  intestine,  folloAved  by 
excretion  of  the  poison  by  specialised  areas  of  mucous  membrane,  is  Avhat 
may  be  assumed  to  occur  in  man.  The  influence  of  the  mechanical 
pressure  of  the  frecal  contents  in  determining  the  localisation  of  the  lesions 
becomes  Avholly  of  secondary  importance,  and  serves  at  most  to  alter  the 
circidation  and  nutrition  at  the  site  of  contact,  through  which  either 
the  process  of  excretion  is  modified  or  the  injurious  action  of  the  poison 
promoted. 

The  occurrence  of  toxic,  necrotic,  and  pseudo-membranous  lesions  in 
rabbits  shews  that  the  presence  of  bacteria  in  the  membrane  does  not 
If  suflice  to  account  for  the  damage  to  the  tissues  and  subsequent  fibrinous 
I inflammation.  Since  similar  results  to  the.se  are  caused  by  metallic 
I poisoning — especially  by  mercurial  poisoning — the  toxic  action  of  certain 
bacterial  poisons  on  the  intestine  and  of  these  heavy  metals  ma}^  be  Au’ewed 
as  produced  in  the  same  manner.  In  this  connexion  it  may  be  pointed 
( out  that  SAveet  and  I observed  that  rabbits  Avith  biliary  fistulre  develojAcd 
1 much  slighter  lesions  in  the  caecum  after  mercurial  poisoning  than  the 
control  animals.  Simon  Flkxner. 

Symptomatology. — 1.  Acute,  Dysentery. — The  incubation  - period  of 
true  dysentery  extends  from  24  to  48  hours.  In  pseudo-dysentery  the 
' symptoms  folloAv  the  exciting  cause  in  from  6 to  12  hours.  Dysentery  may 
1 set  in  suddenly ; sometimes  it  supervenes  on  a period  of  constipation. 
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Imt  more  frequently  it  begins  as  diarrlioea  which  has  nothing  about  it  to 
excite  suspicion.  During  this  premonitory  period  some  loss  of  appetite 
and  general  malaise  may  be  complained  of.  When  the  looseness  has 
continued  for  a day  or  two,  defecation  begins  to  be  accompanied  by 
griping,  commencing  around  the  navel  and  radiating  along  the  course 
of  the  colon.  The  stools  become  more  frequent,  and  are  passed  with 
uneasiness  increasing  to  straining.  The  stools  now  change  their 
character,  the  fieces  of  the  diarrliceal  stage  (if  such  existed)  being  mixed 
with  mucits  streaked  with  blood.  Blood  and  mucus  soon  constitute 
the  entire  evacuation,  which  is  preceded  by  distressing  griping  pains 
(tormina)  and  prolonged  and  painful  straining  (tenesmus).  The  ingestion 
of  food  or  drink,  or  movement  of  an}^  kind,  provokes  a call  to  stool ; l)ut 
apart  from  any  such  provocation  a continual  desire  to  evacuate  the  bowels 
is  present,  which  is  but  momentarily,  if  at  all,  relieved  by  going  to  stool. 
Long-continued  straining  results  in  the  passing  of  a small  quantity  of 
bloody  mucus,  and  the  smaller  the  (juantit}^  the  greater  the  straining. 
Occasionally  small,  hard  masses  of  f«ces  (scybala)  are  passed.  Aftei-  a 
few  days,  the  anus  becomes  inflamed  and  is  the  seat  of  burning  pain, 
bringing  on  spasmodic  contractions,  which  at  a later  period  give  place  to 
relaxation  of  the  sphincter  ani,  so  that  prolapse  may  ensue.  AVhen  the 
rectum  is  much  affected  the  bladder  sympathises,  and  dysuria  ino'eases  the 
sufferings  of  the  patient.  Pressure  in  the  course  of  the  large  intestine  often 
elicits  pain.  In  mild  cases,  fever  is  frequently  absent  or  insignificant,  but 
afebrile  cases  are  not  always  free  from  danger.  It  is  rare  for  the  fever  in 
uncomplicated  dysentery  to  make  its  debut  bj'^  a rigoi'.  AVhen  the  patient 
has  suffered,  or  is  suffering,  from  the  malarial  infection  there  is  often  an 
evening  rise  of  2°  or  3°  F.  In  the  more  intense  forms,  fever  is  present  apart 
from  malarial  com])lications.  Shiga  states  that  in  the  dysenterj'^  of  Japan 
the  temperature  often  rises  to  100°  or  102°,  and  not  seldom  to  104°  F.  Drs. 
Washbourn  and  Richards  observed  numerous  cases  of  dysentery  in  South 
Africa  with  irregular  pyrexia,  reaching  101°  to  103°  F.,  starting  at  the 
commencement  of  the  attack,  lasting  from  three  to  eight  days,  and  falling 
coincidently  with  an  ini])rovement  in  the  stools.  In  the  later  stages,  the 
pulse  becomes  weak  and  fast,  the  action  of  the  heart  rapid,  irregular,  and 
feeble.  The  appetite  is  impaired,  the  tongue  coated,  and  in  some  cases 
a sub-icteric  tinge  of  the  skin  is  observed.  Vomiting  is  generally  absent, 
and  is  seldom  urgent,  unless  the  dysentery  is  complicated  with  an  inflam- 
matory affection  of  the  liver.  The  urine  is  decreased.  The  urea  and 
uric  acid  are  in  exce.ss ; the  chlorides  diminished,  and  albumin,  if  jmesent 
at  all,  is  in  small  amount,  unless  in  the  severer  forms  of  the  disease. 
The  blood  changes  have  not  been  much  studied.  According  to  Strong 
and  Musgrave,  there  is  some  polymorphonuclear  leucocytosis,  but  this  is 
not  seen  in  rapidly  fatal  cases.  The  red  corpuscles  ai-e  at  first  relatively 
increased  from  the  drain  of  fluid  from  the  bowel,  but  fall  below  the 
normal  when  blood  makes  its  appearance  in  the  stools.  The  stools,  Avhicb 
in  mild  cases  vary  from  15  to  .50,  and  in  severe  cases  may  number  150 
a day,  are  destitute  of  faical  odour  and  consist  at  first  of  mucus  and 
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blood.  This,  iit  least,  is  generally  the  case  when  the  disease  is  limited  to 
the  lower  extremity  of  the  bowel.  After  a time  they  assume  a serous 
character.  A reddish  Huiil,  mi.xed  with  Avhite  Hakes  and  small  Hesli-like 
particles — the  raclure  de  bui/aux  of  French  physicians — makes  its  apiicai- 
ance.  This  Huid,  iiidike  that  of  the  first  stage,  is  rich  in  albumin ; the 
mean  daily  loss  of  which  in  a dysentery  of  moderate  severity  has  been 
estimated  by  Oesterlen  at  li  or  2 ounces — a drain  which  accounts  for 
the  rapidly  increasing  emaciation  and  debility  of  the  patient.  The 
mucous  motions  have  a nauseating,  the  serous  ones  an  offensive  odoui-, 
both  distinctive  of  the  disease.  The  disease  may  be  arrested  or  prove 
fatal  at  this  stage,  or  pass  into  that  of  gangrene.  Dysentery  does  not, 
however,  always  run  its  course  in  distinct  stages.  I’he  evolution  of  the 
disease  and  the  character  of  the  stools  vary  gi’eatly  in  different  epidemics — 
much  more  so,  in  fact,  than  ordinary  descriptions  would  lead  one  to  suppose. 
In  some  of  the  most  dangerous  and  rapidly  fatal  cases  the  stools  are  more  or 
less  feculent  throughout,  of  a green  colour,  mixed  with  blood,  at  one  time 
containing  mucus,  at  another  consisting  of  a dark  brown  offensive  Huid. 
Sometimes,  again,  there  are  vomiting  of  greenish  matter  and  cojiious  bilious 
motions  for  the  first  day  or  two,  mucus  and  blood  appearing  later.  Sudden 
. changes  in  the  character  of  the  stools  indicate  danger.  Then,  it  is  to 
be  noted  that  in  some  fatal  cases  there  is  little  complaint  of  tormina 
; and  tenesmus.  The  dysenteric  toxin  has  a marked  inHuence  on  the 
muscle  and  nervous  apparatus  of  the  heart,  giving  rise  to  functional 
.i  disturbances,  and  more  rarely  to  organic  disease.  Thebaut  observed  a 
mild  but  very  infectious  outbreak  at  Vincennes  in  1897,  in  which  42  ]jer 
cent  of  the  patients  had  severe  functional  disturbance  of  the  heart.  In 
' two  fatol  cases  there  was  slight  hypertrophy  of  the  left  and  fiaccidity  and 
“friability”  of  the  7-ight  ventricle.  Nenninger  met  with  numerous  cases 
< of  functional  heart  disease  among  German  soldiers  convalescing  from 
I dysentery  contracted  in  China.  The  symptoms  were  rapid,  weak,  irre- 
) gular  pulse,  functional  murmurs,  dilatation  of  one  or  both  chambers. 

' The  muscle  of  the  heart  apparently  undergoes  degenerative  changes  in 

I'  these  cases.  Intestinal  perforation  will  be  indicated  by  symptoms  of 
acute  peritonitis,  or  by  those  of  perityphlitis  or  peripi'octitis. 

Gangrenous  Dysentery. — Gangrene  may  supervene  during  the  progress 
t of  a mild  attack,  or  the  symptoms  from  the  commencement  may  have  been 
I of  unusual  intensity,  the  disease  rapidly  ending  in  sloughing.  One  is  almost 
; justified  in  speaking  of  a primaiy  gangrenous  dysentery  in  those  cases  in 
’ which  death  takes  place  as  early  as  the  third  or  fourth  day.  Extensive 
• sloughing  has  frequently  been  met  with  in  the  epidemic  dysentery  of 
' temperate  climates,  as  in  the  Glasgow  epidemic  of  1827-28,  in  the 
Wakefield  Asylum  in  the  same  years,  in  Edinburgh  in  1828,  in 
Paris  in  1859.  The  diagnostic  characters  of  gangrene  are  derived  from 
• the  stools  and  the  concomitant  constitutional  disorder.  The  stools 
are  serous,  of  a dark  brown  colour,  mixed  with  pus,  thin  membranous 
- shreds,  black  Haky  sloughs  of  the  mucosa,  or  thickei-,  dai-k  grey,  shagg}q 
' pus-infiltrated  sloughs  of  the  mucosa  and  submucosa,  Avith  a grumous 
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deposit  consisting  of  tlie  debris  of  the  disintegrated  intestine  mixed  with 
blood  and  pus.  Tubular  sloughs  are  sometimes  passed.  Sir  J.  Fayrer 
records  a case  in  which  a tubular  slough  about  a foot  long  was  discharged, 
and  Diitroulau  another  in  which  12  inches  of  the  mucous  and  submucouS' 
coats  w'ere  discharged.  Toth  patients  made  a good  i-ecovery ; but  a 
favourable  termination  in  these  cases  is  undoubtedly  rare.  The  consti- 
tutional symptoms  of  gangrenous  dysentery  are  those  of  increasing, 
prostration.  Idle  jiulse  is  fast  and  weak ; the  extremities  cold ; the 
tongue  dry,  red,  and  glazed,  or  black ; the  urine  is  scanty,  and  often 
albuminous  ; occasionally  there  is  .suppression. 

Towards  the  end,  in  all  forms  of  dysentery,  the  tormina  and  tenesmus 
decrease  or  disappear,  the  motions  pass  involuntarily,  the  tongue  becomes 
dry,  the  temperature  sinks,  colhqise  sets  in,  and  troublesome  hiccup 
announces  the  end.  The  mind  generally  remains  clear  till  the  last,  but  in 
some  cases  the  patient  falls  into  a state  of  low  delirium. 

When  a favourable  issue  from  the  simple  or  the  gangrenous  form  is  in 
prospect,  the  motions  become  more  healthy  and  feculent,  and  less  fre- 
quent ; the  urine  is  more  abundant,  the  patient’s  strength  and  appearance 
improve,  and  the  pulse,  temperature,  and  tongue  become  normal.  Mild 
forms  of  dysentery,  or  pseudo-dysenteiy,  often  recover  on  the  third  or 
fourth  day,  while  still  in  the  mucous  stage.  More  severe  attacks  may 
last  for  a week  or  a fortnight,  or  even  longer.  Some  cases  run  a 
fulminant  course  and  prove  fatal  in  from  three  to  seven  days,  with  or 
without  gangrene. 

Microscopicall}',  the  stools  in  the  first  stage  are  found  to  consist  of 
hyaline  mucus,  mixed  with  red  and  white  corpuscles,  bacteria,  and  epi- 
thelium from  the  bowel.  Fsecal  detritus  is  often  absent.  At  a later  stage 
they  consist  chiefly  of  blood  and  pus,  with  sloughs,  broken-down  tissue, 
and  undigested  fragments  of  food.  A bacteriological  examination  will,  in 
most  instances,  reveal  one  or  other  of  the  varieties  of  Shiga’s  bacillus — at 
an  early  stage  almost  in  pure  culture,  but  later  mixed  with  other  bacteria. 
Pathogenetic  amoel)te  are  absent,  but  mixed  infections  have  been  some- 
what frequently  observed  in  the  Philippines  and  the  United  States. 

(Jkroaic  Djisenterii. — Chronic  dysentery,  rarely  originating  in  temper- 
ate climates,  appears  in  three  ways : — («)  An  acute  attack,  instead  of 
ending  in  recovery,  persists  in  a mitigated  form,  {h)  After  apparent 
recovery  dysenteric  symptoms  of  a milder  but  more  persistent  character 
reappear,  (c)  The  disease  occasionally  originates  in  a recurrent  diarrhoea, 
which  gradually  assumes  more  and  more  of  a dysenteric  character. 

In  whatsoever  way  it  originates,  a looseness,  accompanied  with  more 
or  less  colic  and  straining,  is  characteristic  of  the  malady.  There  are 
periods  of  quiescence  when  the  motions  are  health}^  or  comparatively  so. 
These  are  succeeded  by  exacerbations,  during  which  the  calls  to  stool  are 
frequent ; the  motions  are  wateiy  and  more  or  less  frequent,  mixed  with 
blood,  mucus,  or  pus,  or  with  all  three  at  once,  and  have  the  true  dysen- 
teric odour,  but  amoeka}  are  absent. 

When  this  condition  is  prolonged,  the  health  of  the  patient  deterior- 
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sites.  Ke  becomes  ivcak  siiul  aiuemic ; the  appetite  is  b<id,  ciipricious, 
or  ravenous,  ami  digestion  is  impaired,  as  is  manifested  by  flatulence 
and  uneasiness  sifter  mesds,  and  Isy  the  passage  of  undigested  food  with 
the  fajces.  ^ 

Stenosis  from  cicatricial  contraction  is  not  a common  secpiel,  and  is 
less  often  noted  now  thsin  formerly,  but  it  certsiinly  occurs,  and  in  thii'ty 
years’  experience  I have  seen  five  or  six  csises  where  it  wsis  present ; the 
sibdomen  becomes  tumid  sind  tender ; the  feeling  of  distension  is  dis- 
tressing; flatulent  eructations  and  psu-oxysmal  attacks  of  colic  occur; 
the  breath  acquires  a feculent  odour,  and  the  evacusitions  are  scanty  and 
voided  with  difficulty.  Towards  the  end,  the  pulse  fails,  the  tongue 
becomes  red  and  glazed,  vomiting  and  night-sweats  occur,  mdema  of  the 
feet  sets  in,  and  the  patient,  after  months  or  years  of  suffering,  dies  of 
exhaustion,  or  is  carried  off  bj’  some  intercurrent  disease. 

Di/senteric  DiurrJtrea.  — The  frequency  ivitli  which  d}'sentery  and 
diarrhoea  have  occurred  simultaneously  in  barracks,  among  men  living 
under  the  same  conditions,  gave  rise  long  ago  to  the  inference  that 
dysentery  may  run  its  course  as  a simple  diarrhoea.  This  inference  has 
been  confirmed  by  the  isolation  of  Flexner’s  bacillus  from  the  stools  of  an 
epidemic  intestinal  catarrh  recently  observed  in  West  Prussia,  which  later 
developed  the  symptoms  of  clinical  dysentery.  We  have  thus  to  recognise 
a dj'senteiic  diarrlima.  This  disease  is  most  prevalent  in  large  cities  in 
America  during  the  summer  months,  in  children  under  three  years  of  age, 
and  especially  in  those  brought  up  on  the  bottle.  It  is  most  common  in 
tlie  poorer  insanitary  quarters  of  a town,  and  is  not  infrequently  met  ivith 
in  hospitals  and  other  institutions  where  numbers  of  children  are  con- 
gregated. Although  it  is  rare  for  more  than  one  child  in  a household  to 
be  attacked,  several  instances  are  on  record  of  its  spread  in  institutions. 
It  occurs  as  an  acute  disease  of  sudden  onset  in  children  previously 
healthy ; or  more  insidiously  in  those  suffering  from  malnutrifion  and 
digestive  disturbances,  and  also  as  a terminal  infection  in  pneumonia, 
bronchitis,  measles,  scarlet  fever,  and  other  diseases. 

The  symptoms  in  the  milder  forms  are  those  of  a simple  diarrluea 
with  little  or  no  fever.  The  stools — from  four  to  ten  daily — are  yellowish 
or  green,  mixed  with  mucus,  sometimes  streaked  with  blood,  and  passed 
without  tenesmus  worth  mentioning.  Clinically,  it  is  a diarrhma,  its 
relation  to  dysentery  being  indicated  only  liy  the  presence  in  the  stools 
of  Flexner’s,  occasionally  of  Shiga’s  bacillus. 

The  severer  forms  present  more  of  a dysenteric  character,  the  stools 
being  somewhat  more  numerous,  but  seldom  exceeding  ten  to  twenty  in 
twenty-four  hours.  They  are  thin  or  watery,  yellow,  green,  or  brown  in 
colour,  contain  mucus  and  generally  streaks  of  blood,  and  are  passed  ivith 
fl  more  or  less  griping  and  tenesmus.  When  the  disease  occurs  in  a ])re- 
1 viously  healtliy  child  it  often  begins  with  vomiting  and  fever.  The 

■ temperature  ranges  from  99°  to  104°  F.  Tympanites,  restlessness,  emacia- 

■ tion,  prostration,  and  coldness  of  the  extremities  appear  during  the  course 

* of  the  disease  in  its  graver  forms.  Death  occurs  most  frequently  within 
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the  first  ten  days,  but  many  cases  run  a course  of  several  weeks,  and 
recover  gradually  or  succumb  to  exhaustion  or  some  intercurrent 
disease. 

A severe  epidemic  form  of  infantile  dysenteiy,  met  with  in  Japan,  has 
been  described  under  the  name  of  Elciri.”  It  begins  with  a violent  fever 
and  dysenteric  stools,  without  tenesmus,  and  often  terminates  with  cere- 
bral symptoms.  The  case-mortality  is  30  to  50  per  cent.  It  seems  to 
be  caused  by  a special  bacillus.  \ 

Modi/icd  and  Complicated  Dysentery  — Malarious  Dysentery. — When  ; 
associatetl  Avith  mild  malaria  the  oidy  peculiarity  to  be  observed  in  most  \ 
cases  of  dysentery  is  an  evening  rise  of  temperature  of  from  1°  to  3°  F.  j 
When  occurring  in  a patient  who  is  labouring  under  an  intense  malarial  ' 
infection,  dysentery  usually  assumes  an  aggravated  type,  afteeting  pi’in-  j 
cipally  the  cfecum  and  ascending  colon,  and  tending  to  pi-ostration  and  | 
algidity.  AVhen  algidity  is  early  and  marked  the  malarial  clement  is  ' 
almost  always  predominant.  A form  of  dysentery  attacked  the  fever- 
stricken  troops  in  Mauritius  in  18G6-G7,  after  they  had  been  removed  to 
a non-malarious  island  oft’  the  coast.  PoAver,  avIio  described  it,  says, 

“ The  stools  Avere  a smoky,  dark  fluid,  consisting  of  disintegrated  blood 
and  Avater.  No  sloughs  until  some  time  after  the  commencement  of  the 
disease,  and  not  necessarily  then.  There  Avas  no  trace  of  feculent  or, 
indeed,  of  any  solid  matter.  There  AA^as  great  depression  AAuth  a tendency 
to  coldness  of  the  body,  but  the  mind  remained  quite  clear.  After  death 
either  total  sloughing  of  the  internal  coats  of  the  large  intestine  or  merely  l 
a prominent  state  of  all  the  glands  \A’’as  observed.”  ^ 

Yet  another  condition  has  been  observed  associated  Avith  malaria,  in  I 
A\diich  the  patient  is  free  from  intestinal  symptoms  during  the  apyrexial  j, 
intervals,  Avhile  during  the  febrile  paroxysms  he  passes  large  quantities  of  | 
liquid  blood,  pure  or  mixed  Avith  faeces.  In  some  instances  this  magma  S 
of  blood  and  fieces  Avas  observed  by  B6renger-F6raud  to  amount  to  three  ' 
litres  in  tAvo  hours. 

Scm-hutic  Dysentery  is  chiefly  marked  by  its  insidious  onset,  its 
dangerous  character,  and  by  the  large  amount  of  sanguineous  fluid,  mixed 
Avith  mucus,  shreds,  and  sometimes  sloughs  passed  in  the  stools,  Avhich 
retain  their  feculent  character.  The  outbreak  at  the  Millbank  Peniten- 
tiary Avas  of  this  kind. 

Dysentery  Avhen  associated  AAuth  typhus  often  assumes  a malignant 
character,  and  is  extremely  infectious.  Relapsing  and  enteric  fevers  are 
often  associated  Avith  the  dysentery  of  Avar  and  famine. 

The  Carihi  sickness  of  Guiana,  knoAvn  as  el  Bicho  in  Brazil,  the  mal  de 
valle  in  Ecuador,  Bischeo  in  Trinidad,  Avhich  is  probably  similar  to,  if 
not  identical  Avith,  the  epidemic  gangrenous  proctitis  of  Fiji,  appears 
from  time  to  time  in  destructive  epidemics.  Haitle  describes  the  Bischeo 
of  Trinidad  as  “ushered  in  by  pyrexia  and  the  most  malignant  con- 
comitant symptoms  of  the  malady,  by  profuse  hremorrhage  from  the 
boAvels  and  extreme  relaxation  of  the  sphincter  ani.  In  sonuT of  the  cases 
the  tenesmus  Avas  distressing,  in  others  there  A\^as  no  pain  Avhatever ; yet 
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in  all  the  l>louil  was  constantly  streaming  from  the  rectum,  while  the  aims 
was  extremely  dilated.” 

Arthritic  bysenterii. — In  some  outbreaks  of  dysentery,  as  that  at  Caen  in 
17()5,  at  Bloomtield  in  Ohio  in  1851,  in  Norway  in  1859,  and  at  Dolieritz 
in  Germany  in  1901,  arthritis  is  a rather  frequent  concomitant  or  se(|uel 
of  dysentery.  The  large  joints  are  affected,  especially  the  knee,  ankle, 
and  hip.  The  heart  is  seldom  involved,  and,  as  a rule,  the  disease,  although 
tedious,  is  not  dangerous.  Those  who  are  hereditarily  dis])Osed  to  rheuma- 
tism, or  who  have  already  suffered  from  it,  are  not  more  liable  than  others 
to  be  thus  affected. 

Septic  (Hid  Fi/ivmic  Complications. — The  absolution  of  noxious  matters 
from  the  bowel  occasionally  jiroduces  in  dysenteric  patients  nervous 
prostration,  sleepiness,  and  low  delirium.  The  tongue  is  black,  the  pulse 
feeble  and  fast,  and  the  patient  dies  of  septic  intoxication.  Pya'inic 
symptoms,  with  recurring  chills,  parotitis,  diffuse  abscesses,  or  peritonitis, 
are  also  occasionally  met  with. 

Liver  Complications. — Mild  cases  of  dysentery  everywhere,  and  e^■en 
severe  cases  in  temperate  climates,  generally  rim  their  course  without 
any  appreciable  sign  of  liver  complication.  In  the  majority  of 
severe  cases  in  tropical  climates,  however,  whether  terminating  favour- 
ably or  fatally,  this  organ  is  more  or  less  implicated.  In  a certain 
number  of  cases,  signs  of  liver  trouble  precede,  by  some  time,  the 
intestinal  disorder ; in  other  instances  the  liver  and  bowel  are 
simultaneously  affected,  congestion  of  the  liver  declaring  itself  during 
the  progress  of  the  dysentery,  and  frequently  enough  after  a rather 
sudden  diminution  in  the  number  of  the  stools.  Pain  or  a sense  of 
weight  in  the  right  hypochondrium,  increased  on  deep  pressure,  accom- 
panied or  not  by  a slight  rise  of  temperature,  a slight  enlargement  of  the 
organ,  with  nausea  or  vomiting,  and  occasionally  a certain  degree  of 
jaundice,  mark  the  presence  of  a congestive  liver  complication.  When 
these  symptoms  are  followed  by  a rigor,  or  accompanied  by  a distinct 
increase  of  fever  and  hepatic  symptoms,  the  formation  of  an  abscess  may 
be  suspected,  Init  this  termination  is  comparatively  rare  in  bacterial 
dysentery,  although  it  does  undoubtedly  occur. 

Ile.lapses  and  Seiptels. — Relapses  are  prone  to  occur  after  exj^osure  to 
cold  and  indiscretions  in  diet  up  to  ten  Aveeks,  or  even  moie,  after  con- 
valescence, and  are  more  commonly  observed  in  persons  enfeebled  by  the 
abuse  of  alcohol.  The  bacillus  of  dysentery  reappears  in  the  stools  during 
the  relapse. 

Sequels  are  seldom  observed  after  mild  seizures.  After  more  sevei'e 
attacks  paralysis  of  the  lower  extremities,  of  the  sphincter  ani,  or  of  the 
•j  bladder  have  been  observed.  Troubles  of  digestion,  hepatic  disorders, 

■ haemorrhoids,  prolajisus  ani,  irritation  of  the  bladder,  cystitis,  nephritis, 
and  oedema  of  the  legs  may  also  be  reckoned  amongst  the  sequels  of  the 
1 disease — disorders  of  the  digestive  functions  being  the  most  common. 

Diagnosis  and  Prognosis — A careful  study  of  the  .symptoms  of  the 
disease,  along  Avith  an  inspection  of  the  stools  and  an  examination  of  the 
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ulxlomen  (which  should  never  be  omitted),  will  suffice  to  guide  the  prac- 
titioner to  a correct  diagnosis.  In  doubtful  cases  the  bacillus  may  be 
isolated  from  the  stools  in  the  earlier  stages  of  the  disease.  The  agglu- 
tination test  is  generally  negative  for  the  first  six  or  seven  days,  but  it 
may  be  resorted  to  with  advantage  in  order  to  distinguish  the  bacterial 
from  the  amoebic  form  of  the  disease.  The  2)rogmsis  must  depend  partly 
upon  the  nature  of  the  epidemic  ; upon  the  prevailing  type  of  the  disease  ; 
the  character  of  the  stools,  their  frequency,  the  presence  or  absence  of 
sloughs  or  of  a gangrenous  odour ; upon  the  presence  and  degree  of 
fever;  upon  the  site  and  extent  of  the  process,  the  danger  being  greater 
when  the  disease  is  seated  in  the  cjecum  and  ascending  colon,  and  still 
more  so  when  the  whole  of  the  intestine  is  invaded,  and,  finally,  upon 
the  extent  to  which  the  constitution  is  affected  by  the  local  disease. 
Hiccup  occurring  in  the  later  stages,  great  nervous  prostration,  low 
delirium,  a decrease  of  the  tormina,  accompanied  b}^  increasing  debility, 
inflation  of  the  abdomen,  and  algidity  are  all  of  evil  import. 

The  prophylaxis  of  dysentery  must  be  deduced  from  its  etiology. 
The  resident,  in  countries  where  the  disease  is  endemic  or  epidemic, 
should  see  that  the  soil  in  the  neighbourhood  of  his  dwelling  is  maintained 
free  from  fecal  pollution.  The  purity  of  the  water-supply  should  be  cai'e- 
fully  looked  after,  and  if  there  be  the  slightest  reason  for  suspicion  on 
this  point  the  water  should  always  be  boiled  before  use.  This  precaution 
should  never  be  neglected  by  travellers  in  tropical  regions,  where  all 
water  should  be  looked  upon  as  suspect,  and  treated  accordingly.  Above 
all,  surface-water  should  be  avoided.  Food  should  also  be  of  good  quality, 
well  cooked,  and  e.xcess  and  defect  alike  avoided.  The  use  of  uncooked 
vegetables,  fruits,  and  salads,  even  when  washed,  is  not  free  from  danger 
in  countries  where  dysentery  prevaiLs.  Alcoholic  stimulants,  if  used  at 
all,  should  be  taken  in  strictest  moderation.  Diari-hoea  and  constipation 
alike  should  be  guarded  against.  Wet  and  cold,  especially  after  ex- 
posure to  the  tropical  sun  and  great  fatigue,  must  be  avoided  as  far  as 
practicable.  When  the  clothes  get  wet,  whether  by  perspiration  or 
rain,  they  should  be  changed  as  soon  as  possible.  The  cummerbund 
or  abdominal  belt  of  flannel  should  be  used  in  the  tropics.  Dysenteric 
stools  must  be  disinfected  and  disposed  of  by  covering  them  deeply 
with  earth  at  a distance  from  the  dwelling.  In  camps  they  should  he 
disinfected  immediately  and  then  disposed  of  by  cremation.  Bed-pans, 
commodes,  enema  syiinges,  and  bedding  should  bo  thoroughly  disinfected. 
Redoubled  attention  to  these  precautions  is  to  be  enforced  when  the 
disease  is  epidemic.  The  prophylaxis  of  famine  d3'^sentery  is  largely  a 
matter  of  state  policy  ; that  of  war  demands  the  prevention  and  avoidance 
of  the  remoter  causes  of  the  disease.  The  Japanese  ascribe  their  com- 
parative exemption  from  dysentery  during  the  Russian  war  to  their  prac- 
tice of  sending  on  in  advance  sanitaiy  officers  to  test  the  purity  of  the 
water  in  the  country  to  be  traversed,  and  to  indicate  the  sources  that 
could  be  safely  used  by  the  troops.  Prophylactic  serums  appear  likely 
to  be  of  very  limited  application  (cf.  p.  .324). 


DYSENTENY 


5'7 


Treatment. — Kxponeiicc  teaches  that  one  kind  of  treatment  does  not 
answer  in  all  forms  of  dysentery,  noi-  will  one  drug  suit  all  stages  of 
the  disease.  Dr.  Clouston,  in  an  outbreak  of  dysentery  occurring  in 
the  Cumberland  Asylum,  tried  the  ipeeacuaidia  treatment  in  every 
possible  way — by  month  and  rectum,  in  doses  from  ten  grains  to  a 
drachm,  alone  and  in  combination  with  opium — without  success.  In  the 
malarious  dy.sentery  mentioned  above,  which  attacked  the  troops  in 
Mauritius  in  1866-67,  ipecacuanha  was  not  of  the  slightest  use  ; but  the 
disease  seemed  to  yield  to  large  doses  of  the  tincture  of  the  ])eichloride 
of  iron.  The  form  of  dysentery  that  attacked  the  inmates  of  I\lillbank 
Penitentiary  in  1823-24  resisted  blisters,  bleeding,  fomentatioi^s,  uiid  the 
train  of  astringents,  bitters,  aromatics,  and  ipecacuanha  that  were  tried  in 
succession.  The  one  remedy  that  proved  of  real  value  was  merciuy,  in 
the  form  of  grey  powder  or  calomel,  Avhich,  as  Latham  says,  was  given  at 
first  with  the  greatest  aioprehension  after  all  other  medical  expedients 
had  failed.  In  some  cases  in  which  the  tormina  and  tenesmus  were 
extreme,  and  the  evacuations  extremely  frecpient  and  oomsisting 
entirely  of  blood  or  juorbid  secretions,  fifteen  grains  of  calomel  and  Dvo 
grains  of  opium  were  given,  and  aftbrded  marked  relief.  IMayne  also 
states  that  he  and  his  colleagues  found  mercury  to  be  “ the  ]jrincipal 
remedy  ” in  the  d3'sentery  which  prevailed  in  the  South  Did)lin  Union 
Workhouse  in  1848-49.  This  is  what  one  would  scarcely  have  expected 
in  famine  dysenterj".  Among  more  recent  authorities.  Trousseau  and 
Berenger-Feraud — the  experience  of  the  former  being  limited  to 
France,  that  of  the  latter  to  the  French  tropical  colonies — attest  the 
value  of  mercurials  in  some  of  the  severe  forms  of  the  disease. 
Niemeyer  considers  the  administration  every  two  hours  of  one  grain 
of  calomel,  with  quarter  of  a grain  of  opium,  to  be  the  “most  trust- 
worthy treatment”  iti  the  higher  grades  of  dysentery.  Scheulie, 

• from  his  experience  in  Japan,  recommends  calomel  in  doses  of 
41, -7i  giains  every  four  to  six  hours,  "with  castor  oil  to  obviate  con- 
•stipation.  On  an  average  he  found  45  to  60  grains  sufficient  to  efiect  a 
cure.  Plehn  also  prefers  calomel  in  the  dysentery  of  AVest  Africa,  but 
■ gives  it  in  doses  of  i grain  hourly  by  day  only  for  three  da3"s,  pre- 
' venting  constipation  by  castor  oil  or  by  enemas  of  salic3dic  acid,  and 
obviating  salivation  by  gargles  of  rhatany.  After  three  days  of  calomel 
treatment  he  resorts  to  bismuth.  I have  given  these  experiences  some- 
what in  detail,  becau.se  I am  about  to  recommend  a different  treatment, 
■Avarranted  by  niA’^  OAvn  experience  and  that  of  others  in  tropical  counti'ics. 
» Rut  if  it  be  true,  as  I belieA'e  it  to  be,  that  more  than  one  moiLid  state  is 
!)  included  under'  the  name  of  dysenter3^,  we  shall  be  pi’cpai'ed  to  find  that 
< the  treatment  adapted  to  one  form  or  stage  may  not  be  useful  in  another', 
'ij  'I’he  physician,  ther-efore,  shorrld  not  allow  doctrinal  prejudices  to  preverrt 
It  him  from  having  resor't  to  remedies  which  have  been  found  life-saving  in 
J certairr  for'ms  of  the  malady. 

The  chief  point,  however-,  in  all  for'ms  of  dysentery  alike  is  the 
S hygienic  and  dietetic  treatment,  and  many  of  the  milder  cases  yield  to 
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tliis  alone.  Rest  in  this  disease  is  an  important  curative  agent.  The 
patient  should  be  put  to  bed  at  once.  The  room  should,  for  obvious 
reasons,  be  well  aired  and  free  from  draughts. 

In  many  cases  the  patient  will  feel  relief  from  the  application  of 
a linseed-meal  poultice,  large  enough  to  cover  the  whole  abdomen,  both 
belly  and  sides,  and  changed  before — not  after — it  begins  to  get  cold  ; 
care  must  lie  taken  that  the  patient  is  not  exposed  to  chill,  and  that  the 
lied-clothes  are  protected  from  damp.  If  there  be  considerable  gastric 
ii'ritation,  a sinapism  or  spongio-piline  jilaccd  in  hot  water  and  sprinkled 
with  tui'i»entine  will  be  of  service.  Cases  occur  in  tropical  countries 
in  which  the  patient,  suffering  from  fever  and  drenched  in  perspiration, 
finds  poultices  add  to  his  sufferings ; in  such  circumstances  they  are  to 
be  avoided.  A warm  bath  given,  with  due  precautions,  at  the  ver}’- 
beginning  of  the  disease  is  often  useful.  As  the  anus  is  apt  to  become 
excoriated,  it  should  be  washed  after  each  stool  with  tepid  water 
containing  some  disinfectant.  Ford  recommends  the  application  of  an 
ointment  containing  tannic  acid  4 per  cent  and  cocaine  o per  cent.  A 
warmed  bed-]ian  should  be  used,  to  prevent  the  patient  getting  out 
of  bed. 

The  dk'(  is  an  all-important  point  in  a disease  in  which  the  aliment- 
ary canal  itself  is  affected.  In  most  instances  the  patient  should  be 
restricted  to  a milk  diet.  Condensed  milk  will  answer  if  perfectly 
fresh  milk  of  good  quality  cannot  be  obtained.  Milk  diet  is  as  advan- 
tageous in  the  chronic  as  in  the  acute  stage,  and  is  specially  valuable 
when  there  is  a scorbutic  tendency.  The  milk  may  be  given  pure  or 
diluted  with  lime-Avater,  and  is  administered  in  the  intervals  between 
the  doses  of  medicine.  Foi-  the  first  feAv  days,  iinless  the  patient  be 
in  a low  state,  he  should  not  be  urged  to  take  nourishment  oftener  or 
more  largel}’^  than  he  desires ; and  in  all  cases  the  needs  and  feelings 
of  the  individual  should  receive  due  consideration.  When  pure  milk  is 
not  Avell  supported  it  should  l)e  given  AAuth  full  doses  of  pepsin ; or 
peptonised  milk  may  be  substituted.  While,  in  most  cases,  milk  is  the 
best  diet  for  the  dysenteric  patient,  it  is  not  ahvays  obtainable,  and 
occasionally  it  is  not  well  borne  in  any  form  by  the  patient.  In  these 
e.xceptional  cases  barley-water,  albumin-water,  chicken-  or  beef-tea  may 
be  substituted.  When  prostration  is  great  and  the  heart’s  action  failing, 
Avine,  l)randy,  ammonia,  and  cardiac  tonics  are  indicated.  Dining  con- 
Anlescence,  chicken -broth,  an-OAvioot,  and  Avell-boiled  rice  should  be 
continued  for  some  time,  and  a return  to  solid  food  cautiously 
made. 

In  severe  cases  of  tropical  dysentery,  Avhere  not  contra-indicated,  the 
ipmicuanha  treatment  should  be  adopted ; and  I believe  that  this 
treatment  is  also  the  best  for  the  catarrhal  stage  of  the  ordinary  ejiidemic 
dysentery  of  temperate  climates.  It  seldom  fails  Avhen  given  from  the 
onset  of  the  malady.  When  the  attack  has  been  preceded  Iaa’  con- 
stipation, a jAreliminary  dose  of  sulphate  of  sodium,  castor  oil,  or  calomel, 
to  carry  off  fmcal  accumulations,  and  if  there  are  Avonns  a dose  of 
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santonin,  should  be  given.  If  there  is  no  reason  to  suspect  tliese 
conditions,  ’20  to  40  grains  of  ipecacuanha  powder  made  into  a bolus 
should  be  given  at  once,  and  the  dose  repeated  every  six,  eight,  or  twelve 
hours,  according  to  the  urgency  of  the  symptoms  and  the  tolerance  of 
the  remedy,  until  a feculent  motion  is  obtained.  If  the  first  dose  cause 
vomiting,  this  will  do  good  rather  than  harm  ; but  the  second  dose 
should  be  preceded  by  a sinapism  placed  over  tlie  pit  of  the  stomach, 
and  20  to  30  drops  of  laudanum  (for  an  adult  patient)  shoidd  l>e 
given  tAventy  minutes  to  half  an  hoitr  before  the  second  dose,  and  no 
li(piid  should  be  taken  for  two  hours  before  the  bolus  is  administeied. 
A\  ith  these  precautions,  the  second  dose  is  seldom  rejected.  It  is  better, 
as  a rule,  to  rely  upon  the  ipecacuanha  alone ; but  Avhen  the  tormina 
are  very  distressing  and  the  calls  to  stool  excessivelj-  frecjuent,  from 
10  to  lb  minims  of  laudanum  may  advantageously  be  added  to  each 
bolus.  If  combined  Avith  laudanum,  fuller  doses  of  ipecacuanha  are  to 
be  given.  The  intervals  betAA^een  the  doses  should  l)e  utilised  for  the 
administration  of  7iourishment.  Given  in  this  Avay,  the  ding  causes 
more  or  less  nausea,  but  seldom  gives  rise  to  troublesome  vomiting. 
JShould  the  ipecaciianha  be  retained  for  an  hour  its  therapeutic  effect 
Avill  be  secured.  There  is  no  use  in  reducing  the  dose  in  older  to 
pr  eA'ent  vomiting.  I have  seen  drachm  doses  retained  Avhere  ten-grain 

doses  Avei'e  rejected.  The  Brazilian  method  of  administration  is  to  pour 
six  ounces  of  boiling  AA’ater  on  a drachm  of  coarsely  poAvdered  ipecacu- 
anha, and  at  the  end  of  tAA^elve  hours  to  strain  off'  the  liquid,  Avhich  is 
to  be  administered  to  the  patient  in  one  draught  or  in  smaller  quantities 
at  intei'vals  of  tAvo  hours.  The  poAvder  remaining  from  the  first  infusion 
is  to  be  treated  again  in  the  same  Avay,  and  the  liquid  administered  as 
before  ; and  .so  for  a third  time.  The  process  then  is  to  be  liegun  aricAv 
with  fresh  powder  in  the  same  or  smaller  quantity.  Various  modifica- 
tions of  this  plan  are  in  use.  This  method,  Avhich  is  that  practised  by 
Bison,  ansAvers  Avell,  but  is  more  apt  to  cause  vomiting  than  the  one 
recommended. 

The  first  sign  of  improvement  is  the  pas.sage  of  a fecident  stool, 
Avhich  is  followed  by  a decrease  of  the  tormina  and  tenesmus.  The  treat- 
ment as  directed  should  be  maintained  for  some  time  after  signs  of 
improvement  have  appeared.  When  the  disease  has  assumed  the 
characters  of  a simple  diarrheea,  salicylate  of  bi.smuth,  alone  or  combined 
Avith  Dover’s  poAvder,  Avill  usually  prove  sufficient  to  check  the  looseness, 
if  careful  attention  be  paid  to  diet. 

De-emetinised  ipecacuanha,  first  recommended  l»y  Surgeon-Colonel 
Harris,  has  been  employed  of  late  years  in  the  treatment  of  dysentery 
n in  doses  of  20  to  30  grains.  It  is  not  Avithout  value,  but  there  is 
' a faiidy  general  consensus  of  expeiience  to  the  effect  that  it  is  much 
inferior  to  the  ordinary  drug.  The  nauseating,  and  even  the  emetic 
properties  of  ipecacuanha,  however  disagreeable,  ai’e,  within  limitii,  benc- 
! ficial  in  healthy  subjects.  The\’  haA'^e  a sedatiA'^e  effect  on  the  circulation, 

I inci'CHsi'  the  ffoAv  of  bile,  and  detei'inine  a free  action  of  the  skin,  Avith 
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cousecjueut  relief  to  the  portal  system,  which  materially  contributes  to 
the  cure,  es{)ecially  in  acute  cases  with  fever  or  congestion  of  the  liver. 
When  distressing  dysuria  does  not  yield  to  a warm  bath,  or  Avhen  there 
is  extreme  pain  and  restlessness,  a hypodermic  injection  of  morphine  may 
be  iriven.  When  the  disease  has  been  confined  to  the  lower  bowel,  and 
is  still  at  an  early  stage  and  attended  with  severe  tenesmus,  1 have 
occasionally  tried  local  depletion  l>y  means  of  leeches  with  apparent 
advantage,  but,  besides  being  a somewhat  troublesome  remedy,  the  bites 
are  apt  to  become  inflamed  by  the  discharges. 

This  treatment  by  large  doses  of  ipecacuanha  has  proved  so  success- 
ful that  it  should  not  on  light  grounds  be  set  aside  in  favour  of  any  other. 
There  is  abundant  evidence  that  it  succeeds  in  cases  in  which  other 
I'cmedies  fail.  It  is  coTitra-indicated  in  pregnancy,  in  very  delicate 
persons,  in  phthisical  patients,  in  children  of  tender  age  (although  they 
often  bear  it  well),  and  there  are  some  who  cannot  tolerate  it.  In  mild 
cases,  again,  it  is  unnecessary  to  subject  the  patient  to  the  ipecacuanha 
treatment.  When,  for  any  cause,  this  drug  is  inadmissible,  the  salmc, 
treatment,  so  successfully  used  in  France,  should  be  resorted  to.  The 
sulphate  of  sodium  is  the  salt  generally  employed,  and  is  given  in 
solution  in  doses  of  from  J-  to  1 oz.  in  the  morning.  Its  purgative 
action  commences  from  one  to  four  hours  after  ingestion,  ;ind  ceases  in 
ten  or  tAvelve  hours.  The  dose  should  then  be  repeated  unless  the 
urgent  need  for  rest  recpiire  delay.  It  was  remarked  by  Trousseau 
that  the  cure  is  the  more  certain  the  greater  the  number  of  the  evacua- 
tions ; still,  there  is  no  use  in  pushing  purgation  beyond  a reasonable 
limit;  and  half  an  ounce  of  the  salt,  four  times  daily,  will  generally 
suffice.  Ti'ousseau  observed,  too,  that  the  treatment  is  much  less 
successful  in  some  ei)idemics  than  in  others.  Major  Buchanan  recom- 
mends a drachm  of  sulphate  of  sodium  in  an  ounce  of  fennel  water  four, 
six,  or  eight  times  a da}'^  till  eveiy  ti'ace  of  blood  and  mucus  has  disap- 
peared. Of  So5  cases  treated  in  this  way  there  were  only  9 deaths — a 
mortality  of  little  ovei-  1 per  cent.  This  treatment  is  advocated  by  him 
for  acute  dysentery  only,  not  for  chronic  or  relapsing  cases  with  ulcei  ation 
of  the  colon.  It  would  be  a mistake,  however,  to  look  for  residts  at  all 
comparaI)le  to  those  obtained  in  the  jail  dysentery  of  India  from  this 
treatment  in  all  forms  of  dysentery.  The  epidemic  dysentery  of  France, 
mainly  treated  by  salines,  fui-nishes  a case-mortality,  as  we  have  seen,  vary- 
ing from  9 to  14'9  per  cent.  In  the  milder  foi  ms  of  the  disease  the  saline 
treatment  leaves  nothing  to  be  desired.  Experience,  so  far  as  it  goes,  is 
in  favour  of  attem])ting  to  produce  asepsis  of  the  intestinal  canal  I)y  the 
administration  of  antiseptic  remedies  by  the  mouth,  and  their  use  need 
not  interfere  with  the  treatment  either  by  ipecacuanha  or  salines. 
Benzo-naphthol  is  the  remedy  to  be  preferred  whenever  there  is  a 
suspicion  of  hepatic  or  renal  complication,  and  when  no  such  complication 
exists  it  is  as  effective  as  any  intestinal  antiseptic  at  present  in  use. 
Thirty  to  sixty  grains  may  be  given  during  the  twenty-four  hours,  in 
divided  doses  every  two,  three,  or  four  hours,  in  the  intervals  between 
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the  other  remedies.  ])eta-naphthol,  resorcin,  salol,  and  naphthalin  are 
also  used  for  the  same  purpose. 

Salines  act  as  intestinal  evacuants.  They  deplete  the  vessels  and 
•wash  ont,  so  to  speak,  the  intestinal  canal,  removing  the  microbes  and 
toxins  that  ma}'  be  present.  These  indications  can  also  be  cari'ied  ont 
by  the  use  of  enemas  as  adjuvants  to  other  remedies.  In  mild  cases 
resort  to  injections  is  nnnecessaiy.  The  diflicxdty  formei'l}'  experienced 
in  inducing  the  patient  sntlering  from  the  severe  forms  of  rectal  dysen- 
tery to  submit  to  repeated  introductions  of  the  injection -tube  is  now 
largely  obviated  by  the  preliminary  use  of  cocaine  suppositories,  but 
even  with  the  use  of  these,  injections  in  a considerable  number  of  ca.ses 
are  neither  tolerated  nor  retained.  When  the  upper  part  of  the  bowel 
is  the  seat  of  the  disease,  enemas,  to  be  of  any  use,  must  be  large,  and 
the  danger  of  distending  a deeply-ulcerated  bowel  in  a condition  aptly 
enough  described  by  the  old  Indian  practitioners  as  “ rotten  ” should  not 
be  overlooked,  although  experience  has  shewn  that  the  risk  is  much  less 
than  supposed.  Exi^erience  proves  that  in  severe  cases,  befoie  exten- 
sive disorganisation  of  the  bowel  has  taken  place,  large  enemas  are  often 
of  great  service.  Ford  recommends  normal  salt  solution  or  a 4 per 
cent  solution  of  sodium  bicarbonate  for  simple  lavage  of  the  rectum  and 
colon.  He  mentions  a case  in  which  the  bacillus  of  dysentery  fell  fiom 
Its  per  cent  of  all  organisms  present  in  the  stools  on  the  first  day  to  2’3 
per  cent  on  the  third  day,  under  the  use  of  enemas  of  normal  salt 
solution.  As  an  enema  in  acute  dysentery,  he  uses  olive  oil  alone,  or 
2 to  41  oz.  of  olive  oil  suspended  by  recent  agitation  in  2^  pints  of  milk. 
'I’he  fluid  is  to  be  introduced  ■slowly  through  a long  Avell-oiled  rectal  tube 
of  large  diameter,  from  a receptacle  not  more  than  three  feet  above  the 
patient’s  bed.  In  cases  in  which  hsemorrhages  occur  the  enema  should 
be  injected  cold,  but  for  routine  use  it  is  to  be  given  at  a temperature 
of  from  lOO"  to  102°  F.  Boracic  acid  injections  of  1^'  pints  or  more 
of  a solution  of  10  grains  to  the  ounce,  repeated  tAvo  or  three  times  a 
day,  were  foixnd  very  useful  by  Dr.  Lillie  in  South  Africa.  To  relieve 
tenesmus  1 to  2 drachms  of  bismuth  Avith  tinct.  opii.  npxxx.  in  tAvo 
ounces  of  starch  mucilage  may  be  injected. 

In  some  instances  in  Avhich  the  ipecacuanha  or  saline  treatment  has 
failed,  and  the  symptoms  become  more  and  more  aggravated,  threatening 
to  end  in  gangrene,  pills  containing  one  grain  of  calomel,  two  graitxs  of 
ipecacuanha,  and  a quarter  of  a grain  of  opium  have  proved  rrseful.  1'lie 
pills  should  be  repeated  every  hour  at  first,  until  five  or  six  have  been 
taken ; and  then  every  two  hours  during  the  day,  and  less  fi-equently  at 
night.  'Uhe  medicine  should  be  continued  until  an  improvement  in  the 
ji  stools  ap{)ears,  l>ut  should  not  l>e  carried  to  salivation.  When  the  stools 
^ have  changed,  ipecacuanha  is  to  be  resorted  to  again  in  order  to  complete 
ij  the  cure.  When  gangrene  has  actually  dcA'eloped,  mercury  is  contra- 
I indicated. 

When  dysenter}'^  is  complicated  Avith  malaria,  quinine  must  be  given 
by  mouth  or  hypodermically  in  addition  to  ipccacuaidia  or  salines.  In 
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a form  of  dysentery  alfccting  the  ca'ciim  and  ascending  colon — associated 
with  a malignant  type  of  malaria,  accompanied  by  great  prostration  and 
a tendency  to  collapse,  in  which  the  use  of  ipecacuanha  or  salines  was 
contra-indicated — moderate  purgative  doses  of  oil  of  turpentine  and  castor 
oil  seemed  to  me  of  service.  I have  also  resorted  to  turpentine  witli 
castor  oil  in  smaller,  repeated  doses,  as  a stimulant  and  antiseptic  in  the 
treatment  of  gangrenous  dysentery  when  ipecacuanha  had  failed,  and 
with  apparent  benefit  in  some  instances.  Ford  considers  oil  of  turpentine 
“ highly  serviceable  in  all  cases  of  bacillary  dysentery,  especially  in  those 
where  there  is  pronounced  tympanites  and  great  prostration.”  He  gives 
it  in  doses  of  from  one-fourth  to  one-half  gramme  every  two  hours. 
Turpentine  should  be  avoided  if  there  is  kidney  disease.  Should  algidity 
manifest  itself,  warm  applications  to  the  extremities,  stimulants  internally 
in  small  and  repeated  doses,  and  subcutaneous  injections  of  ether  are 
indicated. 

In  the  hiemorrhagic  form  associated  with  malaria,  which  has  seldom 
any  relation  to  true  dysentery,  quinine  and  the  tincture  of  the  pcr- 
chloride  of  iron  should  be  given.  Matico  infusion  by  mouth  and  rectum 
was  found  serviceable  in  the  malignant  haemorrhagic  dy.sentery  occurring 
in  Trinidad,  already  mentioned  under  the  name  “ Bischeo,”  or  epidemic 
gangrenous  proctitis  ; and  injections  of  lime  juice  have  also  been  emj)loyed 
with  advantage.  The  \-alue  of  ergotin  in  hyjjodermic  injection  should 
not  be  overlooked  if  there  be  reason  to  suppose  that  an  eroded  vessel  is 
the  source  of  the  haemorrhage.  Adrenalin  has  been  recommended,  but 
in  Ceylon  the  results  were  disappointing.  Applications  of  ice  to  the 
abdomen  and  injections  of  iced  water  may  also  be  tried  in  haemorrhagic 
cases.  In  the  scorbutic  form,  in  addition  to  the  regulation  of  the  diet — 
which  should  include  the  use  of  lemons,  limes,  oranges,  or  grapes — fresh 
bael  fruit  has  been  strongly  recommended.  Maclean  found  it  most 
useful  when  given  in  the  form  of  a sherbet.  ^Yhen  the  motions  in 
scorbutic  dysentery  contain  much  dark  and  liquid  blood,  15  to  30  minims, 
of  oil  of  turpentine  in  almond  emulsion  will  often  act  like  a charm. 
When  turpentine  is  contra-indicated,  a solution  of  one  of  the  astringent 
salts  of  iron  may  be  used.  There  is  a dysenteric  scorbutus  as  Avell  as  a 
scorbutic  dysentery,  the  drain  on  the  sy.stem  causing  scorbutic  .spots.  In 
this  form  the  primary  indication  is  to  stop  the  drain.  Arthritis  appear- 
ing in  the  course  of  dysentery  demands  only  the  use  of  local  applications. 
When  symptoms  of  hepatic  congestion  appear  in  the  early  stages  of 
tropical  dysentery,  as  they  frequently  do,  our  aim  ought  to  be  to  deal- 
the  large  intestine  of  infective  organisms  by  a purgative  or  by  mild 
antiseptic  irrigations  of  the  bowel ; but  this  com]dication  should  in  no 
way  be  allowed  to  interfere  with  the  administration  of  ipecacuanha, 
which  acts  favourably  on  liver  and  bowels  alike.  Among  the  numerous 
remedies  employed  in  acute  dysentery,  it  will  suffice  to  mention  cinnamon 
in  drachm  doses,  three  or  four  times  daily ; sulphur,  half  a drachm  to  a 
drachm  three  times  daily,  alone  or  with  5 grains  of  Dover’s  powder; 
tincUire  of  Monsonia  ovata  (2^-  oz.  of  the  drie(f  plant  to  a. pint  of  rectified 
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spirit)  in  closes  u[>  to  halt  an  onnco  in  water ; creosote  in  doses  of  two 
drops  in  mucilage  every  two  hours. 

In  the  d}'senteric  diarrha'a  of  children,  the  question  of  feeding  is  of 
primary  importance.  There  is  no  advantage  in  putting  either  a hreast- 
or  hottle-fed  infant  on  other  food  if  there  be  no  vomiting  and  the  milk 
he  well  digested.  In  the  case  of  bottle-fed  children,  the  purity  of  the 
milk  and  its  dilution  in  relation  to  the  age  of  the  patient  has  to  be  con- 
sidered. A\  hen  milk  disagrees,  barley-water,  water  from  toasted  oatmeal, 
chicken-  or  beef-tea,  albumin-water,  or  some  other  suitable  substitute  must 
be  selected  and  its  effects  watched.  In  the  more  protracted  cases,  lean 
raw  meat,  very  finely  minced,  may  be  given  in  one  or  two  teaspoonful 
doses  at  a time,  and  four  times  daily  or  oftener. 

A dose  of  castor  oil  should  be  given  at  once  to  clear  out  the  bowels, 
and  repeated  in  smaller  doses,  in  the  form  of  enndsion,  once  or  twice  a 
day  to  kec])  them  freely  open.  In  a few  days  the  character  of  the 
motions  will  change,  and  salicylate  of  bismuth,  1 to  3 grains  every  four 
hours,  will  restrain  the  remaining  looseness.  In  some  cases  alterative 
doses  of  calomel  or  grey  powder  are  of  service,  ^^dlen  these  measures 
fail,  teaspoonful  doses  of  a solution  of  ])erchloride  of  mercury  (y-]^  to 
y iyy  grain),  first  hourly,  then  at  longer  intervals,  will  often  effect  a lapid 
impi'ovemcnt.  When  the  lower  bowel  is  chiefly  aficcted,  it  mav  be 
I washed  out  from  time  to  time  with  some  mild  antiseptic  injection. 

A.  1). 

j I'd ri‘i nation  and  Senm-therapy. — Shiga  produced  antidysenteric  serum 

I in  the  horse  by  inoculating  cultures  of  the  dysenteiy^  bacillus.  This  serum 
I was  used  successfully  in  the  treatment  of  the  endemic  dysentery  of  Japan. 

1 It  should  be  admini.stcred  early  in  the  attack,  as  its  beneficial  effects  are 
i less  evident  at  later  periods.  The  mortality  of  the  Japanese  disease 
I during  the  epidemic  of  1898-99  was  from  28‘5  to  37'9  per  cent  in  cases 
i treated  in  the  ordinary  way,  and  from  8 per  cent  to  1 2 per  cent  in  cases 
treated  with  the  serum.  I have  employed  an  antidysenteric  serum  from 
the  horse  in  the  treatment  of  adults  and  of  children,  the  latter  suffering 
froju  the  diarrhoeal  diseases  of  the  warm  summer  months.  The  adult 
cases  apj)eared  to  be  benefited,  since  the  attack  was  brought  to  an  abrupt 
termination  ; but  the  number  of  cases  treated  was  small  and  the  epidemic 
relatively  mild  in  type.  In  the  children  no  definitely  beneficial  result 
Avas  obtained.  In  the  latter  the  .sei-um  Avas,  hoAvever,  often  employed 
late  in  the  course  of  the  disease.  Kruse  has  also  repoi-ted  favouralJy 
upon  the  use  of  an  antidysenteric  senim.  Our  piesent  knoAvledgc  justi- 
fies the  employment  of  the  serum  in  acute  bacillary  dy.sentery,  and  if  the 
injections  be  made  Avithin  the  first  tAvo  or  three  days  of  the  disease, 
beneficial  effects  may  be  expected.  The  use  of  the  serum  later,  after 
severe  le.sions  of  the  intestinal  Avail  have  been  produced,  is,  apparently, 
of  far  le.ss  value.  A final  opinion  on  the  value  of  the  serum  treatment 
of  dysentery  bacilli  diarrha^as  of  children  cannot  be  given  at  this  time. 

Vaccination  of  small  animals  Avith  attenuated  a)id  dead  cultures  of 
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dysentery  bacillus  is  followed  by  an  active  irmnunity,  which  in  the  guinea- 
pig  persists  for  many  weeks.  No  doubt  a similar  method  of  vaccination 
is  applicable  to  man.  The  use,  howevei’,  of  dead  cultures  alone  is  not 
advi.sable,  Ijecause  of  the  painful  local  reaction  set  iip.  The  bacilli  should 
either  be  modified  in  action  by  admi.xture  with  antidysenteric  serum,  or, 
possibly,  autolysed  products  of  the  bacilli  alone  be  employed,  since  l)y 
means  of  the  latter  a certain  degree  of  immunity  can  be  produced  in 
experimental  animals.  Protective  vaccination  in  man  with  the  dysentery 
bacillus  has  not  yet  been  placed  upon  a definite  experimental  foundation. 

S.  F. 

Treatment  of  Chronic  Djimdery. — Chronic  dysentery  occui-ring  in 
Euro])ean  residents  in  tropical  countries  demands  a change  to  a tem- 
perate climate.  Minute  directions  as  to  the  jorecautions  necessary  to 
avoid  or  mitigate  the  possible  dangei-s  of  such  a change  should  be  given. 
If  the  voj'age  has  to  be  undertaken  in  winter,  a short  sta)"  on  the  Kiviera 
may  be  advisable.  The  patient  should  wear- a flannel  belt  sufficiently 
wide  to  cover  the  whole  abdominal  region.  The  sea  voyage  itself  is  often 
beneficial  when  the  arrangements  on  Ijoard  for  invalids  are  good  ; and  a 
short  vo3mge  may  sometimes  be  recommended  with  advantage  in  the  case 
of  those  who  cannot  afford  the  time  and  expense  involved  by  a prolonged 
stay  in  Europe.  Warm  clothing,  avoidance  of  di'aughts,  careful  regula- 
tion of  diet,  and  change  to  a temperate  climate  should  be  looked  upon 
as  the  most  important  measures  in  the  treatment  of  this  disease. 

During  exacerbations,  the  diet  must  be  restricted  to  milk,  the  ])atient 
kept  in  bed,  and  the  treatment  adapted  to  the  acute  disease  em])loyed, 
modified,  however,  according  to  the  urgency  of  the  svmptoms.  During 
these  exacerbations  I have  used  an  infusion  of  100  grains  each  of 
ipecacuaidia  and  simaruba,  and  200  of  cinnamon  in  10  ounces  of  water, 
giving  half  an  ounce  to  1 ounce  of  this  eveiy  four  or  six  hours.  The 
disease  is  a ])rotracted  one,  and  this  has  to  be  taken  into  account  in 
regulating  treatment,  diet,  and  exercise ; and  as  the  i)atient  is  weak, 
nourishing,  easily  digested  food  is  essential.  When  Avalking  is  unadvisablc 
or  impossible,  carriage  exercise  is  to  be  taken  as  frequently  as  the  weather 
and  state  of  the  patient  permit. 

The  whole  course  of  the  large  intestine  should  be  carefully  explored 
in  Older  to  detect  swelling,  hardness,  or  tendei'iiess.  From  a careful 
consideration  of  the  results  so  obtained,  and  of  the  character  of  the 
stools,  an  effort  should  be  made  to  arrive  at  an  estimate  of  the  existence 
and  sites  of  cicatrices,  ulcers,  and  congestion.  When  the  existence  of 
ulceration  is  infen-ed,  constipation  must  be  obviated  by  the  gentlest 
laxatives,  and  diarrhoea  checked  by  the  guarded  use  of  the  mildest 
astringents,  accompanied,  if  gastric  or  intestinal  fermentations  be  sus- 
pected, by  antiseptics.  When  cicatricial  contractions  in  the  lower  part 
of  the  bowel  interfere  Avith  its  evacuation,  emollient  and  antisejitic 
enemas  may  give  relief.  In  chronic  ulcei’ation,  especially  when  seated 
in  the  lower  }iart  of  the  bowel,  enemas  of  nitrate  of  silver  have  frequently 
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proved  beiicticial.  Sir  P.  Manson  recommends  them  of  a strength  of  from 
half  a grain  to  1 grain  per  oz.  of  distilled  water,  when  acute  symptoms 
have  disappeared.  Two  or  three  pints  of  this  solution  arc  to  he  injected 
after  the  howel  has  hcen  Avell  cleaned  out  hy  castor  oil  and  a large  enema 
of  tepid  water,  the  patient  being  encouraged  to  retain  the  injection  as 
long  as  possible.  The  injections  may  he  rejjeated  every  few  days,  if 
they  appear  to  do  good — not  otherwise.  Dr.  Sandwith  prefers  sulphate  of 
co])per,  1 to  l i grains  to  the  ounce,  from  his  experience  in  Egypt,  where, 
however,  the  disease  is  chiefly  of  the  amcehic  variety.  A wet  coni[)ress 
to  the  abdomen  is  not  only  grateful  to  the  patient,  but  often  has  a 
remedial  influence  on  the  congested  howel. 

Warm  baths,  gentle  laxatives,  massage  to  the  abdomen,  and  emollient, 
laxative,  and  antiseptic  enemas  must  be  our  chief  resort  in  those  hopeless 
cases  in  which  partial  stenosis  is  established.  It  is  remarkable  how  many 
apparently  hopeless  cases  do  improve,  how  some  even  recover  fair  health  ; 
but  while  this  should  encourage  us  not  to  des[iair,  the  distressing  help- 
lessness of  the  physician  in  presence  of  the  aggravated  forms  of  chronic 
dysentery  should  lead  us,  by  greater  attention  in  the  treatment  of  the 
primary  disorder,  to  render  the  chronic  form  of  less  and  less  frequent 
occurrence  Andrew  Davidson. 
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II.— Amcebic  Dysentery 


By  Andrew  David.son,  M.D.,  F.R.C.P.Ed. 

Section  on  Anueba  by  Simon  Flexner,  Jl.D. 

( Geographical  and  Topographical  Incidence.  — We  have  reports  of 
-sporadic  cases  of  amoebic  dysentery  of  indigenous  origin  from  8t.  retei'.s- 
' burg,  Konigsberg,  Kiel,  Hamburg,  Berlin,  and  other  toAvns  in  the  north 
of  Europe.  The  disease  has  not  been  recognised  in,  but  is,  perhaps,  not 
1 entirely  absent  from  England.  It  is  of  more  frequent  occurrence  in  the 
u central  and  .southern  regions  of  Europe,  Avithout,  however,  attaining  endemic 
s prevalence.  On  the  AVestern  Continent  isolated  cases  have  been  seen  by 
■ Dock  in  Michigan  and  by  Musser  in  Philadelphia,  and  they  become  moi-e 

I numerous  in  the  middle  and  southern  States.  Prof.  Osier  says  that 

II  amoebic  dysentery  is  the  commonest  variety  throughout  the  United  State.s, 
•-  the  cases  of  acute  and  chronic  dysentery  admitted  into  his  ivai'ds 
Ii  (Baltimore)  having  been  almost  exclusively  of  this  form. 

From  the  comparative  rarity  of  liver  abscess  in  some  of  the  West 
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India  Islands,  it  may  be  inferred  that  amoel)ic  dysentery  is  not  of  frequent 
occurrence.  Dr.  I).  INI.  Ross  says,  “ I Inu'e  never  seen  a case  of  hepatic 
abscess  follow  dysentery  contracted  in  Jamaica.”  This  agrees  with  earlier 
accounts.  In  Cuba,  Martinique,  and  some  of  the  other  ishuids,  amcebic 
dysentery  is  more  common.  In  British,  Dutch,  and  French  Guiana  it  is 
not  very  common,  but  is  the  prevailing  form  of  dysentery  in  Rio  de 
Janeiro  and  many  other  parts  of  Brazil,  and  in  the  north  of  Chile. 

Egypt  may  be  said  to  be  the  home  of  this  disease,  since,  from  all 
accounts,  it  is  the  form  of  dysentery  almost  exclusively  observed  there.  It 
is  not  so  certain,  however,  to  what  extent  it  prevails  as  a pure  infection. 
In  Algeria  and  Senegal,  although  less  common  than  in  Egypt,  it  is  frequent. 
No  part  of  tropical  Africa  with  which  we  are  acquainted  is  free  fi'om 
amcebic  dysentery,  but  in  the  ordinary  circumstances  of  life,  that  is,  apart 
from  military  expeditions,  it  does  not  appear  to  be  so  common  on  many 
parts  of  the  West  Coast  as  the  bacillary  kind.  In  the  island  of  Maiuitius 
it  is  endemic.  In  South  Africa  amoebic  dysentery  is,  upon  the  whole, 
rare.  Major  Beveridge  found  amoebte  in  three  cases  only  of  dysentery 
Avhich  he  examined.  It  is  also  rare  in  Ceylon,  Avhere  Castellani  found 
amoebae  twice  in  150  examinations  of  dj'^senteric  stools.  In  the  Upper 
Provinces  of  India,  according  to  Duncan,  the  disease  is  seldom  met  with, 
and  in  Calcutta,  where  it  is  more  prevalent,  the  bacillary  is  still  the 
common  form.  Amoebic  dysentery  exists  in  Siam,  Indo-China,  and  many 
parts  of  China  proper,  but  to  what  extent  is  uncertain.  It  is  very 
prevalent  in  the  Philippine  Islands,  where  it  has  been  the  scourge  of  the 
American  troops.  Strong  and  Musgrave  noted  76G  cases  of  bacillary 
dysentery  to  5G1  of  the  amoebic  form. 

Little  definite  is  known  respecting  the  chai’acter  of  the  localities 
where  amcebic  dysentery  prevails,  but  it  is  well  ascertained  that  local 
conditions  are  of  considerable  significance  for  its  endemicity.  Lafienr 
states  that  in  North  America  the  disease  has  been  observed  more  frequently 
in  districts  approaching  the  seaJevel,  the  shores  of  the  Chesapeake  Bay, 
the  Gulf  of  Mexico,  and  the  Mississippi  Valley.  In  India,  too,  it  appears 
to  be  more  common  on  the  coast-line  than  in  the  interior,  but,  according 
to  Fernando,  the  contrary  is  the  case  in  Ceylon,  where  the  hill  districts 
suffer  most.  The  remarkable  prevalence  of  the  disease  in  Egypt  is 
probably  connected  with  the  annual  inundations  of  the  Nile,  and  their 
effects  on  soil  and  water-supply.  It  may  be  safely  asserted  that  its 
prevalence  will  always  be  found  to  be  largely  determined  by  sanitation 
<and  water-supply. 

Sources  and  Vehicles  of  Infection. — Soil  and  water  are  the  natural 
and  common  liabitats  of  amcubfe.  In  warm  climates  they  abound  not 
only  in  surface  Avaters,  but  in  cisterns,  tanks,  and  in  the  pipe-Avater  of 
eastei’n  cities.  These  organisms  are,  in  fact,  so  constantly  and  abnndantly 
present  in  drinking  AA^ater  in  tropical  and  subtropical  countries  that  if  all, 
or  most,  of  the  amoebae  present  in  Avater  Avere  pathogenetic,  amoebic 
dysentery  should  be  everyAvhere  one  of  the  commonest  of  diseases.  The 
common  vehicle  of  infection  is  believed  to  be  drinkin"  Avater.  The 
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evulence  of  this  is  inferential.  Instances  have  been  recorded  in  which  it 
has  been  fouiul  that  patients  suflering  from  amoebic  dysentery  have 
derived  their  water  from  cisterns  swarming  with  amoeba?.  Musgrave 
observed  the  disease  to  spread  almost  epidemically  in  Manila  after  a 
Hood,  which  resulted  in  the  washing  out  of  cesspools  and  other  places 
where,  but  for  this  Hooding,  the  parasites  might  have  remained  harmless. 
The  almost  entire  absence  of  amoebic  dysentery  from  the  Indian  prisons 
is  another  reason  for  believing  that  drinking  water  is  an  important 
vehicle  of  infection.  Uncooked  vegetables  and  fruits  are,  pei  haps,  almost 
as  frequent  vehicles  of  the  infection  in  tropical  countries  as  Avater.  In 
some  parts  of  the  East  the  dangerous  practice  prevails  of  watering  garden 
vegetables  with  diluted  human  fseces,  Avhich,  as  Schaudinn  has  shewn,  may 
retain  powers  of  infection  for  at  least  four  weeks.  Musgrave  and  Clegg 
■ cultivated  an  ama'ba,  pathogenetic  to  animals,  from  a lettuce  that  had 
: already  been  Avashed  several  times  Avith  more  care  than  the  ordinary 
kitchen-maid  bestoAvs  on  the  cleansing  of  vegetables.  Sodrb  believes  that 
1 the  infection  is  often  conv'eyed  by  the  air;  and  the  great  resistance  to 
1 drought  exhibited  by  encysted  ammbie  leaves  little  doubt  that  amoeba) 
i must  be  fretjuently  carried  into  Avater  and  food  by  air  currents.  Fingers 
I or  utensils  soiled  Avith  substances  containing  encysted  parasites  must  also  be 
1 reckoned  among  the  vehicles  of  infection.  Dopter  reports  an  instance  in 
'Avhich  soldiers  Avho  had  never  been  out  of  France  contracted  amoebic 
(dysentery  after  living  in  a room  occupied  shortly  before  by  patients  Avith 
I the  olisease.  This  shews  the  danger  of  propagation  of  the  disease  in 
(temperate  climates  by  chronic  cases. 

Seasonal  Prevalenee. — Major  Rogers  failed  to  find  any  marked 
f seasonal  differences  in  the  admissions  for  amoebic  dysentery  in  Calcutta. 
ILafleur,  on  the  other  hand,  states  that  out  of  13  cases  observed  at 
1 Baltimore,  12  occurred  during  the  Avarm  season.  It  may  be  infeired  from 
(this  that  Avhen  the  temperature  of  the  year  is  fairly  uniform  the  disease 
(Avill  be  equally  distributed  over  the  different  seasons,  but  Avhen  there  is  a 
• Avell-marked  Avinter  and  summer  season  the  bulk  of  the  cases  Avill  fall  in 
(the  latter. 

There  is  some  evidence  that  the  prevalence  of  amoebic  dysentery 
I in  a country  varies  considerably  in  different  years.  Craig  observed  tliat, 
h'Avhereas  the  cases  from  the  Philippines  admitted  into  the  Ai-my  Hospital 
S.at  San  Francisco  in  1899-1900  Avere  mostly  bacillary,  those  received  after- 
A 'wards  Avere  chieHy  amoebic.  Morgenroth,  in  the  same  Avay,  found  amoeba? 
L entirely  absent  from  the  stools  of  dysenteric  patients  in  China  in  certain 
f 'seasons  and  years,  Avhile  at  other  times  they  Avere  invariably  present. 
. The  cause  of  these  irregular  fluctuations  is  unknown. 

Personal  Factors — Age. — Children  have  the  disease  in  a milder  form 
1 ithan  adults,  but  the  relative  liability  of  the  different  age-periods  has  not 
^'been  determined.  Fmcc. — It  is  doubtful  AA’hethcr  lace  has  any  influence 
. on  susceptibility,  but  habituation  counts  for  much.  The  natives  of  a 
> locality  Avhere  amoebic  dysentery  is  endemic  are  less  subject  to  the 
infection  than  strangers,  and  in  them  the  disease  is  more  amenable  to 
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treatment.  The  unacelimatised  Caucasian  is  especially  susceptible.  This 
cannot  be  ascribed  to  the  less  favourable  sanitary  conditions  under  which 
he  lives,  as  compared  with  the  native,  nor  to  the  less  care  taken  to  secure 
pure  drinking  water.  His  liability  is  rather  the  effect  of  climate,  giving 
rise  to  intestinal  congestions,  accentuated  by  alcoholic  indulgence  and 
the  use  of  a diet  unsuited  to  his  new  conditions  of  life.  Sex  by  itself  has 
no  influence  on  susceptibility.  The  smaller  proportion  of  women  attacked 
is  due  to  their  more  temperate  habits,  and  to  less  exposure  to  the 
exciting  causes  of  the  disease.  It  has  been  observed  in  the  Philippines 
that  troops  engaged  on  active  service,  and  consequently  exposed  to  fatigue 
and  vicissitudes  of  weather,  furnish  a larger  proportion  of  cases  than 
those  living  in  quarters.  A.  D. 

Amoeba — Anicehce  of  the  Intestinal  Canal  in  Man. — Lambl  in  18G0  was 
the  first  to  call  attention  to  amoebae  in  the  stools.  The  bodies  described 
by  him  as  amoebae  occurred  in  a child,  and  varied  in  size  from  4’6  /x  to 
6 ‘2  /X,  but  there  is  some  doubt  whether  they  were  really  amoebae.  Ten 
yeai-s  later  Lewis  observed  amoebiB  in  the  dejections  of  18  per  cent  of 
cholera  patients  examined  by  him  in  India,  but  did  not  attach  any  patho- 
logical significance  to  them.  Of  far  greater  interest  is  the  observation  of 
Loesch,  made  at  about  this  time,  but  published  three  years  later ; in  the 
stools  of  a man  aged  twenty-four  years,  who  suffered  from  chronic  diarrhcea, 
Loesch  found  numerous  motile  amoebm,  which  were  from  five  to  eight 
times  the  size  of  red  corpuscles.  The  amoebae  are  accurately  described, 
and  agree  in  all  essential  features  with  the  pathogenetic  ama;ba  of  the 
human  intestine  as  now  accepted.  At  the  first  examination  the  amoebae 
were  so  numerous  that  there  were  as  many  as  sixty  to  seventy  in  one 
field  of  the  microscope.  Ordinary  treatment  was  not  followed  by  any 
improvement  ; but  after  Loesch  found  that  a solution  of  quinine  1 : 5000 
quickly  killed  the  amoebae,  and  injected  this  solution  into  the  bowel  and 
administered  the  drug  by  the  mouth ; the  patient  improved,  and  the 
amiebae  disappeared  from  the  stools,  only  to  reappear,  howcAmr,  when  the 
quinine  injections  were  left  oft’.  Pleurisy  developed,  and  later  the 
amoebae,  without  special  treatment,  disappeareol  from  the  stools,  and  were 
not  found  again  up  to  the  time  of  death,  which  was  caiised  by  pneumonia. 
The  autopsy  shewed  chronic  ulceration  of  the  large  intestine.  Portions 
of  the  stools  containing  amoebae  were  injected  into  four  dogs.  Three  of 
the  dogs  remained  well ; the  fourth  developed,  eight  days  later,  mucous 
stools  containing  the  amreba\  The  animal  was  killed,  and  an  examination 
of  the  large  intestine  shewed  congestion  and  ulceration.  Loesch,  however, 
did  not  regard  the  animbre  as  the  direct  cause  of  the  lesions,  but  merely 
as  an  additional  irritant  in  the  course  of  an  oi'dinary  dysentery.  Loesch’s 
publication  was  followed  by  that  of  (iT-assi,  who  held  that  anuBbae  occurred 
in  the  dejecta  of  healthy  persons  and  of  those  suffering  from  diarrlima, 
and  that  although  they  were  more  numerous  in  the  latter  condition  they 
had  no  special  pathological  significance.  Grassi  observed  that  the 
amix'bao  sometimes  included  leucocytes,  red  corpuscles,  ami  starch,  which 
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lie  regiircled  ;is  food.  Cunningham  and  Lewis,  who  found  amteba'  in 
healthy  persons  and  in  patients  suffering  from  cholera  and  other  diseases, 
erroneously  considered  them  as  transitional  stages  of  flagellates  and 
sporozoa.  Robert  Koch  was  the  first  to  pay  attention,  in  Egypt,  to  the 
amoeba?  of  the  intestine.  In  1883,  in  the  course  of  his  work  on 
cholera,  he  found  in  the  ulcerated  intestine  of  four  cases  of  dysentery 
amoebre  which  were  readily  difi'erentiated  Avith  aniline  dyes.  In  one  case 
only,  in  Avhich  the  ulcers  were  healed,  were  they  missed.  He  failed  to 
find  them  in  the  mucus ; but  he  regarded  their  presence  in  the  deeper 
parts  of  the  ulcers  as  indicating  a causal  relationship  to  dysentery. 
Stimulated  by  these  observations  and  Koch’s  advice,  Kartulis  investigated 
numerous  cases  of  dysentery  in  Avhieh  amoeba?  occnrred,  and  he  noted  a 
relation  between  the  numbers  of  the  organisms  and  the  severity  of  the 
symptoms.  The  interest  aroused  by  Kartulis’s  publications  brought  to 
light  several  observations  by  Normand,  Sonsino,  and  Perroncito,  which 
followed  Loesch’s  paper,  and  dealt  with  amoebse  in  colitis.  A series  of 
confirmatory  observations  appeared.  HlaA-a  reported  the  positive  examina- 
tion of  sixty  cases  of  dysentery,  and  the  injections  of  laboratory  animals 
Avith  faeces  containing  amoebae.  Of  six  cats  and  seventeen  dogs  Avhich 
he  inoculated  he  obtained  in  four  cats  and  tAvo  dogs  results  Avhich  he 
regarded  to  be  positive,  but  did  not  describe.  In  the  United  States 
Drs.  Osier,  Councilman  and  Lafleiir,  Simon,  Musser,  Stengel,  and  others 
observed  amoeba?  in  cases  of  dysentery,  and  regarded  them  as  identical 
Avith  those  described  by  Loesch  and  by  Kartulis.  At  about  the  same 
time  Fenoglio  of  Sorrento  described  amoebae,  associated  Avith  cercomonads 
and  the  eggs  of  Trichocephalns  trichiuru!<,m  a case  of  diarrhoea,  but  denied  that 
the  amoebae  had  any  pathogenetic  properties,  Avhile  Calandruccio  sAA^alloAved 
encysted  amoebae,  Avhich  developed  and  were  still  present  tAvelve  days 
later  in  his  normal  stools.  Massiutin  also  reported  from  Loesch’s 

clinic  in  KieAv  that  amoebae  Avere  found  in  intestinal  diseases  other 
than  d}’senteiy.  Further  i-esults  confirmatory  of  Kartulis’s  Avere  soon 
supplied  from  Germany  by  Cahen,  Nasse,  and  Quincke  and  Roos,  from 
Austria  by  Kovacs,  from  Bivazil  by  Lutz,  so  that  at  present  there  is  a 
large  number  of  papers  supporting  this  opinion.  Kartulis  in  his  later 
papers  has  greatly  increased  the  number  of  cases  of  dysentery  examined 
Avith  positive  results,  and  the  cases  of  other  intestinal  diseases  sheAving 
negative  results.  He  also  asserts  that  he  has  cultivated  the  dysentery 
amoebae  in  a hay  infusion,  but  this  is  probably  a mistake.  He  undoubtedly 
succeeded,  hoAA'CAmr,  in  inducing  in  a cat,  by  the  injection  of  fi'esh 
dysenteric  faeces,  an  attack  of  dysentery.  The  stools  contained  amcebae, 
and  the  cat  died  on  the  tAvelfth  day.  Kartidis  states  that  he  has  pro- 
duced similar  lesions  Avith  the  cultiAmted  amoebae,  and  Avith  the  pus  from 
a liver  abscess  containing  amoebae  but  no  bacteria. 

That  special  forms  of  dysentery  and  of  hepatic  abscess  due  to  amoebm 
exist  is  estalilishcd  by  these  observations.  Moi'e  recent  work  has  been 
centred  round  the  identity  and  mode  of  pathogenetic  action  of  the 
amoebae  described  by  various  authors,  and  on  the  amoebae  occurring  in  the 
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intestines  of  patients  suffering  from  diseases  other  than  dysentery,  and  of 
healthy  persons.  The  descriptions  of  amoebaj  as  given  by  Grassi  do  not 
agree  precisely  with  those  given  by  Loesch,  and  in  his  earlier  papers 
Kartnlis  did  not  give  consistent 'descriptions.  Moreover,  it  is  doubtful 
whether  the  organisms  ingested  by  Calandruccio  are  to  be  regarded  as 
identical  with  the  amoebm  of  Loesch  and  of  Kartulis. 

One  of  the  earliest  attempts  at  separation  of  a virulent  from  a mild 
form  of  amoebae  was  made  by  Quincke  and  Roos.  I’hey  observed  tAvo 
cases  of  amoebic  colitis,  in  the  first  of  Avhich  the  infection  was  caused  by 
an  organism  agreeing  Avitii  the  amoeba  of  Loesch  {Aniceha  coli),  Avhile  in 
the  second  the  stools  contained,  besides  flagellates,  a considerable  number 
of  amoebae  larger  in  size  than  the  foi’mer  A'^ariety,  and  sheAA'ing  a different 
encysted  state  from  that  of  the  Amceba  coli.  The  symptoms  in  the 

second  patient  Avere  less  severe  than  in  the  first.  With  the  stools  of  the 

first  patient  eight  cats  Avere  injected  per  anum ; six  develojaed  dysentery 
and  died  in  two  to  three  Aveeks,  sheAving  ulceration  of  the  large  intestine 
at  the  autopsies.  Two  cats  Avere  fed  Avith  non-encysted  amoebte  and 
Avere  unaffected  ; four  others  Avere  fed  on  the  encysted  form  and  developed 
dysentery.  The  stools  of  the  second  patient  produced  no  morbid  changes 
in  cats.  On  account  of  these  differences  Quincke  and  lioos  proposed  to 
call  the  second  organism  Amoeba  coli  mitis.  Quincke  and  Roos  also 
investigated  the  normal  intestine  as  regards  the  presence  of  amoebse. 
They  administered  Carlsbad  salts  to  tAventy-four  persons,  in  nine  of  Avhoni 
amcebse  Avere  found.  These  amoebae-containing  stools  are  almost  Avithout 
action  on  cats.  This  thii'd,  harmless  Auriety  they  call  Amoeba  vuhjaris. 
Schuberg  also  succeeded  in  obtaining  amoebae  from  the  stools  of  healthy 
persons  by  administering  Carlsbad  salts.  He  considers  them  to  be  nor- 
mally present  in  the  small  intestine  in  man.  A similar  but  more  exten- 
sive investigation  Avas  carried  out  by  Kruse  and  Pascpiale.  While  in 
Italy,  ea  route  to  Egypt,  they  noted  the  appeai'ance  of  amoebae  in  their 
stools  Avhich  remained  normal,  and  in  Egypt  they  tAvice  found  amoebae  in 
the  stools  from  thirty-five  healthy  ])ersons.  Hence  they  conclude  that  in 
some  countries  amoebae  are  occasionally  normal  inhabitants  of  the  intestine. 
Their  Avork  on  amoebic  dysentery  confirmed  that  of  Kartulis  and  of 
Councilman  and  Laffeur.  They  failed  to  cultivate  the  amoeba  from  i 
dysenteric  stools ; l)ut  Avith  faeces,  and  Avith  the  pus  from  abscesses  of  the  ■ 
liver,  they  succeeded  in  producing  dysentery  in  cats.  In  three  of  the 
successful  experiments  Avith  the  pus  of  hepatic  abscesses  bacteria  Avere  ■ 
absent.  They  i-ecognised  a pathogenetic  Amoeba  clysenterice  as  apart  from  i 
the  non-pathogenctic  Amoeba  coli,  a distinction  inti'oduced  by  Conncilmaii 
and  Laffeur.  The  experiment  of  Zancarol  is  interesting  as  bearing  upon  : 
the  poAver  of  pus  from  an  hepatic  abscess,  in  Avhich  amoebae  conld  not  i 
be  found,  to  set  up  dysentery  in  caits.  Hence  he  concluded  that  sterility  is  > 
not  to  be  decided  upon  the  grounds  of  bacteriological  examination  adone. 

As  is  sheAvn  by  Boas’s  results  amd  the  partiail  faiilures  of  other  experi- 
menters, dysentery  is  not  invariably  set  up  in  cats  by  the  injection  of  ' 
faeces  containing  amoebae.  Since  the  evidence  is  strong  that  the  bacterial 
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|i  and  chemical  constituents  of  fseces  do  not  ])roduce  dysentery  in  cats,  and 
b since  in  the  successful  experiments  amcehaj  were  always  present  in  the 
f injected  material,  it  may  l)e  concluded  that  these  organisms  are  the  essen- 
b tial  factors,  although,  owing  either  to  some  peculiarity  of  condition  or 
I stage  ot  development  in  the  parasites,  to  their  numbers,  or  to  the  greater 

: resistiiuce  in  certjun  cats,  and  possil)ly,  also,  to  the  mode  of  injection, 

some  only  of  the  inoculated  animals  develop  the  symptoms  and  lesions  of 
amoebic  dysentery.  Harris,  who  succeeded  in  producing  dysenteiy  in 
puppies  by  the  injection  into  the  I’ectum  of  stools  containing  amoeba}, 
with  the  production  in  one  instance  of  an  ama'bic  abscess  of  the  livei’, 
failed  entirely  to  produce  a similar  lesion  by  the  inoculation  of  cultures 
of  all  the  bacteria  that  could  be  isolated  from  the  stools.  Kruse  and 
Pasquale  also  failed  to  set  up  dysentery  in  cats  by  means  of  bacterial 
cultures  of  dysenteric  stools  or  with  amoeboe-free  stools  of  dysenteric 
patients.  Marchoux  was  successful  in  causing  dysentery  by  means  of 
amoebic  stools  in  a series  of  twenty  cats,  and  in  those  which  survived  the 
injections  for  fifteen  days  or  longer,  abscesses  of  the  liver,  single,  as  a rule, 
but  sometimes  multiple,  developed.  Once  seven  or  eight  small  abscesses 
were  encountered.  Heating  the  dejecta  to  45°  C.  for  thirty-five  minutes, 
which  destroys  the  amoebae  but  not  the  bacteria,  rendered  the  injections 
negative. 

The  evidence  which  these  observations  supply  is  to  the  effect  that  in 
the  intestine  of  man  amoebae  are  not  uncommonly  present  as  saprophj^es, 
and  in  the  tropics  and  many  countries  of  subtropical  and  temperate 
climates  a sj>ecies  of  pathogenetic  amoeba  also  exists  which  is  capable  of 
producing  dysentery  and  hepatic  abscess.  The  peculiar  form  of  dysen- 
tery caused  by  this  parasitic  amoeba,  to  distinguish  it  from  the  dysenteric 
disease  caused  by  the  Bacillus  dysenterw,  is  called  amoebic  dysentery ; 
and  the  hepatic  abscess  produced  by  the  invasion  of  amoebae  into  the  liver 
is  called  amoebic  abscess.  It  is  pos.sible  to  produce  experimentallj’  in  cats 
and  young  dogs  a fatal  form  of  colitis,  in  which  the  symptoms  and  lesions 
are  those  of  dysentery  in  man ; and  in  some  instances  the  lesions  in  the 
colon  have  been  followed  by  the  appearance  of  hepatic  abscesses  resembling 
those  in  man. 

Biology  of  the  ylmcehcv.  of  the  Intestinal  Canal  in  Man. — The  importance 
of  obtaining  cultures  of  the  amoebae  outside  the  body  has  been  clear  to 
all  investigators  of  this  subject.  The  results,  up  to  the  very  recent  pub- 
lication of  Musgrave  and  Clegg,  have  been  negative  so  far  as  the  ])atho- 
genetic  species  in  man  is  concerned.  Cunningham,  Grassi,  Kartulis,  and 
^ ivaldi  believed  that  they  had  cultivated  the  Amoeba  coli.  In  spite  of 
the  more  or  less  successful  inoculations  of  cats  with  these  cultures  by 
Kartidis  and  Vivaldi,  it  is  extremely  doubtful  whether  they  really  worked 
with  cultures  of  this  amoeba.  Kruse  and  Pasquale  failed  to  cidtivate 
Amceha  coli,  although  they  obtained  cultures  of  saprophytic  amoeba)  by 
following  the  methods  of  the  previous  investigators.  Saprophytic  amoeba) 
have  been  groAvn  on  solid  culture  media,  on  which  they  have  been 
separated  more  or  less  completely  from  extraneous  substances  except 
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bacteria,  by  Ogata,  Celli  and  Fiocca,  Beyerinck,  Schardinger,  Froscli, 
Casagrandi  and  Barbagallo,  Jensen,  Zaul)itzer,  Mouton  and  Gottstein, 
and  although  in  many  of  the  experiments  dysenteric  stools  were  used  for 
inoculation,  the  amoebae  that  developed  in  the  cultures  were  probably  not 
the  pathogenetic  species.  It  has  been  shewn  that  certain  amoebae  develop 
not  in  pure  culttire  but  in  relation  to  l)acterial  symbiosis,  the  choice  of  the 
necessary  bacterium  being  frequently  difficult.  Tstijitani  obtained  cultures 
of  amoebae  in  association  with  the  cholera  spirillum,  and  probably  dealt 
with  a single  s[)ecies  of  amoebae.  Frosch  secured  his  cultures  of  amoebae 
{A.  nitrophilia)  free  from  anj^  contaminating  bacteria  by  permitting 
them  first  to  become  encysted,  and  then  treating  them  with  a 20  per  cent 
solution  of  sodium  hydroxide,  by  which  means  non-sporulating  bacteria 
were  destroyed,  the  encysted  amoebae  remaining  uninjured.  Following 
Tsujitani  and  Frosch’s  methods,  Musgrave  and  Clegg  obtained  plate 
cultures  of  amcebae  from  d}^senteric  stools  and  liver  abscess  in  man.  They 
were  also  able  to  separate  bacteria  from  encysted  amoebae  by  caieful 
heating  but  in  no  case  did  they  observe  multiplication  of  the  amoebae  in 
the  aibsence  of  living  bacteria.  They’  appreciated  the  bearing  of  this 
observation  upon  amoebic  abscess  of  the  liver,  in  which  bacteria  cannot  be 
found,  and  consider  it  possible  that  other  organic  substances,  possildy’  of  a 
labile  nature,  may  in  the  living  body  be  able  to  act  in  the  same  way^  as 
bacteria.  Cultures  of  amoebse  and  the  cholera  spirillum  injected  into  the 
liver  of  a monkeys  set  up  an  abscess  in  which  both  organisms  existed  side 
by  side ; but  injection  of  the  same  cultures  into  a monkey  previously  im- 
munised to  the  cholera  spirillum  was  without  effect.  IMusgrave  and  Clegg 
have  dealt  at  length  with  the  difficulties  of  selection  of  bacterial  partners, 
especially  for  the  pathogenetic  amceboe  of  the  intestine.  With  ama'ba^ 
isolated  from  cases  of  dysentery  they  were  able  to  cause,  both  in  man 
and  monkey,  dysenteric  symptoms.  In  some  cases  the  injections  were 
successful  when  the  amoebre  were  associated  with  a harmless  liacterial 
species,  but  at  other  times,  especially  in  monkeys,  pathogenetic  bacteria 
were  necessary  to  bring  out  the  injurious  effects  of  the  amoebic.  The 
results  of  Musgi-iive  and  Clegg’s  experiments  with  cultures  of  anuebiv 
derived  from  the  intestinal  contents  of  dy^senteric  patients  would  be  more 
conclusive  were  it  not  that  cats  and  dogs,  which  have  shewn  themselves 
especially  suitable  for  inoculation  experiments,  were  iipparently  unaffected 
by  the  cultures,  and  monkeys,  which  do  not  readily  yield  to  infection 
with  the  natural  amfebuveontaining  material  in  man,  were  relatively 
easily  susceptible  to  the  cultures.  Intestinal  amoebiasis  would  seem  to 
occur  spontaneously  in  monkeys ; and  Musgrave  and  Clegg  mention 
examples  of  acquired  infection  with  these  organisms  among  moidceys  kept 
in  captivity.  They  took  the  precaution  always  to  exclude  the  accidental 
presence  of  ama'boe  in  the  stools  of  the  animals  selected  for  experiments, 
and  they  report  examples  of  three  monkeys  which  may  have  been  infected 
accidentally  from  the  monkeys  inoculated.  These  experiments,  -while  not 
wholly  conclusive,  are  important. 

The  biology  of  the  commoner  intestinal  amcebte  in  man  has  been 
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studied  successfully  by  Casiigi-aiuli  and  Barbagallo,  and  especially  by 
Schaudiuii.  The  first  authors  have  "iveu  an  exact  account  of  the 

O 

development  of  the  uon-pathogenetic  species,  while  Schaiidinu  has  con- 
firmed and  extended  their  studies,  and  brought  to  light  many  facts  of  the 
development  of  the  ])athogenetic  species.  According  to  the  nomenclature 
introduced  by  Schaudinn  the  first  should  be  called  Entamicba  coli ; and 
the  second,  Entama'ba  hidolytica.  (For  the  morphology  of  the  Ammba, 
sec  p.  17.) 

Schaudinn  would  seem  to  have  succeeded  in  causing  dysentery  in  cats 
by  means  of  spores  of  Amceba  histolytica.  A small  portion  of  freces  was 
dried  in  the  air,  and  then  suspended  in  a small  quantity  of  water ; from 
the  thick  suspension  microscopical  preparations  were  jsrepared,  and  on 
careful  examination  were  found  to  be  free  from  encysted  forms,  but 
to  contain  spores  of  the  amceba.  The  material  was  now  washed  off  the 
slides  with  water  mixed  with  milk,  and  administered  l)y  the  mouth  to 
cats ; two  of  these  developed  dysentery — a young  animal,  which  died  of 
the  disease  and  shewed  early  and  characteristic  lesions,  and  an  older  one 
which  eventually  recovered.  The  stools  of  the  animals,  free  from  amoebae 
before  the  experiment,  contained  many  after  the  administration  of  the 
emulsion.  That  the  lesions  of  amoebic  dysentery  can  be  {produced  by  the 
ingestion  of  spores  of  Anuvba  histolytica,  is  rendered  highly  probable  by 
this  result. 

Sbion  Flexnei!. 

Morbid  Anatomy — Site  of  Lesion. — The  whole  of  the  large  intestine 
may  be  involved,  but  the  lesions  seldom  extend  above  the  ileo-caecal 
valve.  Frequently  they  are  limited  to  one  segment  of  the  intestine,  or, 
at  least,  the  brunt  of  the  disease  falls  on  one  part,  the  rest  of  the  bowel 
being  only  slightly  affected.  Kartulis  found  the  whole  of  the  large 
intestine  involved  in  half  the  cases  observed  in  Egypt ; in  one-fourth  the 
seat  of  the  disease  was  the  descending  colon  and  sigmoid  flexure ; in 
another  fourth  the  emeum  Avas  affected  together  with  the  ascending  or  the 
descending  colon,  or  the  rectum.  The  rectum  Avas  affected  in  one-fifth 
of  his  cases,  and  the  caecum  alone  in  only  one-tAventieth.  Major  Eogers, 
in  Calcutta,  found  the  lesions  most  marked  in  the  caecum  and  ascending 
colon,  and  not  rarely  limited  to  these  parts.  Lafleur  likcAvise  states  that 
in  the  majority  of  cases  the  crncum  and  ascending  colon  are  aflected. 
This  agrees  A\dth  my  oavii  observations.  In  seven  out  of  one  luuidred  and 
fifty  necropsies  by  j\IusgraA'e  in  the  Philippine  Islands,  amoebic  infection 
of  the  ajipendix  AA'as  found,  and  in  three  of  these  the  caecum  Avas  also 
gangrenous,  and  death  resulted  from  peritonitis  folloAving  perforation. 
The  evidence  points  to  a varying  localisation  of  the  lesions  in  different 
countries,  for  Avhich  no  explanation  can  be  offered.  Does  it  depend  on 
the  A'arying  frequency  of  mixed  infections  in  different  counti'ies  1 

The  characteristic  lesion  of  amoebic  dysentery  consists  in  circum- 
scribed areas  of  thickening  and  necrosis  in  the  .submucosa,  Avhich  appear 
as  sharply  defined  nodules  projecting  into  the  lumen  of  the  boAvel,  giving 
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rise  to  ulcers  with  thickened,  undermined  edges — the  mucosa  itself  being 
involved  secondarily  and  to  a less  extent.  The  nodules  vary  in  size  from 
that  of  a hemp-seed  to  a pea  or  bean.  The  smaller  ones  are  round,  the 
larger  oval,  anfl  are  most  frequently  seated  on  the  folds  of  the  mucous 
membrane.  On  incision  they  are  found  to  contain  a grayish-yellow 
viscid  substance,  consisting  of  broken-down  tissue,  red  blood-corpuscles, 
a few  pus-cells,  and  amoebae.  The  necrosis  of  the  mucosa  gives  rise  to  a 
small  opening,  communicating  with  the  focus  of  disease  in  the  .submucosa. 
An  ulcer  is  thus  established  which  increases  by  extension  of  the  necrotic 
process  in  the  submucous  tissue,  and,  to  a less  extent,  by  the  destruction 
of  the  overlying  mucous  membrane,  giving  rise  to  the  charactei’istic  ulcer 
en  bouton  de  chemise.  The  ulcers  thus  formed  are  round  or  oval,  and  in 
the  latter  case  are  seated  transversely  to  the  long  axis  of  the  bowel. . 
They  vary  in  size  from  a few  lines  to  one  or  two  inches,  and,  b}''  coalescence 
with  neighbouring  ulcers,  they  ai’c  often  much  larger  and  irregular  in 
form.  They  vary  greatly  in  depth.  As  a rule,  their  base  is  the  sul> 
mucosa  ; sometimes  it  is  formed  by  the  muscular  coat,  and  in  severe  cases 
their  floor  is  formed  by  the  thickened  subserous  tissue.  The  ulcer,  when 
recent,  is  covered  Ijy  a tawny,  gelatinous  coating,  consisting  of  necrosed 
tissue,  amoebfe,  red  blood-corpuscles,  a few  pus-cells,  and  bacteria  ; the 
last  are  most  abundant  iti  the  supei’ficial  layer.  The  base  is  covered  with 
a dark  slough  when  gangrene  is  present.  In  chronic  ulcers  the  base  is 
thickened,  pale,  and  sometimes  pigmented.  When  the  healing  process 
sets  in  the  ulcer  presents  a clean,  granulating  surface.  The  borders  of  the 
characteristic  amoebic  ulcer  are  rai.sed  above  the  level  of  the  surrounding 
healthy  mucosa.  In  recent  cases  the  edges  are  ragged  and  undermined, 
fistulous  tracks  often  connecting  neighbouring  ulcers.  For  a A'arying 
distance  from  the  margin  of  the  ulcer  the  submucosa  is  thickened, 
oedematous,  softened,  infiltrated  with  lymphocytes,  and  contains  amoebie, 
especially  along  the  advancing  line  of  necrosis.  The  cells  of  the  tissue 
undergo  degeneration,  and  the  intercellular  .substance  breaks  down  into  a 
necrotic  mass.  The  Ij^mphatics  are  dilated,  the  blood-ve.ssels  congested 
or  thrombosed,  and  their  walls  infiltrated  with  round  cells.  The  mucosa 
is  comparatively  slightly  affected.  The  tubular  glands  in  the  immediate 
neighbourhood  of  the  ulcers  will  be  found  more  or  less  dilated,  distoi-ted, 
or  cystic ; their  epithelium  cloudy,  SAvollen,  or  detached.  The  solitary 
follicles  are  sometimes  enlarged  or  ulcerated,  at  other  times  normal.  The 
miicosa  between  the  ulcers  is  generally  normal,  but  patches  of  superficial 
necrosis,  of  bacillary  origin,  are  occasionally  observed.  AVhen  massive 
gangi’ene  occurs,  larger  or  smaller  sloughs,  or  even  tubular  portions  of  the 
inner  coats,  ma}'  be  passed  by  stool,  leaving  ulcers  which  present  no 
specific  chaivacters. 

The  amoebae  are  found  in  the  viscid  contents  of  the  nodules,  in  th(' 
gelatinous  matter  covering  the  ulcers,  and  in  the  extending  area  of 
necrosis  in  the  submucosa.  When  the  muscular  coat  is  involved,  they 
are  found,  according  to  Lafleur,  “ exclusively  in  the  intermuscular  septa 
of  connective  tissue,  in  the  loose  meshes  of  the  subserous  connective 
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tissue,  iiiul  may  even  invade  tlie  fat  of  the  mesocolon.”  Anuebm  are  al.so 
sometimes  met  with  in  the  lympliatic.s  and  veins. 

By  what  path  do  the  amccbm  reach  the  snhmncons  tissue?  Many 
believe  that  they  penetrate  by  the  interglandnlar  tissue,  diirgens  and 
Jaeger  hold  that  they  enter  by  Lieberkiihti’s  crypts,  and  Schaudinn 
arrives  at  the  same  conclusion.  “I  frccpiently  find  amoeba?,”  he  says,  “in 
the,  as  yet,  healthy  parts  of  the  mucosa  in  the  glands  of  Taeberkiihn,  and 
c<'in  then  follow  them  into  the  submucosa.”  It  is  by  no  means  certain, 
howevei-,  that  they  always  follow  the  same  route. 

I?i  the  more  chronic  cases  the  bowel  contains  ulcers  in  all  stages  of 
evolution  and  repair.  The  mucous  surface  of  the  intestine  is  here  pale, 
there  cojigested,  in  another  part  pigmented.  Pigmented  spots,  indicating 
the  sites  of  small  ulcers,  are  seen  along  with  linear  or  radiating  cicatrices, 
the  result  of  more  extensive  lesions.  Hide  by  side  there  may  be  chronic 
ulcers  with  callous,  thickened  edges,  but  still  containing  amcebre,  recent 
ones  with  ragged  edges,  and  sloughing  lesions  of  varying  extent.  In  short, 
the  pathological  facies  of  chronic  ammbic  dysentery  difiers  in  diflfei’ent 
cases  and  in  dill'erent  parls  of  the  same  bowel.  In  the  more  severe  cases 
of  long  standing,  the  wall  of  the  bowel  is  thickened  and  hard,  and  its 
lumen  contracted.  Sometimes  distinct  cicatricial  contractions  arc  present, 
above  which  the  bowel  is  dilated.  The  peritoneum  paiticipates  in  the 
process.  It  is  thickened  and  discoloured  at  parts  cori-esponding  to  deep 
ulcers.  Adhesions  often  exist  between  the  large  intestine  and  the  coils 
of  the  small  intestine,  the  wall  of  the  abdomen,  or  the  neighbouring- 
viscera,  giving  rise  to  displacements.  Perforation,  followed  by  general 
peritonitis,  is  by  no  means  a i-are  termination  of  this  dangerous  malady. 
Circumscribed  abscess  is  also  met  with. 

Symptoms — Acute  Form.  — The  onset  of  amoebic  dysentery  is 
occasionally  sudden  and  its  course  acute.  Ho  far  as  my  experience  goes, 
the  acute  form  is  rare  in  the  tropics,  but  it  is  possible  that  cases  of  this 
kind  have  been  mistaken  for  bacillary  dysentery.  The  patient  is  seized 
with  colicky  pains  and  tene.smus,  often  severe  in  pi-oportion  to  the  gravity 
of  tfie  disease.  The  stools  are  at  first  frequent  and  scanty,  consisting  of 
mucus  alone  or  mucus  streaked  with  blood,  or  mixed  with  thin  fecal 
matters.  After  a few  days  they  become  more  copious,  watery,  and 
shreddy,  of  a browni.sh-red  colour,  or  they  present  the  consi.stence  of 
gruel,  semi-viscid  from  admixture  of  mucus,  with  a yellow,  green,  or 
A’ariegated  scum  and  a little  fluid  blood  floating  on  the  sui-face.  If 
gangrene  sets  in,  sloughs  of  varying  size  and  thickness,  with  clots  of 
blood,  are  passed — the  motions  acquiring  at  the  same  time  an  insufferably 
ortensive,  gangrenous  odour.  At  this  stage  the  motions  may  become  less 
frc(pient  and  the  tenesmus  less  severe,  giving  rise  to  delusive  hopes  of 
amendment.  A considerable  amount  of  jmre  blood — fluid  or  clotted — is 
sometimes  ]>assed.  Much  more  rarely  dangerous  haemorrhage  occurs. 
The  temperature  for  the  first  few  days  ranges  from  99°  to  102°,  seldom 
reaching  103°  F. ; towards  the  end  it  falls  below  normal.  The  jmlse 
is  moderately  accelerated  at  the  commencement,  becoming  rapid  and  weak 


4 


538  SYSTEM  OF  MEDICINE 

as  the  disease  advances.  The  appetite  is  lost.  The  tongue,  at  first  moist, 
becomes  dry  and  brown  as  a fatal  issue  is  approaching.  Marked  prostra- 
tion is  always  present  in  dangerous  cases.  The  urine  often  contains  a 
trace  of  albumin.  Death  takes  place  in  a week  or  ten  dat’s  from 
exhaustion  or  from  perforation  with  general  peritonitis.  In  the  less  * 
severe  forms  recovery — permanent  or  temporary — occurs,  or  the  symptoms 
gradually  moderate,  persisting  in  a milder  form  to  prove  fatal  or  end  in  ’» 
recovery  at  a later  period.  Acute  or  subacute  attacks,  instead  of  opening  ^ 
the  scene,  may  occur  diiring  the  course  of  the  chronic  disease.  ' 

Chronic  Form. — Amoebic  dysentery  in  the  vast  majority  of  cases  runs  j 
a chronic  course,  with  irregularly  recurring  periods  of  quiescence  and  I 
exacerbations.  It  often  begins  quite  insidiously.  A’  case  is  I'eported  in 
which  amoebic  dysentery,  followed  by  liver  abscess,  occurred  in  England, 
two  years  after  the  patient  had  retimied  from  the  ^Mediterranean.  It  • 
had  apparently  been  latent  all  this  time.  In  some,  even  of  the  cases  of 
acute  onset,  idcers  have  been  found  in  the  bowel  which  must  have  dated  > 
l)ack  for  months  before  the  acute  attack  began,  and  had  been  attended  |l 
with  such  mild  symptoms  as  not  to  attract  the  notice  of  the  patient.  At  j | 
times  the  bowels  are  somewhat  loose,  but  this  hardl}’'  attracts  attention, 
and  there  are  intervals,  more  or  less  prolonged,  during  which  the  bowels  l 
are  regular  or  constipated.  This  state  of  things  may  last  for  several  l| 
months — occasionally  even  for  one  or  two  years — with  little  disturbance 
of  the  general  health.  The  patient  feels,  indeed,  that  he  has  lost  some- 
thing of  his  usual  vigour,  but  is  able  to  attend  to  his  duties,  until, 
perhaps,  a moi-e  severe  exacerbation,  attended  with  colic,  tenesmus,  and 
al)doniinal  pain,  makes  him  seek  advice.  The  disease  may  run  on  in  this 
insidious  way,  without  its  real  nature  being  suspected,  until  liver  abscess- 
or  perforation  supervenes.  An  officer,  supposed  to  be  suffering  from 
indigestion  and  “ liver,’'  with  loss  of  appetite  and  irregularity  of  the  bowels, 
continued  to  perform  his  oi-dinary,  and  by  no  means  light,  duties  in  the 
Royal  Engineers,  until  within  a few  days  of  his  death  from  perforation, 
which  was  the  first  thing  to  open  the  eyes  of  his  medical  attendants  to 
the  nature  of  the  disease. 

I’he  exacerbations  in  mild  cases  last  from  two  to  five  days.  The 
stools  ai’e  loose  and  alkaline,  containing  mucus  and  perhaps  a little  blood 
from  time  to  time.  The  motions  seldom  exceed  six  in  the  twent}'-four 
hours,  and  arc  passed  Avith  little  pain.  By  rest,  dieting,  or  treatment 
the  symptoms  subside  for  a time, — the  stools  becoming  moi’e  or  less 
formed.  In  not  a few  cases  there  is  constipation.  The  formed  or 
pultaceous  fmces  Avill  frequently  be  found  to  be  streaked  or  mixed  Avith 
mucus  containing  amoebae.  This  period  of  quiescence  lasts  from  ten  to 
fourteen  days,  more  or  less,  to  be  folloAved  by  another  exacerbation. 

In  the  graver  forms  developing  out  of  the  milder  types,  or  in  those 
Avhich  have  been  seA'ere  from  the  commencement,  the  intermissions  are 
shorter,  the  exacei’bations  more  prolonged,  and  the  stools  during  the 
lattei’  more  frequent,  more  distinctly  dy’senteric  in  character,  and  passed 
Avith  tenesmus.  Councilman  and  LaHeur  AA^ere  the  first  to  describe  the 
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presence  in  the  stools  during  acute  exacerbations  of  “small,  opatiue  or 
translucent,  gelatinous,  greyish-yellow  masses,  varying  in  size  fi  om  a pin’s 
head  to  a split-pea,  which  are  fragments  of  necrotic  tissue  from  the  bases 
•of  the  idcers,  always  containing  amoeba'.”  These  should  be  carefully 
■sought  for.  Ill  au  uncertain  proportion  of  cases  the  bacillus  of  d}'sentery 
•is  also  met  with  in  the  faces  during  the  exacerbation.  Charcot’s  crystals 
lare  sometimes  present  in  the  stools.  When  the  disease  has  gone  on  for 
some  time  the  general  health  becomes  notably  impaired.  There  is  loss  of 
lappetitc,  loss  of  strength,  loss  of  flesh,  and  amemia.  The  digestion  is 
disordered.  Undigested  portions  of  food  are  passed  in  the  stools.  The 
• skin  becomes  dry  and  of  an  earthy  colour,  the  tongue  glazed,  the  feet 
land  ankles  oedematous.  The  emaciation  in  many  cases  is  extreme.  The 
outlines  of  the  bones,  covered  with  diy  parchment-like  skin,  become 
painfully  distinct.  The  belly  on  either  side  is  hollowed  out,  with  the 
V vertebral  column  visibly  projecting  in  the  middle  line.  Unless  an  acute 
; exacerbation  with  sloughing,  or  some  intercurrent  disease  or  complication 
puts  an  end  to  the  patient’s  sufferings,  he  dies  of  exhaustion.  AVhen 
recovery  takes  place,  the  animbie  disappear  from  the  stools,  which  assume 
their  natural  appearance,  and  convalescence  is  slovdy  established. 

In  some  c.ases,  when  recovery  has  apparently  taken  jilace,  small 
i ulcers  remain  in  the  bowel  without  giving  rise  to  symptoms.  These, 
perhaps,  form  the  foci  from  which  amoebic  abscess  of  the  liver  develops 
1 long  after  all  trace  of  dysentery  has  disappeared.  Sodre  relates  an 
instance  of  a woman  who  passed  amoebie  in  her  stools  for  twenty 
) years  and  suffered  from  a muco-sanguineous  discharge  for  four  or  five 
I days  everj"  month,  but  was  perfectly  well  in  the  inteiwals ; the  character 
'}  of  the  amoebiB  in  this  case  is,  however,  uncertain. 

Complications. — The  most  common  complication  of  amoebic  dysentery 
1 is  liver  abscess  (vide  p.  571).  Perforation  occurs  most  frequently  in 
i,  gangrenous  cases,  but  it  also  occurs  in  the  insidious  form  of  the  disease. 
^ Strong  met  with  perforations  in  12  out  of  77  autopsies.  The  site  of 
1 perforation  is  the  sigmoid  flexure  and  rectum  in  half  the  number  of 
^ cases  (Berenger-J'6rand).  Hiemorrhage  to  any  serious  extent  is  rare,  and 
it  is  seldom  the  direct  can.se  of  death.  Adhesions  and  displacements 
I-  resulting  from  peritonitis  have  already  been  noticed. 

Diagnosis. — A diagnosis  of  amoebic  dysenteiy  cannot  be  conclusively 
established  from  the  discovery  of  amcebie  in  dysenteric  stools,  foi‘,  as 
' Schaudinu  points  out,  harmless  amoebae,  as  well  as  other  protozoa,  are 
often  present  in  bacterial  dysentery  caused  by  the  Shiga-Flexner  bacillus. 
The  serum  test  is,  therefore,  of  value,  and  if  negative,  gives  pathogenetic 

■ significance  to  the  amoebae.  In  chi-onic  cases  the  course  of  the  disease  is 

■ fairly  characteristic.  An  intermittent  diarrhma,  however  mild,  should 
he  looked  upon  with  suspicion  in  the  tropics,  and  lead  to  an  examination, 
and,  if  need  be,  to  repeated  examination  of  the  stools.  When  amoebae 
are  at  all  numerous,  there  is  little  difficulty  in  finding  them  in  the  fieces, 
if  the  stools  be  examined  soon  after  being  passed,  and  while  still  warm. 
A fragment  of  mucus  or  a drop  of  the  liquid  fieces  is  put  on  a slide,  a 
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cover-glass  j)laced  lightly  over  it  and  examined  with  a medium  powei-. 
In  cold  weather,  the  hot  stage  should  be  used.  There  is  some  risk  in 
mistaking  certain  large  granular  cells  described  by  Jiirgens  which  appear 
to  consist  of  an  endo-  and  ectoplasm,  and  other  objects  present  in  the  fajces, 
for  resting  amcebiu,  and  it  is  a safe  rule  not  to  make  a positive  diagnosis 
uidess  motile  forms  are  observed. 

Prognosis. — The  case-mortality  cannot  be  under  20  per  cent,  and 
sometimes  is  much  higher.  The  prognosis  should  be  guarded,  however 
mild  a case  may  appear.  The  intractable  nature  of  the  disease  has  also 
to  be  borne  in  mind.  After  apparent  recovery  relapses  are  apt  to  occur. 

Prophylaxis. — The  ])rincipal  measures  to  be  adopted  for  the  preven- 
tion of  amoebic  dysentery  may  be  summarised  as  follows  : (1)  The  thorough 
disinfection  and  safe  disposal  of  dysenteric  stools,  which  are  none  the  less 
dangerous  when  they  become  formed  during  a period  of  quiescence.  (2) 
The  substitution,  when  possible,  of  the  water-carriage  system  for  privies  and 
cesspools.  Where  this  is  impossible  the  adoption  of  measures  to  prevent, 
as  far  as  possible,  the  pollution  of  .soil  and  water.  (3)  To  secure  a water- 
supply  from  a pui-e  source,  its  filtration,  and  safe  storage.  When  tanks 
and  cisterns  are  in  use  the  utmost  care  should  be  taken  to  pi-otect  them 
from  contamination.  (4)  Thorough  draining  of  the  soil.  (5)  The  boil- 
ing of  water  used  either  for  domestic  or  drinking  purposes.  (G)  The 
cleanly  cultivation  and  scrupulous  washing  and,  if  need  be,  scalding  of 
raw  vegetables.  (7)  An  easily  digested,  non-irritating  diet,  and  the 
avoidance  of  excesses,  fatigue,  and  exposure. 

Treatment. — In  the  acute  form  of  the  disease,  and  during  the  exacer- 
bations of  the  chronic  form,  the  patient  should  be  confined  to  bed. 
During  the  intermissions  carefully  regulated  exercise,  according  to  the 
requirements  of  each  case,  is  beneficial.  When  acute  symptoms  are 
present,  the  diet  should  be  restricted  to  milk,  chicken-tea,  barley-water, 
egg-albumin,  beef-juice,  and  the  like.  In  the  more  chronic  forms,  milk,  if 
it  agrees  with  the  patient,  should  still  form  the  staple  diet,  but  mild  fari- 
naceous foods  and  eggs  may  be  allowed.  Some  cases  do  well  on  raw  or 
half-cooked  meat  finely  minced.  Stimulants  in  small  and  frequent  doses 
are  necessary  when  prostration  sets  in. 

For  severe  abdominal  pains,  poultices,  turpentine-stupes,  or  hypo- 
dermic injections  of  morphine  are  to  be  resorted  to.  Small  enemas  of 
laudanum  and  starch  are  particidarly  useful  in  relieving  the  tenesmii.s 
when  the  disease  is  in  the  lower  bowel.  Change  of  climate  is  to  be 
recommended  in  obstinate  cases,  but  when  the  disease  comes  under  treat- 
ment at  the  beginning,  when  the  regular  administration  of  enemas  is  so 
important,  it  is  not  advisable  to  send  the  patient  at  once  on  a voyage, 
as  this  gives  the  disease  an  op})ortunity  of  establishing  itself  before 
efficient  treatment  can  be  adopted. 

It  is  only  in  cases  of  primary  acute  mixed  infections  that  benefit 
can  be  hoped  for  from  the  use  of  ipecacuanha,  and  even  in  these  its 
employment  is  of  somewhat  doubtful  advantage.  The  safest  line  of 
treatment  in  this  form  is  the  use  of  eliminative  and  antiseptic  remedies. 
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!i;iloiig  with  large  enemas  when  they  can  bo  tolerated.  The  sulphate 
of  sodium  in  drachm  doses  every  three  or  four  hours,  or  castor 
oil  once  or  twice  a day,  may  be  given  along  with  benzo-naphthol  or 
•salol.  If  sloughing  sets  in,  turpentine  in  small  doses  may  be  given  in 
mucilage  or  in  larger  doses  along  with  castor  oil.  Large  warm  enemas 
of  quinine  of  a strength  of  1 in  1000  should  be  employed.  The  iirita- 
■ tiou  and  pain  is  sometimes  so  great  that  their  frequent  administration  is 
dithcult,  but,  when  possible,  they  should  be  given  two  or  three  times  in  the 
twenty-four  hours.  I have  .sometimes  fouml  good  residts  from  boracic  acid 
injections,  10  grains  to  the  ounce.  The.se  may  be  advantageously  alter- 
nated with  quinine  enemas.  Ford  recommends  OTO  to  0‘40  per  cent 
solutions  of  eucalyptus  gum  as  quite  the  most  valuable  drug  for  rectal  use 
in  this  acute  form  of  the  disease.  It  may  be  given  in  milk,  water,  or  a 
mi.Kture  of  milk  and  olive  oil.  I have  no  e.vperience  of  this  remedy  in 
the  acute  form,  but  it  seems  to  deserve  a trial. 

' Much  dillerence  of  opinion  exists  as  to  the  utility  of  internal  remedies 
given  by  the  mouth  in  the  ordinary  chronic  form  of  the  disease.  My 
own  experience  of  ipecacuanha  has  not  been  encouraging,  but  others  have 
I found  it  useful.  Sodre  considers  that,  given  by  the  Brazilian  method  (see 
i p.  519),  it  gives  the  best  and  surest  results.  Birmingham  found  “that 
I the  symptoms  in  most  cases  responded  promptly  to  the  ipecacuanha 
I treatment  in  3 to  4 gramme  doses.”  Koemer  was  successful  in  three  out 
of  seventeen  cases  by  the  administration  of  a strong  preparation  of  the 
I bark  of  simaruba  and  pomegranate  root.  Dr.  Huntly  found,  in  the  case 
of  his  own  child,  that  amendment  followed  drachm  doses  of  a 1 in  10,000 
I'  solution  of  the  perchloride  of  mercury  ; in  some  cases  that  have  not  reacted 
I'  to  enemas  I have  found  frequent  small  doses  of  use.  Kartulis  gives  three- 
I quarters  of  a grain  of  calomel  ten  times  in  twenty-four  hours  foi-  several  days, 
for  its  amoebacidal  action,  either  alone  or  combined  with  naphthalin,  and  he 
' certainly  had  opportunity  in  Egypt  of  forming  an  opinion  on  the  efficiency 
of  the  remedy.  It  is  evident  that  these  doses  cannot  be  persisted  in  for 
any  length  of  time.  Quincke  gave  calomel  alone  in  the  same  dose  at  first 
twice,  then  gradually  increasing  to  four  times  a day.  Calomel  in  small 
doses  given  two  or  three  times  daily  does  undoubtedly  reduce  the  number 
of  the  stools  and  improve  their  character,  and  causes  a temporary  dis- 
appearance of  the  amcebse,  but  in  my  experience  it  seldom  effects  a per- 
manent improvement.  Most  reliance  should  be  placed  on  rectal  medication. 
Numerous  substances  are  amcebacidal ; but  the  difficulty  lies  in  reaching 
the  j)arasite  by  drugs  administered  by  enema  when  it  is  buiTOwing  under 
the  mucosa.  Hence  the  importance  of  early  treatment,  before  the  sub- 
mucosa is  extensively  invaded.  Prof.  Osier  speaks  highly  of  the  value 
of  warm  quinine  injections  of  the  strength  of  1 to  5000,  1 to  2500, 
or  1 to  1000.  Quinine  is  the  drug  most  frequently  employed,  and  the 
results  are  often  satisfactory,  especiall}"  whoi  resorted  to  early.  If  the 
disease  does  not  yield  to  solutions  of  the  strength  recommended  by 
Prof.  Osier,  solutions  of  1 to  750  may  be  tried.  One  and  a half  to 
three  pints  of  the  solution  should  be  introduced  slowly  by  gravitation 
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through  a soft  rubber  tube  passed  well  up  the  bowel.  Quinine,  how- 
ever, even  in  strong  solutions,  frequently  fails,  and  in  this  case  recourse 
should  be  had  to  some  other  amoebacide.  Harris  obtained  the  best  re- 
sults by  injecting  about  two  pints,  twice  a day,  of  the  ordinaiy  solution  of 
hydrogen  peroxide,  diluted  with  four  to  eight  times  its  amount  of  water. 
This  may  be  given  on  alternate  days  with  (piinine.  Some,  again,  prefer 
permanganate  of  potassium,  four  to  seven  grains  to  a pint.  Ford  believes 
that  no  drug  rivals  eucalyptol  in  solutions  of  0‘05  to  0'20  per  cent,  in 
sterile  water,  or  normal  salt  solution.  Upon  the  appearance  of  an  exacer- 
bation he  recommends  that  eucalyptus  gum  be  substituted.  I tried  this 
with  apparent  benefit  in  one  case,  but  it  is  still  doubtful  whether  the  cure 
is  permanent.  Enemas  of  nitrate  of  silver,  i to  1 grain  to  the  ounce, 
after  the  bowel  has  been  well  washed  out,  or  sulphate  of  copper,  \ to  2 
grains  to  the  ounce,  should  be  tried  in  obstinate  and  chronic  cases,  as 
recommended  for  chronic  bacillary  dysentery.  Dr.  Sand  with  strongly 
recommends  enemas  of  sulphate  of  copper  with  starch  and  opium  from 
the  outset,  provided  there  are  no  symptoms  threatening  perforation. 

HcSmorrhage  is  to  be  controlled  by  ergotin  or  adi-enalin,  or  by  ice 
applied  to  the  abdomen.  AVhen  perforation  takes  place,  with  general 
peritonitis,  all  that  can  be  done  is  to  relieve  pain.  Operative  procedures 
will  generally  be  out  of  the  question. 

Andrew  Davidson. 
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III.— OTfiER  Dysenteric  Affpictions  ascribed  to  Protozoa 

By  Andrew  Davidson,  M.D.,  F.R.C.P.Ed. 

Spirillar  Dysentery. — Le  Dantec  has  described  a form  of  dysentery 
caused  by  a spirillum,  not  infrequently  seen  in  the  south-west  of  France, 
especially  in  and  around  Bordeaux,  but  which  may  prove  to  have  a 
wider  distribution.  The  spirillum,  which  has  not  been  cultivated,  is  G to 
12/x  in  length  and  is  readily  detected  in  the  mucus  of  the  stools.  A 
thin  film  of  a portion  of  gray  mucus  from  the  fieces  is  fixed  in  alcohol-ether, 
coloured  by  dilute  Ziehl  solution,  washed  in  water,  and  examined  under 
an  oil-immersion.  The  spirilla  occupy  the  summits  and  interior  of  the 
epithelial  cells,  which  they  destroy,  and  in  this  way  cause  superficial 
ulceration  of  the  mucosa. 

Tlie  symptoms  are  those  of  a mild,  non-febrile  dysentery,  which  has 
never  been  observed  to  prove  fatal,  but  which,  if  neglected  or  improperly 
treated,  may  persist  for  months.  Le  Dantec  mentions  a case,  treated  by 
bismuth,  salol,  tannin,  pancreatin,  and  pepsin,  which  persisted  for  six 
months,  but  ultimately  yielded  to  antiseptic  enemas.  This  method  of 
treatment  speedily  effects  a cure  in  recent  cases,  but  must  be  continued 
for  a considerable  time  when  the  disease  is  chronic. 

Spirilla  are  frequently  met  with  in  the  tropics  in  the  stools  of 
patients  suffering  from  bacillary  dysentery  without  any  reason  for  susiiect- 
ing  that  they  have  any  pathogenetic  significance. 

Ciliar  Dysentery. — Balantidium  coli  (Fig.  80)  belonging  to  the  class  of 
ciliata,  measures  from  70  to  100 /x  by  50  to  70  /x.  Strong  has  shewn 
that  it  can  give  rise  to  a specific  diarrhoea  which  occasionally  terminates 
in  ulceration  of  the  large  intestine.  Dehio  has  collected  sixty-one  cases 
of  this  kind,  but  without  doubt  the  parasite  is  a much  more  frequent 
cause  of  dysenteric  symptoms  than  this  indicates. 

The  symptoms  of  balantidium  infection  are  those  of  a chronic  catarrh 
ending  in  ulceration  of  the  large  intestine.  In  one  of  Dehio’s  cases, 
which  proved  fatal  in  six  weeks,  the  disease  began  with  vomiting, 
anorexia,  wasting,  diarrhoea,  loss  of  strength,  and  the  presence  of  balan- 
tidia in  the  stools.  On  autopsy,  the  intestine  Avas  found  “diphtheritic,” 
and  numerous  balantidia  Avere  found  in  the  mucosa.  As  a rule,  the 
disease  runs  a more  chronic  course,  sometimes  lasting  for  years.  In  a 
case  recorded  by  Klimenko,  quoted  by  Mr  Jackson  Clarke,  the  patient 
suffered  from  diarrhoea  for  three  or  four  years,  and  passed  balantidia  in 
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the  stools.  Quinine  injections  failed,  the  weakness  increased,  the  face 
and  limbs  became  anlematous,  and  the  patient  died.  At  the  autop.sy 
tlu’oe  ulcers  were  foniul  in  the  rectum,  two  in  the  transverse,  and  one  in 
the  ascending  colon.  In  the  ulcers  only  a few  degenerated  parasites 
were  found,  but  the  microscope  shewed  balantidia  surrounded  by  in- 
flammatory infiltration  in  parts  of  the  mucosa  distant  from  the  ulcers. 
Woit  described  three  cases,  two  of  which  proved  fatal.  In  one  of  these 
there  was  chronic  catarrh  of  the  large  intestine  but  no  ulceration. 

The  Balantidium  minutum  (Fig.  81)  and  Kyctothmis  faha  of  Schaudijin 
(Fig.  82)  are  generally  looked  upon  as  non-pathogenetic,  but  the  former 
has  been  found  associated  with  mucous  diarrhma. 

The  treatment  offering  the  best  prospect  of  success  is  that  by  enemas 
of  one  or  other  of  the  amoebacidal  drugs — noticed  under  amoebic  dys- 
entery. i\lethylene-l)lue  in  solutions  of  1 to  3000,  as  recommended  liy 
Castellani,  should  be  tried. 

Flagellar  Diarrhoea  or  Dysentery. — Cercomonads  and  trichomonads, 
belonging  to  the  FlageUafa,  may  be  met  with  in  the  stools  of  healthy 
persons,  and  are  not  necessarily  pathogenetic.  They  are  sometimes,  how- 
ever, ])resent  in  such  large  numbers,  anti  associated  with  a diarrhoea  which 
ceases  when  they  have  been  got  rid  of  by  treatment,  that  they  must  be 
looked  upon  as  occasionally  pathogenetic.  Castellani  records  two  cases 
observed  in  Ceylon  apparently  caused  by  flagellates — Trichomonas  hominis 
and  Limhlia  intestinaUs  {vide  p.  .55).  The  stools  in  both  cases  were  liquid, 
of  a brownish  colour,  but  did  not  contain  blood  or  pus.  Enormous  numbers 
of  these  parasites  were  present,  and  in  one  of  the  cases  a few  flocculi  of 
mucus  were  mixed  with  the  faeces.  There  was  no  fever,  griping,  oi- 
tenesmus.  The  disease  was  not  a true  dysentery,  although  it  is  possibly 
sometimes  so.  A cure  was  effected  by  enemas  of  three  pints  of  a 1 in 
3000  solution  of  methylene-blue,  given  twice  daily. 

Andrew  Davidson. 
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SPRUE 

By  Sir  Patrick  Manson,  K.C.M.O.,  M.D.,  LL.D.,  F.R.S. 

Synonyms. — Aphtlwides  chronica,  Cachexia  aphthosa,  Chronic  aphtJur,  Chronic 
diarrhoM,  Chronic  dysentery,  Diarrhrea  alba,  Uhite  jinx.  Chronic  enteritis. 
Chronic  enteritis  of  warm  countries.  Aphtha’  tropica’,  Ajihtho!  orientales, 
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StomutUis  intertropiai,  Ceylon  sore  viouth,  Indische  spruw,  Sprnu\  Apepsie 
or  Athrepsie  coloniale  ufrophiqne,  Chronic  or  Endemic  diarrhcen  of  Cochin, 
China,  Fsilosis  lingnm  ct  nmcosce  intestini. 

Definition. — Sjn’ue  or  jJsilosis  may  be  defined  as  an  insidious,  chronic, 
remitting  inflammation  of  the  whole  or  part  of  the  mucous  membrane  of 
the  alimentary  canal,  occurring  jirincipally  in  Europeans  who  are  1-e.siding 
<jr  have  j-esided  in  tropical  or  subtropical  climates.  It  is  characterised 
by  irregularly  alternating  peiiods  of  exacerbation  and  comparative 
(piiesccnce ; a peculiar,  inflamed,  superficially  ulcerated,  exceedingly 
sensitive  condition  of  the  mucous  membrane  of  the  tongue  aTid  mouth  ; 
great  wasting  and  anaemia  ; })ale,  copious,  and  often  loose,  frequent,  and 
frothy  fermenting  stools ; very  generally  by  more  or  less  diarrhoea ; and 
also  by  a marked  tendency  to  relapse.  Spi-ue  may  either  be  primary,  or 
it  may  supervene  on  or  complicate  other  affections  of  the  alimentary  canal. 
Llidess  properly  treated  it  is  usually  fatal. 

Nomenclature. — Some  explanation  is  due  for  the  introduction,  or 
rather  reintroduction,  into  medical  literature  of  the  name  under  which  I 
propose  to  describe  this  disease. 

Although  the  first  describers  of  the  complaint  recognised  its  peculiar 
characters,  and  gave  it  special  names,^  more  recent  writers  have  di-opped 
these,  and,  whilst  still  recognising  the  peculiar  clinical  and  pathological 
features,  describe  them  under  such  loose  and  wide  terms  as  “ chronic 
diarrluea,”  “chronic  dysentery,”  “tropical  diarrhoea,”  and  so  forth.  This 
looseness  of  nomenclature  I regard  as  a distinct  misfortune  as  M^ell  as  a 
I'Ctrogression ; for,  as  a consequence,  the  student  is  led  to  oveilook  or  to 
ignore  the  special  characters  of  the  disease,  and  has  his  attention  directed, 
not  to  the  condition  itself,  but  to  one  only,  and  that  not  a constant 
constituent  symptom  of  a complex  pathological  condition.  The  i)ublic, 
moreover,  is  likewise  misled  by  such  names.  When  the  subject  of  this 
very  seidous  disease  is  informed  that  he  is  suffering  from  chronic  diarrhma, 
he  fails  to  appreciate  the  gravity  of  bis  position,  and  will  not  readily  sub- 
)uit  to  a treatment  which,  to  most  persons,  is  a trying  and  prolonged 
ordeal.  To  tell  him  he  is  suffering  from  chronic  diarrhtea  is  very  much 
like  telling  the  victim  of  ctuicer  that  he  is  suffering  fi'om  “ tumoui-  ” ; he 
shirks  and  puts  off  a treatment  which,  did  he  Init  ])roperly  apprehend  the 
danger,  he  would  readily  submit  to. 

The  medical  man,  likewise,  who  encounters  these  cases  for  the  first 
time  is  misled  by  these  vague  names,  and  it  is  only  aftei-  more  than 
one  blunder  and  some  years  of  experience,  bought  at  the  expense  of  his 
patients,  that  he  begins  to  know  the  deadly  nature  of  the  complaint  he  is 
dealing  with. 

Lastly,  the  absence  of  a special  name  has  led  the  writers  of  text- 
books and  teachers  to  overlook  a disease  of  which  they  themselves  have 
had  little  experience  in  Europe,  but  which,  nevertheless,  is  a common  as 

’ Hillary  called  it  Aphihoide,ti  chronica  ; Latham,  Cachexia  aphthosa  ; Chisholm,  Chronic 
aphthoc. 
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well  ;is  a dangerous  disease  among  Europeans  in  hot  climates.  Thus, 
young  medical  men  land  in  the  tropics,  not  only  without  experience,  hut 
also  without  information  or  guidance  in  a very  important  matter. 

For  these  and  similar  reasons,  1 think  that  the  adoption  of  some  such 
distinctive  and  catching  name  as  “sprue”  for  this  disease  is  desirable. 

Etymologically  the  woi'd  I adopt  is  not  very  defensible,  but  neither 
are  many  of  the  names  in  use  iii  medicine — cancer,  for  examjde.  At  one 
time  the  word  “sprue”  Avas  applied  to  Avhat  is  now  called  “thrush”  and 
“ aphtlne  ” ; for  years,  however,  it  practically  dropped  out  of  the  language, 
so  that  cdnfusioji  is  not  likely  to  occur  on  this  score.  A\’hen  my  atten- 
tion was  first  drawn  to  the  subject,  1 found  that  the  Dutch  equivalent- 
“spruw” — was  iii  universal  use  in  Java  to  indicate  this  special  form  of 
tro{)ical  entero-colitis ; and  as  the  name  had  proved  to  be  a very  practical 
aiul  suiuble  one  there,  I thought  I could  not  do  better  than  adopt  it  in  a 
short  notice  of  this  disease  I contributed  many  years  ago  to  the  Medical 
Iteports  of  the  Chinese  Imperial  Maritime  Customs.  1 understand  Dr.  Hender- 
son of  Shanghai,  recognising  the  desirability  for  a distinctive  name,  had 
also  a(lo{)ted  this  Dutch  word.  The  name  was  cpiickly  taken  up  by  the 
profession  and  European  public  in  China,  where  it  is  now  well  understood 
among  the  various  foreign  communities.  It  is  the  name  eni})loyed  in  the 
nomenclature  of  disejvses  drawn  up  by  the  Koval  College  of  Physicians  of 
London  (1906). 

In  consecjuence  of  the  introduction  of  this  name  it  would  seem  that 
the  public,  at  all  events  in  the  East,  is  gradually  becoming  educated  into 
some  knowledge  of  the  disease  thus  indicated,  and  I believe  that  in  this 
wa)’’  the  hands  of  the  physicians  concerned  have  been  strengthened.  Not 
only  so,  but  the  profession  in  general  is  also  becoming  alive  to  the  im- 
portance of  the  subject,  and  in  time  our  knoAvledge  of  an  interesting  and 
very  important  clinical  symptom-group  will  be  extended.  These  con- 
siderations seem  to  me  sufficient  justification  for  the  adoption  of  the  woi'd 
“sprue,”  and  for  persevering  in  its  use. 

“ Psilosis  ” {xj/ikos,  ‘ bare  ’)  Avas  suggested  by  Thin  in  one  of  his  valuable 
papers  as  a substitute  for  “ sprue.”  It  is  expressive  of  the  fact  that  bare- 
ness or  raAvness  of  the  mucosa  is  a leading  feature  of  the  complaint.  The 
Avord  is  certainly  more  scholarly  than  “sprue,”  but,  at  the  same  time,  like 
“diarrhoea,”  it  is  but  partially  descriptive,  and  therefore  misleading; 
moreover,  I think  it  is  less  likely  to  become  popular.  It  has  the 
advantage  of  forming  an  euphonious  adjective — psilotic,  signifying  bare, 
stripped,  or  raw,  in  Avhich  sense  I shall  use  it  of  mucous  memliranc. 

Literature. — The  earliest,  as  it  is  one  of  the  best  and  most  graphic 
descriptions  of  Avhat  I Avould  call  the  protopathic  form  of  sprue,  avc  oavo 
to  Hillary  (1776).  Since  he  Avrote,  most  systematic  Avriters  on  tropical 
diseases  have  dealt  AAuth  the  subject ; 1 ma}"  mention  Annesley,  TAA-iniug, 
Martin,  Grant,  Goodeve,  Donald,  Moore,  Chevers,  Doutroulau,  Corre, 
Kelsch  and  Kiener,  and  many  French  Avi-iters.  Sir  J.  Fayrer  gives  an 
excellent  clinical  account  of  it.  Among  the  more  recent  contributions  to 
the  subject  I may  mention  papers  by  myself,  by  C.  L.  van  der  Burg,  and 
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Thill’s  ivell-kiiown  articles.  Up  to  the  date  of  its  publication  (lb87),  the 
most  exhaustive  Avork  oil  sprue  is  that  by  Bertrand  and  Foiitau,  in  Avhicli, 
ill  addition  to  much  valuable  original  matter,  there  is  an  excellent  sum- 
mary of  the  considerable  French  literature  on  the  subject.  Still  more 
recently  we  have  important  papers  from  Musgrave,  Bassett- Smith, 
iMaiirer,  Kichartz,  and  van  der  Scheer. 

Geographical  Distribution. — Although  sprue  is  very  much  more 
common  in  some  parts  of  the  tropical  world — Java  and  Cochin  China, 
for  example — than  in  others,  there  is  good  reason  to  believe  that  it 
occurs  occasionally  in  most  tropical  countries,  if  not  in  all.  Many  of 
the  cases  called  “chronic  diarrhoea”  or  “chronic  dysentery,”  coming 
from  the  AVest  Indies,  from  trojjical  America  and  from  Africa,  answer 
ill  their  descriptions  to  sprue.  Hillary  and  Chisholm  certainly  en- 
countered it  in  the  AVest  Indies.  There  can  be  no  doubt  about  its 
frequency  in  India,  Ceylon,  the  Malay  Archipelago  (Burg  and  others), 
the  Eastern  Peninsula  (Bertrand  and  Fontan  and  many  others),  Mid- 
China,  and  especially  in  South  China  and  jMaiiila.  Though  most 
common  in  the  tropics,  it  is  not  strictly  confined  to  these  regions ; it 
is  not  infrecpiently  met  Avith  in  Shanghai,  and  in  the  European  settle- 
ments on  the  Yangtze  River,  many  degrees  to  the  north  of  the  tropics. 
It  occurs  in  Japan;  I have  treated  Avell-marked  examples  of  the  disease 
from  that  country.  Although  its  development  and  rapid  progress  seem 
to  be  favoured  by  the  perpetual  summer  and  damp  heat  of  such  countries 
as  Java  and  Cochin  China,  yet  a dry,  bracing  climate,  such  as  Shanghai 
and  the  greater  part  of  China  enjoy  during  several  months  of  the  year, 
is  not  sufficient  to  ensure  immunity  from  a disease  Avhich  is  apparently 
provoked  by  the  great  heat  and  relaxing  influences  of  a long  and  trying 
summer.  Speaking  from  my  own  experience  in  South  China,  Avhere  the 
Avinter  climate  is  very  fine,  of  all  the  chronic  diseases  the  European  has  to 
contend  against  there,  sprue,  in  its  various  forms  and  degrees,  is  by  far 
the  most  frequent  as  Avell  as  the  most  formidable. 

Etiology. — Amongst  the  remoter  causes  of  sprue  prolonged  residence 
in  hot  climates  must  be  reckoned  as  the  chief.  In  certain  instances  the 
ilisease  sheAvs  itself  after  a residence  of  one  or  tAvo  years  only,  or  even 
less.  This,  hoAvever,  in  my  expenence,  is  a rare  occurrence  ; usually  I 
find  that  the  victim  of  sprue  has  resided  in  the  tropics  for  many  years. 

As  more  direct  factors  may  be  enumerated  exhausting  diseases,  par- 
ticularly those  of  the  alimentary  canal,  such  as  dysentery,  diarrha'a, 
hoemorrhoids,  fistula  in  ano,  the  morning  diarrhoea  of  the  tropics — an 
affection  Avhich  must  not  be  confounded  Avith  the  mornin<r  diarrlxea  of 
alcoholism — child-bearing,  miscarriages,  and  other  uterine  troubles,  par- 
ticularly those  attended  Avith  luemorrhage,  prolonged  lactation,  syphilis, 
courses  of  mercury  and  iodide  of  potassium,  bad  food  and  AA^ater,  mental 
anxiety,  chills,  and  so  forth.  Alalaria  has,  of  course,  been  cited  as  a 
cause  of  sprue  ; I cannot  say,  hoAA^ever,  that  there  is  much  evidence  for 
this.  Nor  can  it  be  said  that  bad  or  insufficient  food  is  a A’ery  potent 
factor,  for  the  disease  is  common  enough  in  places — Shanghai,  for 
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example — where  the  food  market  cannot  be  surpassed ; inoreovei’,  it 
is  quite  as  prevalent  among  the  rich  as  among  the  poor. 

Of  the  actual  cause  of  sprue  nothing  is  known  ; we  cannot  even  .say 
whether  it  be  of  a physio-pathological  character,  or  a specific  germ.  At 
one  time  the  discovery  by  Norniand  of  the  parasite  which  Eavay  called 
Anguillnla  sten'oralis — since  proved  to  be  the  free  form  of  llhahihmema 
infestinale — in  the  stools  of  cases  of  Cochin-China  flux,  gave  rise  to  the 
notion  that  sjirue  was  a helminthiasis  similar  in  some  respects  to  aid<ylo- 
stomiasis.  This  hope  has  been  abatidoned,  as  in  many  cases  these  })arasites 
are  entirely  al>sent.  According  to  Musgrave  Amceha  coll  is  often  present 
in  the  stools,  and  in  7 out  of  IG  cases  the  blood  (dilution  1 in  10)  gave 
a ))ositive  agglutinating  reaction  with  cultures  of  Badlhs  dysentcria’. 
Although  it  is  jjossible  that  one  of  the  innumeral)le  species  of  bacteria 
pi'esent  in  the  stools  in  sprue  may  be  the  cause  of  the  disejise,  such  a 
relationship  has  not  yet  been  jwoved.  It  was  observed  by  Thin  that  in 
one  of  his  cases  the  stools,  particularly  during  the  exacerbations,  con- 
tained almost  a pure  culture  of  a particular  species  of  bacterium.  This 
and  similar  concurrences  are  facts  to  be  noted,  but  no  definite  conclusions 
can  be  drawn  from  them. 

In  connexion  with  the  etiology  of  sprue  it  is  of  importance  to  bear 
in  mind  that  whatever  the  actual  cause  may  be,  it  is  something  which 
can  remain  latent  for  a consideral)le  time.  An  individnal  who  has 
resided  in  a sprue  country  may  return  to  Eui'0[)e  apparently  in  good 
health,  and  remain  so  for  months  or  even  for  years,  and  yet  after  this 
interval  the  disease  may  shew  itself  for  the  first  time.  Or  a patient  may 
recover  from  the  disease,  and  yet,  without  leaving  England,  may  sufler  a 
relapse  after  months  or  years  of  good  health.  The  capacity  for  latency 
of  this  as  of  so  many  tropical  diseases  is  A'eiy  remarkable,  ^'an  der 
Scheer  makes  a valuable  suggestion,  based  unfortunatel}^  on  one  obsei'va- 
tion  only,  to  the  effect  that  the  presence  of  latent  sprue  might  be  suspected 
if  excess  of  fat  be  detected  in  a]>parently  normal  or  in  abnormally  pale 
stools.  The  presence  of  the  latent  disease  would  clearly  indicate  the 
necessity  for  care  in  diet,  etc. 

Pathology  and  Pathological  Anatomy. — Owing  to  practical  diffi- 
culties in  examining  a structure  so  delicate  as  the  mucous  membrane  of 
the  alimentaiy  canal,  and  to  the  fact  that  in  a disease  so  chronic  the 
primaiy  and  essential  features  of  the  complaint  become  overgrown  and 
masked  by  secondary  changes,  it  has  hitherto  been  found  impossible  to 
ascertain  the  ])rimaiy  and  fundamental  lesion  of  sprue.  It  seems  to  me 
that  more  information  is  to  be  got  on  this  point  from  a study  of  the 
lesions  of  the  tongue  and  mouth  in  the  early  stages  than  from  the  .study 
of  the  lesions  of  the  other  ]>arts  of  the  alimentary  cajial  in  the  later  stages 
of  the  disease.  If  the  tongue  be  a trustworthy  index  of  what  is  going  on 
in  other  and  lower  parts  of  the  alimentaiy  canal,  then  we  must  conclude 
that  the  primary  lesion,  at  all  events  the  one  first  appreciable  by  the 
unaided  senses,  is  a catarrhal  state  of  the  mucous  membrane  as  evidenced 
by  premature  shedding  of  the  epithelial  covering,  congestion  of  the  papilhe. 
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urul  folliculitis  going  on  to  superficial  ulceration.  What  in  its  turn  may 
be  the  cause  of  this  catarrh  Ave  cannot  say. 

Whetlier  it  be  in  consequence  of  this  hidden,  unknown  primary 
cause,  or  of  the  catarrh  Avhich  it  induces,  it  is  A^ery  certain  that  in  sprue 
digestion  and  assimilation  are  early  affected  ; and  that  this,  in  no  very 
long  time,  leads  to  tissue  stai’A'ation.  To  this  tissue  starvation,  doubtless, 
is  attributable  not  only  much  of  the  general  Avasting  l)ut  many  of  the  special 
symptoms  referable  to  the  alimentary  canal.  Dr.  D.  D.  Cunningham,  in 
a very  able  paper  on  the  effects  of  starvation  on  Amgetable  and  animal 
tissues,  has  sheAvn  that  the  effect  of  starA'ation  in  Indian  famines  is  not 
only  to  cause  a loss  of  bulk  of  the  tissues  generally,  but  also,  if  the 
starvation  bo  carried  beyond  a certain  point,  to  actual  destruction 
of  tissue.  Particularly  is  this  the  case  Avith  the  mucous  membrane 
of  the  alimentary  canal,  in  Avhich,  in  famine,  an  actual  and  irreparable 
destruction  of  secreting  and  alAsorbing  tissue  is  apt  to  occur.  As  a 
i-esult  of  this  destruction,  Avhen  sufficient  food  is  at  last  supplied,  as  in 
famine  camps,  digestion  and  absorption,  owing  to  actual  loss  of  the 
necessary  tissues,  cannot  be  effected ; thus,  so  far  from  proving  a benefit 
to  the  starving,  good  food  and  plenty  of  it  does  but  precijutate  death, 
inducing  by  its  mechanical  and  chemical  effects  further  irritative  changes 
in  the  starved  and  eroded  boAvel.  In  this  A\*ay  is  brought  about  the 
diarrhoea  and  dysentery  of  famine  camps,  and  many  of  the  diarrhoeas 
and  dysenteries  of  the  half-stai’Amd  populations  of  Eastern  countries  avIio, 
in  too  many  instances,  live  in  a state  of  chronic  famine — a state  hardly 
conceiAaible  by  the  fortunate  populations  of  more  favoured  countries. 

Doubtless  something  analogous  to  this  famine  diarrhoea  and  dysentery 
occurs  in  sprue;  an  artificial  physiological  famine  is  induced.  Therefore,  in 
contemplating  the  lesions  found  after  death  in  a case  of  sprue,  Ave  must 
be  careful  to  bear  in  mind  that  many,  if  not  most  of  them,  are  not  the 
specific  and  primary  lesions  of  sprue,  but  the  primary  and  secondary 
effects  of  starvation.  Thus,  Avhen  at  the  end  of  a long  case  the  alimentary 
canal  is  examined,  there  is  present  a threefold  pathological  condition, 
namely — («)  the  specific  and  primary  lesion,  (li)  the  specific  starvation 
lesion,  (c)  the  secondarA'  iriatative  lesions.  To  sort  out  these  in  the 
])resent  state  of  pathological  knoAvledge  Avould  be  an  impossible  task. 
Very  few  post-mortem  examinations  have  been  I’ecorded  Avith  the 
thoroughness  and  minuteness  of  histological  detail  necessary  to  enable 
us  to  cai'iy  out  such  an  attempt  successfully. 

After  death  from  spi-ue  the  tissues  as  a Avhole  are  found  to  be 
abnormally  dry,  in  consequence  of  Avhich  the  body  tends  to  mummify 
rather  than  to  decompose.  The  thoracic  and  <abdominal  viscera  are  both 
actually  and  relatiAmly  Avasted.  Tuberculous  foci  may  be  found  in 
the  lungs.  In  the  liAmr  there  are  no  morbid  appearances  Avhich,  from 
their  invariable  presence,  might  be  considered  essential.  More  frequentlA', 
according  to  Bertrand  and  Fontan,  certain  changes  are  encountered  in  the 
])ancrcas,  isolated  lobules  of  Avhich  sheAA’'  signs  of  pai'enchvmatous  change 
— such  as  fatty  or  granular  degeneration  of  the  cells,  Avith  softening  of 
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the  acini  and  slight  iiiHaimnatory  infiltration  of  the  connective  tissue, 
'riie  pancreatic  changes,  however,  are  probably  secondary  and  not 
essential,  as,  like  those  sometimes  found  in  the  liver  and  also  in  the 
kitlneys,  they  are  far  from  constant. 

As  might  be  expected,  the  principal  changes  are  to  be  found  in  the 
alimentary  canal,  part  or  the  whole  of  which,  including  in  many  ca.ses  the 
stomach,  is  invariably  found  to  be  diseased.  Speaking  generally,  the 
bowel  may  be  described  as  being  thinned  to  such  an  extent  as  to  be 
diaphanous.  There  is  no  necessary  or  notable  lesion  of  the  serous  or 
muscular  coats ; but  from  mouth  to  anus,  either  in  segments  or  in 
patihes  of  gi-eater  or  less  extent,  or  universally,  the  mucous  membrane  is 
diseased.  Its  free  surface  is  coated  with  a thick  layer  of  diitjg  viscid, 
grey,  tenacious  mucus.  On  washing  this  away  the  mucous  memluiuio  is 
found  to  present  a number  of  lesions 1st,  congested  ])atches;  2nd, 
eroded  patches ; 3rd,  ulcerated  patches ; 4th,  pigmented  patches  ; 5th, 
bare,  thiiv  - scarred,  cicatricial  patches;  Gth,  absence  or  wasting  of 
villi  and  glands  ; 7th,  in  addition  to  these  the  mucous  membrane,  where 
not  entirely  replaced  by  fibro-cellular  cicatricial  tissue,  is  felt  and  seen 
to  be  sown  with  minute  spherical  tumours — about  the  size  of  a pin’s 
head — surrounded  by  a dark  pigmented  areola.  These  little  nodules,  on 
being  cut  into,  are  found  to  be  situated  in  the  submucosa,  to  have  gela- 
tinous contents,  and  generally  a lateral  or  central  punctiform  orifice. 
They  are  mucous  cysts  replacing  follicles  (47). 

Under  the  microscope,  sections  of  the  diseased  portions  of  the  oeso- 
phagus, stomach,  and  intestines  shew  patchy  or  general  destruction  of 
the  surface  of  the  mucosa  in  all  degrees  from  slight  erosion  to  com- 
plete disintegration  of  the  villi,  glands,  and  follicles  ; effusion  into  and 
aronnd  the  closed  follicles,  leading  to  the  formation  of  mucous  cysts  or 
of  small  abscesses  which  subsequently  rupture  and  ulcerate ; infiltration 
by  leucocytes  of  the  basement  membrane  ; and  inflammatory  effusion 
into  the  submucous  layer,  with  subsequent  fibro-cirrhotic  changes  in  the 
new  tissue. 

The  mesenteric  glands  also  are  generally  eidarged,  dark,  and  perhaps 
tibrotic. 

The  ulceration  met  with  is  not  always  extensive.  In  the  stomach  and 
upper  parts  of  the  alimentary  canal  the  sores  are  generally  very  minute  and 
superficial ; towards  the  end  of  the  ileum  and  in  the  colon  the  ulcers  may 
be  larger,  deeper,  and  associated  with  some  thickening  of  the  bowel  from 
inflammatory  effusion. 

Speaking  of  the  changes  in  the  stomach,  Berti'and  and  Fontan  say, 
'■  It  may  be  completely  destroyed  by  embryonic  cell  jn'oliferation  in  the 
mucosa  oii  the  one  hand,  and  by  ulcerative  folliculitis  on  the  other. 
Finally  it  presents  sclerosed  and  pigmented  portions  which  are  probably 
the  ultimate  stage  of  the  nutritive  and  circulatory  troubles.”  Thin 
remarks  of  the  ileum  in  a case  he  records,  “The  mucosa  was  almost 
entirely  destroyed,  being  replaced  by  a structureless  substance  enclosing 
leucocytes,  and  here  and  there  the  remains  of  a follicle.  . . . The  sub- 
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mucosa  appeared  much  thickened,  and  the  fibrous  tissue  abundant  and 
more  than  usually  solid  in  consistence.  The  walls  of  the  vessels  were 
also  thickened,  altogether  denoting  a more  chronic  process  than  in  the 
other  parts  of  the  intestinal  canal.” 

If  I may  venture  to  interpret  these  morl)id  appearances  I would 
suggest  that,  as  the  primary  lesion  in  the  alimentary  canal  in  sprue  is  one 
from  Avhich  recovery  is  possible,  and  as  most  of  tlie  lesions  of  the  stomach 
and  ileum  just  described  are  of  such  a character  that  i-ecovery  from  tliem 
is  impossible,  these  latter  may  be  regarded  as  a result,  but  not  the  neces- 
sary result  of  the  primary  lesion — not  essential  features  of  the  disease. 
Tlie  primary  pathological  condition  of  the  mucous  membrane,  seeing  that 
it  admits  of  recovery,  is  probably  of  the  nature  of  a catarrh,  and  confined 
to  premature  shedding  of  epithelium  and  folliculitis ; this  view  is  further 
borne  out  by  what  is  seen  in  the  mouth.  After  a time,  this  condition 
being  unrelieved,  more  serious  changes  may  supervene ; the  necrotic 
famine  changes,  or  inflammatory  changes  induced  by  persistent  irri- 
tation, may  set  in.  Either  or  both  of  these  may  lead  to  ulceration  on 
the  one  hand  or  to  cirrhotic  changes  on  the  other ; and  in  one  or  both 
of  these  ways  the  mucous  membiane  is  changed  into  scar  tissue  without 
glands  or  absorbents,  gradually  becoming  useless  as  an  agent  in  nutrition. 

Applying  the  revelations  of  the  post-mortem  room  to  the  interpretation 
of  symptoms,  we  can  understand  that  according  to  the  region  and  extent 
of  the  alimentary  canal  involved  will  the  symptoms  be.  If  the  msophagus 
be  implicated,  dysphagia  and  substernal  burning  will  be  prominent  symp- 
toms ; if  the  stomach  be  involved,  vomiting  and  dyspeptic  troubles  of 
various  kinds  will  occur;  if  the  small  intestines,  lienteric  diarrhoea;  if 
the  colon,  dysenteric  diarrhoea.  All  of  these  conditions  and  .symptoms 
may  and  often  do  combine  in  one  and  the  same  case. 

The  frequent  ])i'esence  of  ulcers  in  the  colon  has  given  rise  to  much 
discussion,  .some  observers  contending  that  they  are  conclusive  evidence 
of  the  dysenteric  nature  and  origin  of  sprue.  But  it  is  evident  frojn  a 
study  of  the  history  of  the  evolution  of  this  disease  that,  in  a lai’ge  pro- 
portion of  cases,  the  progress  of  the  pathological  process  is  from  mouth 
to  colon,  and  not  from  colon  to  mouth.  The  psilotic  pi’ocess  is  a distinctly 
different  one  from  the  dysenteric  process,  although  they  may  and  frequently 
do  concur.  Ti'ue  dysentery  may  in  some  instances  be  the  starting-point 
of  sprue. 

Interesting  featui'es  in  sprue  are  the  absence  of  the  normal  yellow 
tint  in  the  stools,  the  phenomenal  bulk  of  the  stools,  and  the  presence  iu 
them  of  large  quantities  of  gas.  The  gas  is  doubtless  the  result  of 
decomj)osition  of  bacterial  origin,  and  the  Imlk  parti}-  the  resxilt  of  the 
spongy  structure  of  the  fmcal  mass  fi’om  the  infiltration  of  it,  as  can  be 
recognised  by  the  microscope,  with  minute  l)ubbles  of  this  gas,  and  also 
by  the  presence  of  undigested  particles  of  food,  more  especially  fat  and 
fatty  acids.  Analyses  by  Wynter  Blyth,  Martin,  and  van  der  Scheer  all 
concur  in  this,  and  it  ma}*  be  taken  as  an  established  fact  that  in  sprue 
the  absorption  of  fat  is  defective.  The  same  observers  concur  in  their 
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explanation  of  the  pale  colour  of  the  stools.  Bile  pigment  and  bile  acids, 
though  at  times  absent  (van  der  Scheer),  are  generally  present  and  recog- 
nisable, both  chemically  and  spectroscopically ; but  for  some  unknown 
reason  the  greater  part  of  the  bilirubin,  the  essential  colouring  agent  of 
normal  faeces,  has  uiwlergone  reduction  into  a colourless  substance,  the 
leucobilin  of  Nencki.  Bertrand  and  Fontan’s  observations  on  the  impli- 
cation of  the  pancreas  may  have  a bearing  on  this  question,  seeing 
that  hydrobilirubin,  the  cause  of  the  colour  of  healthy  f;eces  cannot, 
according  to  Walker,  l)e  produced  from  the  bile  without  the  aid  of  the 
secretion  of  the  pancreas. 

The  absorption  of  the  nitrogenous  elements  of  the  food  and  carbo- 
B hydrates,  though  defective,  is  not  nearly  so  much  so  as  in  the  case  of 
II  the  fats.  The  acidity  of  the  stomach  varies  in  different  cases  and  in 
b the  same  case  from  time  to  time ; in  some  cases  at  certain  times  there 

li  may  be  complete  achlorhvdria,  l)ut  it  cannot  be  said  that  there  is  any 

manifest  aTid  constant  coi’relation  between  the  general  symptoms  and  the 

(gastric  acidity. 

Pending  further  investigation  I regard  sprue,  etiologically,  as  a 
specific  disease  pi’cdisposed  to  by  the  influences  of  meteorological  con- 
|i  ditions  present  in  hot  countries  on  certain  constitutions ; furthej’,  I 
il  believe  that  in  many  instances  it  arises  without  other  and  moi'e  s})ecial 
1 1 predisposing  influences,  but  that  in  a large  jwoportion  of  cases  it  is 

H favoured  by  antecedent  pathological  conditions,  over  and  above  those 

I'  induced  b}^  climate  simply  ; chief  among  these  are  dysentery,  catarrhal 
I diarrhoea,  hepatic  disturbances,  and  other  inorbid  states,  more  particulaily 
I those  connected  with  the  alimentary  canal.  Pathologically,  I regard 
sprue  as  a morbid  j)rocess  specifically  distinct  from  true  dysenteiy,  and 
consisting  in  a specific,  chrotuc,  catarrhal  condition  of  all  or  part  of  the 
digestive  tract  which,  if  it  persist,  leads  in  time  to  necrotic  and  inflam- 
mator}"  processes  in  the  mucosa  ending  in  destruction  and  permanent  loss 
of  glandular  and  absorbent  structures,  and  so  to  what  in  a certain  sense 
might  be  called  ])hysiological  starvation. 

Symptoms. — Insidiousness,  chronicity,  improvement  and  relapse,  and 
slow  progress  on  the  whole  are  characteristic  of  the  evolution  of  this 
disease.  The  leading  symptoms,  when  it  is  thoroughly  established, 
are  ; — 

1.  Irregular  action  of  the  bowels. 

2.  The  passage  of  ])henomenally  copious,  pale,  drab-coloured,  yeasty- 
looking,  sickly-smelling  stools. 

3.  Tenderness  and  often  great  soreness  of  the  tongue,  buccal  mucous 
membrane,  fauces,  and  sometimes  of  the  gullet,  depending  on  a com- 
plexity of  surface  lesions  including  («)  denudation  of  the  epithelium  of 
the  mucous  membrane  generally  ; (A)  the  formation  of  minute  hei'pes- 
like  vesicles,  single  or  in  groups,  with  an  inHamed  areola,  Avhich  quickly 
rupture,  leaving  (c)  small,  superficial  but  exquisitely  tender,  ashen-grey 
erosions  or  ulcers ; {d)  larger,  inflamed,  bare,  slightly-eroded  ])atches, 
smooth  on  the  surface  usually,  or  with  a slight  muco-purulent  coveilng 


554 


SYSTEM  OF  MEDICINE 


where  in  contact  with  the  teeth — as  on  the  inside  of  the  cheeks  or 
lips ; often,  when  on  the  soft  palate,  they  are  markedly  granular,  prob- 
ably from  inflamed  follicles  ; (e)  congestion  and  swelling  of  the  fungiform 
lupilhe,  especially  about  the  tip  and  edges  of  the  tongue  ; (/)  superficial 
cracks  oir  the  dorsum  and  edges  of  the  tongue ; (y)  during  complete 
remission  of  the  acute  symptoms,  as  happens  occasionally  in  most  cases, 
an  atrophied  state  of  the  entire  body  of  the  tongue;  this  organ  then 
appears  pale  and  almost  cartilaginous,  with  a smooth,  glazed  surface  as  if 
coated  with  varnish,  and  completely  denuded  of  papillse. 

The  erosions  referred  to,  sometimes  amounting  to  superficial  ulceration 
and  much  sodden  by  the  constant  action  of  the  saliva,  are  most  frec|uently 
fouinl  under  the  tongue  by  the  sides  of  the  fiaenum,  inside  the  lips  and 
cheeks — especially  where  in  contact  with  the  teeth,  and  on  the  soft 
palate.  The  vesiculations  ending  in  the  minute  gre}’’  ulcers  are  com- 
monest about  the  tip  and  edges  of  the  tongue  ; they  come  out  in  successive 
crops.  Activity  of  both  of  these  lesions  is  usually  associated  with  in- 
crease of  diarrhcea.  In  severe  cases  what  I would  call  the  “ psilotic  ” 
condition  of  mucous  membrane  seems  to  extend  through  the  entire  length 
of  the  alimentary  canal,  affecting  the  pharynx,  oesophagus,  the  anus,  and, 
in  women,  even  the  vagina. 

4.  Dyspeptic  conditions  associated  with  the  formation  of  large 
quantities  of  intestinal  gas  and  acidit}'. 

5.  I^early  conjunctivse  ; a dry,  harsh,  earth}'-looking  skin  more  or 
less  deeply  pigmented. 

6.  General  wasting,  usually  including  marked  diminution  of  the  area 
of  hepatic  dulness. 

7.  Anremia  and  great  physical  and  intellectual  debility  ; and,  especi- 
ally in  the  axlvanced  stage,  cpierulousness  and  irritability  of  temper. 

If  we  inquire  into  the  history  of  a patient  presenting  these  sym[)toni.s, 
we  shall  probably  learn  that  he  has  been  ailing  for  sevei'al  months, 
perhaps  for  years  ; and  that  his  symptoms  began  in  one  of  three  vrays  : — ■ 
bf)  Insidiously  : he  will  tell  us  that  before  his  disease  definitely  declared 
itself  he  used,  without  apparent  reason,  to  be  troubled  with  soreness  of 
the  mouth,  attacks  of  flatulent  dyspepsia,  irregularitj’'  of  the  bowels,  and, 
especially,  a tendency  to  diarrhoea — often  of  })ale,  copious,  frothy  stools — ■ 
in  the  early  morning  or  during  the  forenoon.  By  degrees  such  attacks 
became  more  frequent,  the  mouth  ofteuer  sore,  and  the  dyspepsia  more 
troublesome.  Ultimately  this  state  became  permanent,  his  strength  and 
Hesh  began  to  decline,  and,  at  last,  a condition  of  confirmed  invalidism 
was  established.  (/;)  Suddenly : being  at  the  time  in  apparently  good 
health — possibly  after  exposure,  chill,  fatigue,  bad  water,  bad  food,  dietetic 
excess,  or  some  other  indiscretion — the  patient  was  suddenly  seized  with 
]n’ofuse  diarrhoea.  After  a time,  the  urgency  of  the  diarrhena  subsiding, 
a degree  of  looseness  and  irritability  of  the  bowels  was  left  and  became 
)icrmanent,  the  stools  gradually  losing  their  yellow  or  brown  colour  and 
becoming  pale  and  fermenting ; and  the  tongue,  fi-om  being  thickly 
coated,  being  at  first  abnormally  clean  with  a liability  to  the  formation 
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rvouml  the  edges  and  tip  of  small  painful  ulcers,  and,  ultimately,  taking 
. on  the  psilotic  character.  The  other  symptoms  of  confirmed  sprue  were 

■ gradually  and  simultaneously  evolved,  (c)  Secondarily : the  patient  had 

• suffered  from  well-marked  (lysentery,  which  had  merged  into  the  chronic 
t form,  attended  with  the  passage  of  three  or  four  ill-smelling,  mucoid, 

• slightl}'  bloody  stools  daily.  After  several  months  or,  perhaps  a year  or 
ttwo  of  this,  the  mouth  began  to  lose  its  natural  fur,  and  to  bo  bare  or 
t tender ; flatulent  dyspepsia  with  much  distension  after  eating  became 
t troublesome ; the  stools  got  more  massive,  paler,  yeasty-looking ; and, 

■ ultimately,  this  condition  becoming  chronic,  the  dysenteric  element  gradu- 
ally ceased  to  be  the  principal  feature  in  the  clinical  picture,  giving  ])lace 

tto  the  characteristic  symptoms  of  sprue. 

These  1 consider  to  be  the  principal  types  of  sprue.  There  are  others, 

: doubtless  ; the  various  combinations  and  degrees  of  severity  and  I'apidity 
in  the  development  of  the  leading  .symptoms  are  infinite.  From  what  I 
.can  gather,  I consider  that  in  China  the  foi'm  of  sprue  most  frequently 
! met  with  is  the  protopathic  form  ; in  Java  the  same  seems  to  be  the 
1 cjise ; but  in  Manila,  Cochin  China,  India,  Africa,  and  the  West  Indies  it 
' would  seem  that  in  a large  proportion  of  instances  the  disease  is  secondary 
I to  acute  catarrhal  enteritis,  to  dysentery,  or  to  the  affection  called  “ hill- 
I diarrhoea”  {ride  p.  567). 

Forms  of  imperfectl}'  developed  or  nascent  sprue  are  common  enough 
I in  the  tropics.  Sore  mouth,  with  or  without  morning  dianhoea  (some- 
I times  of  bilious  stools,  sometimes  of  pale  fermenting  stools),  is  a common 
; aflectiou  among  foreigners  in  tlie  East,  and,  if  ordinary  jwudence  be 
( exercised,  may  not  go  farther  or  seriously  affect  the  health.  Sometimes, 

: indeed,  tenderness  of  the  mouth,  burning  of  the  tongue  or  gullet  when 

■ sapid,  alcoholic,  or  pungent  foods  or  drinks  are  taken,  or,  perhaps,  minute 
blisters  followed  by  equally  minute  aphthoixs  idcers  giving  rise  to  actual 

P-  soreness  of  the  mouth,  are  the  only  symptoms  present,  even  in  cases  with 
li  cachectic  features.  I once  watched  a case  of  this  description  during 
r-  several  years.  The  patient  had  i-esided  for  many  years  in  the  tropics, 
i(  and  on  the  whole  had  enjoyed  good  health.  The  oidy  serious  exception  ■ 

• to  this  was  an  attack  of  dysentery  many  years  before  the  appearance  of 
I'  the  troubles  for  which  I was  consulted.  Ever  since  the  dysentery,  how- 
ever, attacks  of  sore  mouth  had  supervened  from  time  to  time,  being 
induced  more  particularly  by  nervous  shock  or  similar  physiological 
strains.  The  last  attack  had  been  unusually  severe  and  protracted,  and 
was  accompanied  by  great  wasting  of  a semi-cachectic  kind,  but  there  was 
no  diarrhoea.  It  was  only  by  careful  dieting  during  many  months  that 
the  psilotic  condition  of  the  mouth,  and  probably  of  the  stomach  and 
upper  part  of  the  alimentary  canal,  was  overcome,  and  the  general  state 
of  the  nutrition  improved.  Had  this  case  been  neglected  or  wrongly 
treated,  doubtless,  in  a very  few  months,  diarrhoea  of  pasty,  fermenting 
stools  would  have  supervened  and  ultimately  pa.ssed  into  confirmed 
sprue. 

Just  as  in  this  case,  although  the  tongue  lesion  was  very  well 
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marked,  diarrhoea  was  at  no  time  a feature  of  the  complaint ; so  in 
others,  as  pointed  out  by  Bertrand  and  Fontan,  diarrhoea  and  wasting  of 
a characteristic  type  may  exist,  and  yet  the  tongue  retain  its  epithelium 
and  be  free  from  the  erosions  and  inflamed  patches  so  typical  of  sprue. 
Indeed,  these  writers  seem  inclined  to  minimise  the  significance  of  the 
psilotic  condition  of  the  mucous  membrane  of  the  mouth  as  an  index  of 
the  condition  of  the  rem.ainder  of  the  alimentary  canal.  It  must  he 
admitted,  however,  that  the  morbid  process  in  this  disease  may  be  patchy 
in  its  distribution,  and  that  it  may  be  confined  to  the  lower  part  of  the 
bowel ; the  higher  part — of  which  the  tongue  more  particularly  serves  as 
an  index — remaining  healthy. 

In  many  cases  the  soreness  of  the  mouth  is  exceedingl}"  troublesome; 
only  the  very  blandest  fluids  can  be  tolerated.  Even  the  movements  of 
deglutition  may  be  excessively  painful,  yet  they  are  constantly  provoked 
by  the  salivation  induced  by  the  state  of  the  mouth.  In  other  cases  the 
mouth — especially  during  sleep — becomes  very  dry,  the  tongue  literally 
so  cleaving  to  the  roof  that  to  get  it  moistened  and  liberated  every 
morning  is  quite  an  operation.  Many  complain  bitterly  of  a feeling 
of  soreness  and  burning  in  the  chest,  always  aggravated  by  food, 
doubtless  depending  on  erosion  of  the  (esophageal  mucous  membrane. 
Hunger,  too,  sometimes  amounts  to  acute  suffering,  and,  as  with 
diabetics,  ma}'^  lead  to  strange  moral  perversion.s.  I have  seen  cases 
in  which  the  constant  craving  for  food  brought  on  a hysterical  con- 
dition in  which  the  patient,  provoked  by  some  savoury  smell  and 
throwing  prudence  to  the  Avinds,  rushed  to  table  and  indulged  indi.s- 
criminately  in  the  family  meal.  Thirst,  too,  may  be  a troublesome 
symptom.  So  may  be  distension  of  the  abdomen  from  flatus  and 
accumulated  food ; a smart  attack  of  diarrhoea  affords  welcome  relief  in 
such  cases.  Sleejdessness  is  often  complained  of.  In  sprue  the  tenipci'a- 
ture  is  below  normal,  and  the  patient’s  feet  are  often  painfully  cold ; just 
before  and  during  an  exacerl)ation  of  symptoms  there  may  be  a rise  of 
one  01'  two  degrees  in  the  body-temperature,  at  other  times  it  is  subnormal. 
As  the  disease  progresses  both  the  iiumber  and  A’alue  of  the  red  blood- 
corpuscles  diminish,  the  relative  proportion  of  the  white  increasing ; as 
recovery  sets  in  this  is  reA'ersed.  The  quantity  of  urine  passed  is  in  inverse 
proportion  to  the  diarrhoea. 

When  sprue  has  become  thoroughly  established,  unless  a proper 
course  of  treatment  be  adopted  and  persevered  in  for  months  or  perha])s 
years,  the  disease  as  a rule  becomes  gradually  Avorse, — sloAvly,  it  may  be, 
but  on  the  Avhole  none  the  less  surel3^  Temporary  improvements  are 
followed  by  relapses  ; the  slightest  dietetic  indulgence,  exposure  to  Avet  or 
cold,  fatigue,  mental  depression,  and  such  like  occurrences,  are  nearly  sure 
to  l*riiig  about  a fresh  attack  of  diarrhoea  and  an  aggraAuition  of  the  month 
.symptoms.  So  the  case  gi-adually  goes  from  bacl  to  Avorse,  emaciation 
becomes  extreme,  and  the  dusky,  dry,  uidiealthy,  earthy-looking  skin 
hangs  in  loose  folds  on  a skeleton  every  bone  of  which  can  be  counted. 
The  belly,  Avhich  on  palpation  feels  soft  and  doughy,  as  if  the  abdominal 
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M’ull  -were  tibnormally  thin  and  toneless,  alone  is  filled  out ; it  is  generally 
ballooned  by  accumulated  gases,  and  the  gurgling  and  movement  of  gas  and 
fluid  can  be  seen,  heard,  and  felt.  The  liver,  in  harmony  with  the  wasting 
of  the  rest  of  the  body,  is  shrunk  to  abnormally  small  dimensions.  Some- 
times a trace  of  albumin  may  appear  in  the  urine.  Finally  the  mouth 
becomes  covered  with  mycotic  thrush,  feet  and  ankles  SAvell,  and  the 
patient,  if  not  suddenly  killed  by  an  attack  of  choleraic  diarrhtt'a  or 
other  intercurrent  acute  disease,  dies  slowly  of  starvation. 

Should  proper  treatment  be  adopted  in  time  and  before  the  mucous 
membrane  has  been  so  extensively  destroA'ed  as  to  be  unfit  for  digestion, 
and  should  the  patient  have  not  yet  entered  upon  the  vicious  ])athological 
circle  described  above,  the  diarrhoea  Avill  cease,  and  the  psilotic  state  of 
the  mouth  subside,  to  recur  in  milder  form  and  at  longer  intervals  until 
it  disappears  for  good,  and  the  stools  will  gradually  regain  their  proper 
colour — at  first,  perhaps,  in  a fitful  sort  of  Avay,  one  part  of  a motion 
being  properly  coloured  Avhilst  the  remainder  is  still  pale.  By  degrees 
the  j)atient  gains  flesh,  and,  finally,  when  he  recovers  the  power  of 
digesting  a faii'ly  liberal  diet,  his  muscular  and  intellectual  poAvers  Avill 
be  restored.  For  a long  time,  however,  looseness  of  the  boAvels,  slightly 
sore  mouth,  and  flatulent  dyspepsia  may  recur  on  the  smallest  provoca- 
tion— symptoms  sheAving  that  the  disease,  although  apparently  cured,  is 
only  slumbering. 

Occasionally  it  happens  that  careful  treatment,  by  checking  the  more 
uigent  symptoms,  gives  rise  to  a deceptive  arrest  of  the  disease ; the 
soreness  of  the  mouth  ceases  to  recur,  and  diarrhma  is  in  abeyance. 
NotAvithstanding  thi.s,  nutrition  does  not  improve ; the  food  the  patient 
takes  adds  nothing  to  his  Aveight  or  strength,  both  of  Avhich  gradually 
decline,  Avithout  any  very  manifest  reason,  as  in  diseases  like  cancer  or 
pernicious  anaemia.  In  all  such  cases  it  Avill  be  found  that  the  stools  are 
abnoi'mally  large.  Doubtless  too  large  an  extent  of  mucous  surface  has 
been  irretrievably  destroyed,  and  absorption  does  not  balance  AA^aste. 
In  such  a case  the  right  treatment  has  come  too  late. 

Treatment. — This  is  mainly  dietetic  and  hygienic.  If  carried  out 
intelligently  by  the  physician  and  conscientiously  by  the  patient,  and  if 
instituted  at  a sufficiently  early  period  of  the  disease,  it  is  generally 
marvellously  successful.  On  the  other  hand,  if  treatment  be  Avrongl}^ 
directed,  carried  out  in  a half-hearted  Avay,  or  too  long  postponed, 
recovery  becomes  an  impossibility. 

In  prescribing  a treatment  for  a case  of  si)rue,  the  pathological 
condition  of  the  boAvel  must  ahvays  be  present  to  the  physician’s  mind  ■, 
he  must  never  forget  the  eroded  and  tender  mucous  membrane,  the 
deficiency  of  glandular  structure  and  villi,  and  the  liability  of  food  in 
excess  of  the  digestive  and  absorbing  capacity  to  decompose  and  irritate. 
The  indications  demanded  by  these  things  are  clear  and  distinct.  Thej’^ 
arc,  first,  to  place  the  inflamed  gut,  so  far  as  is  possible,  in  a state  of 
physiological  rest ; secondly,  to  supply  a food  of  as  bland  a nature  as 
possible ; and,  thirdly,  a rpiantity  of  food  no  greater  than  can  be  dis- 
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posed  of  by  the  digestive  juices  and  absorbing  ajrparatus.  For  the  fultil- 
nient  of  these  indications  what  is  known  as  the  ‘‘  milk  treatment  ” is 
incomparably  the  best. 

When  a diagnosis  of  sprue  has  been  arrived  at,  it  becomes  the  duty 
of  the  physician  to  endeavour  to  secure  the  co-operation  of  his  patient  by 
impressing  upon  him  the  great  danger  of  procrastination,  the  deadly  and 
insidious  nature  of  the  malady  if  neglected,  the  coinjiarative  certainty  of 
recovery  if  promptly  attended  to.  The  conviction  of  the  patient  in  this 
sense,  and  his  or  her  hearty  and  intelligent  co-operation,  are  the  first  and 
most  necessary  steps  towards  a cure.  Few,  unless  they  have  had  actual 
experience  of  these  cases,  can  understand  the  importance  of  the  moral 
element  in  their  management.  Next  in  im[)ortance  to  this  is  the  acquisi- 
tion of  a thorough  knowledge  of  what  the  patient’s  alimentary  canal  can 
and  cannot  do.  This  knowledge  can  be  gained  only  by  a daily  visit  to 
the  patient,  and  a daily  insjjection  of  the  stools  ; and  these  dailj'-  visits 
and  inspections  should  be  kept  up  until  the  slow  process  of  regenerati<ju 
of  mucous  membrane  has  well  set  in,  and  the  patient  has  become 
thoroughly  educated  in  his  own  management.  Them  must  be  no 
temporising,  and  in  the  event  of  relapse,  no  matter  how  trifling  appar- 
ently in  character,  there  ought  to  be  no  hesitation  in  harking  back  at 
once  to  special  diet.  To  some  readers  it  may  seem  a matter  of  super- 
erogation to  write  of  these  things ; but  they  are  really,  though  so  simple 
and  self-evident,  among  those  simple  and  self-evident  things  which,  though 
of  prime  importance,  are  so  generally  overlooked  and  neglected. 

When  a patieiit  has  consented  to  undeigo  the  milk  treatment  for 
sprue  he  ought  to  have  clear  directions  how  this  is  to  be  carried  out. 
These  directions  are  best  given  in  writing,  somewhat  as  follows  : — 

1st,  Clothe  warmly  in  flannel.  If  diarrluea  be  active  go  to  bed  in  a 
warm  room,  and  remain  in  bed  until  the  stools  become  solid. 

2nd,  Place  a pad  of  cotton  over  the  abdomen,  keeping  it  in  position 
by  a broad  flannel  bandage  somewhat  firmly  applied. 

3rd,  Stop  all  food  and  drink  with  the  exception  of  three  pints  <jf 
milk  j)er  diem,  the  milk  being  taken  in  divided  doses  at  inter- 
vals of  one,  two,  or  three  houi-s,  allowance  being  made  for  a 
reasonable  amount  of  undisturbed  sleeji. 

-1th,  The  milk,  warmed  in  cold  weather,  must  not  be  drunk,  but 
sipped  with  a teaspoon  or  sucked  from  a feeding-bottle. 

It  is  generally  desirable  to  commence  the  treatment  with  a teaspoonful 
of  castor  oil,  and  to  repeat  this  for  a time  about  once  or  twice  a week,  or 
whenever  the  stools  become  co23ious,  frothy,  or  stinking. 

As  a consequence  of  this  treatment,  even  in  cases  in  which  diarrhcea 
has  been  present  for  months  or  even  years,  the  motions  gradually  diminish 
in  number  and  amount,  and  increase  in  consistency.  Usually  before  a 
week  has  passed  they  become  solid ; at  the  same  time  the  soreness  of  the 
mouth  diminishes,  and  the  feelings  of  dyspeptic  discomfort  vanish.  If, 
however,  after  two  or  three  days  there  be  no  improvement  in  the  diar- 
rhoea, tlie  quantity  of  milk  must  be  diminished  by  ten  ounces  a day  until 
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. n niiuinmm  of  'lb  ounces  is  tuken.  Of  course  this  is  stiirvatioii  diet;  it 
imust  not  be  persisted  iu  too  lo)ig,  and  the  ])atieiit  must  be  kept  at 
; absolute  rest,  and  carefully  watched  and  tended  by  an  intelligent  nurse. 

After  the  motions  have  become  solid,  and  have  so  remained  for  three 
I or  four  days,  the  allowance  of  milk  is  increased  by  ten  ounces  daily  until 
100  to  150  ounces  are  consumed.  Should  the  motions  at  an}’  time 
become  loose,  this  must  be  looked  upon  as  an  indication  that  more  milk 
is  being  swallowed  than  can  be  disposed  of ; the  daily  Cjuantity  must 
therefore  be  correspondingly  reduced,  by  half  a pint  at  a time,  until  the 
stools  again  become  solid.  It  should  then,  after  three  or  four  days,  be 
cautiously  increased  once  more. 

By  following  this  system,  in  nine  cases  out  of  ten  the  improvement  is 
marvellous.  Not  only  does  the  diarrhoea  cease,  but  the  dys])eptic  troubles 
subside,  the  soreness  of  the  mouth  and  gullet  disappears,  and  the  patient\s 
condition  improves  in  e^’ery  respect.  There  may  even  be  a gain  in  weight 
when  the  allowance  of  milk  has  risen  to  five  or  six  pints.  But,  ai’rivcd  at 
this  stage,  the  troubles  of  the  physician  begin.  The  patient  is  very  hungry 
and  clamours  incessantly  for  moi-e  substantial  food.  The  friends,  too, 
importune  on  his  behalf,  and  often  do  not  hesitate  to  accuse  the 
jdiysician  of  starving  his  patient.  All  this  must  be  steadfastly  resistetl, 
however,  and  for  at  least  a month— better  for  six  weeks- — the  only 
answer  to  the  incessant  demands  for  more  nourishment  must  be,  “Milk 
only— nothing  but  milk.”  If  the  physician  be  so  weak  as  to  concede 
something  prematurely  he  is  pretty  sure  to  regret  it.  Additional  diet 
too  soon  begun  means  recurrence  of  diarrhoea,  sore  mouth,  renewed 
wasting,  loss  of  time,  and,  perhaps,  loss  of  the  last  chance  of  I'ecoveTy. 

When  procurable,  an  important  and  often  most  effective  additioTi  to 
the  milk  is  strawberries.  I have  now  many  times  seen  theii'  liberal  use 
bring  about  the  cure  of  what  a])2)cared  to  be  almost  hopeless  cases.  1 
have  very  seldom  seen  them  disagree,  'hhey  sometimes  act  so  promptly 
as  to  suggest  specific  virtues.  In  every  case  they  should  receive  a trial. 
The  safest  plan  is  to  begin  with  three  or  four  with  each  feed  of  milk.  If 
found  to  agree  as  much  as  three  or  four  pounds  may  be  consumed  in  the 
twenty-four  hours.  The  introduction  of  the  strawberry  I regard  as  the 
7uost  important  practical  advance  in  the  treatment  of  sprue  since  the 
formulation  of  the  milk  treatment. 

Experience,  and  one  or  two  trials  carefully  made,  will  tell  us  when  to 
begin  to  improve  the  diet.  An  egg  beaten  up  Mu’th  milk  may  be  tiled  in 
the  first  instance,  and,  if  found  to  agree,  made  a permanent  addition  to 
the  daily  allowance  of  milk.  Then  some  well-boiled  arrowroot  or  corn- 
starch, or  plain  rusks,  or  plain  biscuits,  or  some  other  simple  form  of 
farinaceous  food  may  be  carefully  introduced.  Bread  is  not  well  borne 
unless  in  the  shape  of  bread  and  milk.  Bananas  or  apples  I have  found 
to  be  well  borne,  and  are  often  a very  acceptable  addition  to  tlie  dietary^; 
they  must  be  given  tentatively  at  first,  and  only  in  very  small  quantity, 
and  be  thoroughly  masticated.  If  they  are  well  borne,  after  a time  as 
many  as  five  or  six  may  be  taken  daily.  Then  chicken  broth  may  be 
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added  in  small  quantities ; afterwards  fish,  chicken,  potatoes,  sweet- 
breads, and  so  on.  Beef  and  mutton,  hot  soups,  fibrous  vegetables,  nuts, 
pastry,  etc.  are  very  badly  borne,  even  for  years  after  all  .symptoms  of 
sprue  have  subsided,  and  it  is  frequently  necessary  in  such  patients  to 
interdict  their  use  altogether. 

Biiring  convalescence,  and  for  a long  time  thereafter,  the  patient 
ought  to  1)6  instructed  that  on  the  slightest  recurrence  of  sore  mouth, 
or  of  the  familiar  feeling  of  dyspeptic  discomfort,  or  of  bulky,  stinking 
stools,  he  should  at  once  act  on  the  hint,  take  a teasjioonful  dose  of  castor 
oil  or  of  compound  rhubarb  powder,  starve  for  some  hours,  and  then  go 
on  milk  for  a day  or  two,  until  the  threatening  attack  of  muco-enteiitis 
has  quite  subsided.  He  can  then  resume  his  former  diet.  Prompt  treat- 
ment of  this  sort  on  the  threat  of  relapse  saves  weeks  of  discomfort,  and 
[)erhaps  averts  a serious  recurrence  of  illness. 

Until  the  patient  is  taking  at  least  a hundi'ed  ounces  of  milk  a day 
he  ought  to  keep  his  bed.  Afterwards,  when  he  gets  up,  he  must  be 
careful  to  clothe  very  warmly,  to  avoid  cold,  damp,  fatigue,  excitement, 
and  everything  leading  to  physiological  strain  of  any  description.  Getting 
wet  or  feeling  cold  is  most  prejudicial  to  such  patients  ; accordingly,  when 
the  winter  comes  round,  he  should,  if  possible,  move  to  some  warm  and 
sheltered  place  in  the  south  of  England  or  to  the  Riviera. 

As  regards  drugs,  my  own  experience  has  been  that  they  are  very 
secondary  matters,  and,  with  the  exceptions  I have  mentioned,  may  gener- 
ally be  dispensed  with.  If  there  be  special  indications,  such  as  malarial 
fever  or  cachexia,  appropriate  drugs,  such  as  quinine,  may  be  demanded. 
When  diarrhcea  is  very  brisk,  so  that  it  is  to  be  presumed  that  the 
violent  peristalsis  of  the  gut  is  interfering  with  any  healing  process  that 
may  be  going  on,  then  a few  small  doses  of  laudanum  or  of  Hover’s 
powder  may  be  given ; but  it  is  a very  great  mistake  to  try  to  shut  up 
the  bowel  altogether  by  sedatives  or  astringents.  The  gut  should  be 
regarded  in  the  light  of  a surgical  drainage-tube  to  be  kept  patent ; 
the  retention  of  a mass  of  putrefying  material  in  the  abdomen  cannot 
possibly  be  of  any  advantage  in  the  long  run,  or  in  any  way  conduce  to 
recover}". 

It  sometimes  happens  that  after  a week  or  two  of  careful  milk 
dieting,  the  stools,  although  diminished  in  number,  fluidity,  and  quantity, 
are  still  deficient  in  consistency  and  unformed.  Diarrhcea,  in  the  usual 
sense  of  the  word,  has  ceased ; but  the  complete  dehydration  of  the 
motions  by  the  last  part  of  the  alimentary  canal  is  not  thoroughly 
effected ; apparently  there  still  remains  a mild  chronic  catarrh  of  the 
colon.  In  this  case  a dose  of  laudanum  is  sometimes  followed  by  solid 
stools.  If  this  fail  I recommend  the  injection  per  anum  through  a long 
tube  (after  washing  out  the  bowel  with  warm  water)  of  forty  ounces  of 
nitrate  of  silver  solution — one-half  to  one  grain  to  the  ounce  of  tepid 
distilled  water.  This  is  often  followed  by  solid  stools.  It  is  of  no  use, 
however,  to  give  laudanum  or  to  wash  out  the  bowel  in  tliis  way  until 
there  has  been  at  least  a fortnight  of  careful  dieting.  W^hen  the  stools 


SPRUE 


are  very  loose  and  wateiy  it  tloes  no  good  ; properly  timed,  these  measures 
are  very  often  successful. 

Much  suffering  is  frequently  caused  by  the  raw  state  of  the  mouth. 
To  mitigate  this  as  much  as  possible  the  mouth  should  be  rinsed  out, 
every  time  after  taking  milk,  with  water  or  a weak  solution  of  borax. 
Touching  the  painful  spots  Avith  a 5 per  cent  solution  of  cocaine,  oi’  with 
solid  nitrate  of  silver  or  sulphate  of  copper,  gives  relief.  1 have  found 
the  following  mouth-wash  useful  in  such  circumstances : — 01.  creosoti 

8,  Tinct.  pyrethri  drs.  4,  Tinct.  myrrhte  drs.  2,  Tinct.  kramcike 
drs.  2,  Aq.  camphoraj  to  ounces  8 ; a teaspoonful  in  one  or  tAvo  Avine- 
glassfuls  of  AA’ater. 

When  patients  must  have  a mixture,  the  folloAving,  recommended  by 
I’hin,  may  be  prescribed: — Magnes.  sulph.  grs.  8,  Tinct.  rhei  ]]{  10, 
Syrup,  zingib.  10,  Aq.  dr.  1,  to  be  taken  three  times  a day.  1 have 
seen  no  good,  but  rather  the  reverse,  from  bismuth,  oxide  of  zinc,  acetate 
of  lead,  nitrate  of  silver,  sulphate  of  copper,  and  the  vegetable  astringents 
and  similar  remedies  designed  to  act  as  sedatives  or  astringents.  It  is 
possible  that  carbolic  acid,  salol,  naphthol,  cyllin,  and  similar  antiseptics 
may  be  of  service,  but  I have  no  specially  favourable  experience  of  their 
use  in  these  cases.  When  diarrhoea  has  ceased,  -nux  A'omica  may  be 
given.  I use  often  Avith  advantage  in  these  cases  injectio  ferri  arseni- 
atis  hypoderm.  (Squire)  in  15-minim  doses  every  second  or  third  day. 
Fresh  bael  fruit  is  gi-eatly  extolled  by  Sir  J.  Fayrer,  and  is  much 
employed  in  India  in  these  and  kindred  cases.  I haA'e  seen  no  benefit 
trom  the  official  extract. 

Constipation  should  be  systematically  relieved  by  enemas  of  Avarm 
Avater,  or,  better-,  of  linseed  tea,  or  Aveak  barley  or  rice  Avater. 

In  cases  of  dysenter-ic  origin,  after  milk  diet  has  been  thoroirghly 
carr-ied  oirt  for  a fortiright  Avith  jiartial  success,  nitrate  of  silver  errenras, 
as  just  described,  may  be  reqrrir-ed.  Sometimes  irr  such  cases  I have 
foirird  berrefit  from  decoction  of  simaruba.^  Irr  the  debilitated  corrditiorr 
' of  sprue  patients  ipecacirardra  is  not  to  be  recommended. 

Alcoholic  stimulants,  as  a rule,  do  harm.  If  cirertnr stances  seem  to 
make  their  use  desirable  they  may  be  given  Avell  diluted,  their  effects  on 
the  motions  being  car-efirlly  Avatched. 

It  sometimes  happens  that  although  the  digestive  poAAmrs  arc  equal 
to  the  di.sposal  of  50  or  60  orrnces  of  milk  per  diem,  they  are  unable  to 

' Tliis  drug  has  for  many  years  been  neglected  in  the  treatment  of  ilysentery,  at  all  events 
1 by  Engli.sh  practitioners.  It  undoubtedly  possesses  anti-ilysenteric  virtues  of  a high  order, 

I and  is  used  very  exteiisivelj-  ami  successfullj-  by  ii'regular  practitioners  in  the  East,  in  the 
I chronic  forms  of  this  disease.  The  otticial  prejiaration  is  much  too  weak  and  tlie  dose  too 
I small.  In  the  East  much  larger  doses  are  used.  One  method  of  jireparing  and  using  it 
' Avhich  1 have  .seen  in  vogue  is  as  follows  : — Simaruba,  2 ounces,  divide  into  four  equal  jiarts, 

I simmer  one  portion  in  an  earthenware  pot  in  a pint  and  a half  of  water  for  three  hour.s,  strain. 

Let  the  patient  remain  in  bed  and  drink  this  decoction  on  an  empty  stomach  every  second 
I morning  for  four  times.  The  food  must  be  very  plain  and  consist  princi))ally  of  milk  and 
farinaceous  stutfs.  Another  method  of  i)reparation  is  to  boil  an  ounce  of  simaruba  in  twelve 
ounces  of  water  till  reduced  to  seven  drachms,  .strain  ; to  this  is  added  one  drachm  of  s})irit. 
Of  this  preparation — which  is  made  in  an  enamelled  vessel — a chihl  may  take  one-lourth 
1 part,  an  adult  the  whole.  The  dose  should  be  taken  every  night  for  four  nights. 
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cope  with  a larger  quantity,  a few  additional  ounces  bringing  on  diar- 
rhoea. In  such  cases  nutrient  enemas  should  for  a time  supplement 
feeding  by  the  mouth ; indeed,  in  every  case  in  which  the  rectum 
tolerates  their  presence  nutrient  enemas  may  be  given  with  advantage. 
Sometimes  only  a very  small  and  utterly  inadequate  amount  of  milk  can 
l)e  1)orne.  In  some  of  these  cases  aerated  milk  or  koumiss  agrees  better. 
There  is  also  a class  of  case  in  which  the  power  to  absorb  fluid  in  any 
larger  quantity  is  in  abeyance  ; in  these,  by  thickening  a small  quantity 
of  fresh  milk  with  condensed  milk  or  some  fonn  of  desiccated  milk,  or  by 
evaporating  in  shallow  dishes  and  at  a low  temperature  a portion  of  the 
water  in  fresh  milk,  the  requisite  amount  of  nourishment  may  be  intro- 
duced without  increasing  the  bulk  of  fluid. 

Before  leaving  the  subject  of  the  milk  treatment  of  sprue  1 would 
repeat  that  it  must  be  thorough.  I have  seen  cases  in  which  the  addition 
of  a biscuit  or  a rusk,  or,  worse  than  these,  of  bread,  interfered  with  its 
success,  and  in  which  the  withdrawal  of  these  “ extras  ” was  very  speedily 
followed  by  solid  motions  and  improved  mouth.  I would  also  impress 
ixpon  my  readers  the  importance  of  securing  a supply  of  pure  milk  for 
these  patients.  A little  lime-water,  or  bicarbonate  of  soda,  or  a pinch  of 
table  salt,  may  be  added  to  the  milk  with  advantage  ; but  such  substances 
as  boracic  acid — so  frequently  employed  in  London  by  dealers  in  milk 
during  hot  weather — are  exceedingly  dangerous.  I once  saw  a case 
nearly  lost  in  this  way.  If  milk  is  to  be  the  only  food  no  trouble  should 
be  spared  to  see  that  it  is  thoroughly  good. 

If  after  a thorough  trial  of  milk,  say  for  a fortnight,  there  is  no  sign 
of  improvement,  what  is  to  be  done  % As  regards  feeding,  experiment 
must  be  made  in  one  direction  after  another  to  try  whether  haply  some 
food  or  combination  of  foods  can  be  found  which  will  agree.  Peptonised 
food,  malted  foods,  or  some  of  the  many  preparations  of  this  description 
on  the  market  may  be  tried.  Fresh  meat-juice,  scraped  beef,  white  of 
egg,  pounded  chicken,  thoroughly  cooked  arrowroot,  corn-starch,  decoc- 
tion of  scorched  rice,  have  all  been  of  service  ; but  my  experience  on  the 
whole  has  been,  that  where  the  milk  or  milk  and  fruit  treatment  has 
been  thoroughly  carried  out  and  has  failed  no  other  treatment  has 
succeeded. 

Dr.  Neil  Macleod  of  Shanghai  has  favoured  me  with  the  following 
note  on  the  treatment  of  certain  cases  of  sprue  : — 

It  is  unquestionably  the  physician’s  first  duty  to  resort  to  milk — -milk  alone 
— in  dealing  with  this  disease ; in  nine  cases  out  of  ten,  if  it  is  not  too  far 
advanced,  a successful  result  will  be  obtained.  There  are,  however,  certain 
cases  where  with  milk,  though  tried  in  various  forms,  the  stools  continue 
copious,  loose,  and  offensive,  and  the  patient  will  insist,  and  it  would  appear  as 
if  it  were  the  case,  that  the  milk  makes  matters  worse.  Flatulent  abdominal 
distension  is  complained  of  and  discomfort  is  obvious.  In  such  cases  a complete 
withdrawal  of  milk  and  the  substitution  of  fresh  beef-juice  is  well  worthy  of  a 
trial.  The  quantity  obtained  by  squeezing  one  pound  of  good  beef-steak,  cleared 
of  fat  and  underdone,  should  be  given  every  two  hours  for  seven  or  eight  doses 
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daily.  The  addition  of  salt  and  a very  little  pepper  reiidens  it  more  palatable. 
Here,  a.s  with  the  milk,  a careful  watch  of  the  daily  quantity  and  (luality  of  the 
.Stools  is  absolutely  necessary  to  judge  of  the  elfect  of  treatment.  Within  forty- 
eight  hours  the  distension  and  discomfort  will  have  disappeared.  The  stools, 
now  become  black,  will  be  watery  for  a time  with  minute  shreds  dis])ersed 
throughout.  If  improvement  continue  the  shreds  will  disappear,  and,  in 
favourable  cases,  the  stool  may  be  of  the  consistence  of  thin  treacle,  becoming 
gradually  thicker,  till  in  the  second  week  a porridgy  consistency  ma}"  be 
attained.  If  the  patient  feels  hungry  and  dissatisfied  with  the  juice,  a half- 
slice of  crisi>  toast,  thin  as  thick  cardboard,  may  be  given  with  each  dose,  in 
which  case  the  stools  will  be  brown  instead  of  black.  The  toast  should  be 
given  only  if  the  patient  desires  it,  and  this  is  usually  the  case.  On  this  diet, 
with  water  to  assuage  thirst,  occasionally  a formed  stool  may  occur.  At  the 
end  of  the  second  week  a piece  of  underdone  beef-steak  free  from  fat  may  be 
given  and  must  be  well  masticated.  If  the  stool  keep  its  favourable  character 
as  to  consistence  and  quantity,  a mutton  chop  without  the  fat  may  be  substi- 
tuted. After  a few  days  an  egg  or  bread  and  butter  may  be  added.  One 
thing  at  a time  only  should  be  added,  and  the  result  tested  by  watching  the 
effect  on  the  consistence  and  quantity  of  the  stools.  As  in  the  case  of  the  milk, 
there  must  be  no  hesitation  in  harking  back  when  indications  present  themselves, 
these  indications  being  thinning  of  stools,  increase  of  quantity,  and  specially 
offensive  odour,  or  any  of  these.  Starchy  puddings  may  ne.\t  be  added,  and 
having  got  so  far  a ctip  or  two  of  milk  daily  may  now  be  tried.  It  must  be 
i-emembered  that  meat  stools  are  more  offensive  than  milk  ones. 

Occasionally  a combination  of  the  milk  and  meat  treatments  succeeds. 
For  example,  for  five  or  six  days  of  the  week  the  diet  may  be  exclusively 
milk,  and  for  one  or  two  days  exclusively  meat.  Meat  and  milk  should 
not  be  taken  at  the  same  meal. 

If  eveiy  effort  to  check  the  diarrhoea  or  to  improve  the  assimilation 
be  defeated,  perhaps  it  is  the  wisest  course  to  accept  the  inevitable,  and 
to  prescribe  a diet  and  a treatment  most  in  keeping  with  the  wishes  and 
comfort  of  the  patient.  We  occasionally  read  of  wonderful  recoveries  on 
li'  a mixed  diet  even  of  coarse  fare.  It  is  sometimes  possible  to  continue 

|!  the  milk  diet  too  long,  and  it  may  happen  that  after  a time  a certain 

\ freedom  in  the  matter  of  food  will  be  followed  by  improvement.  Care 

f should  be  taken  to  restrict  the  amount  of  food.  This  is  most  important ; 

sprue  ])atients  should  always  feel  hungry. 

' Recently  Dr.  Begg  (b7),  "who  appears  to  have  seen  much  of  this 

disease  in  Hankow,  China,  says  he  has  found  in  santonin  almost  a .specific 
t for  sprue.  He  places  the  patient  in  bed,  and,  after  a dose  of  castor  oil 
' and,  if  necessary,  a large  enema  of  warm  water,  gives  five-grain  doses  of 

I yellow  santonin  dissolved  in  a teaspoonful  of  olive  oil  every  night  or 

morning  for  six  times.  He  insists  that  the  santonin  shall  be  yellow 
santonin  ; white  santonin  he  has  found  to  be  less  effectual.  The  diet,  at 
first  of  milk,  is  gradually  improved  as  the  powers  of  digestion  return. 
He  states  that  by  this  treatment  he  has  cured  many  cases  in  which  the 
milk  treatment  had  failed,  and  also,  he  says,  the  yellow  santonin  treat- 
ment has  the  further  advantage  of  being  more  permanent  in  its  results 
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iuid  occupying  a much  shorter  time.  I have  tried  this  method  in  a con- 
siderable number  of  cases ; my  experience  has  not  been  favourable. 

Another  system  of  treatment  deserving  further  investigation  is  that 
known  as  the  “fruit  cure”  or  “grape  cure.”  Van  der  Burg  recommends 
it  very  strongly.  In  carrying  out  this  system  of  treatment  the  diet  must 
consist  entirely  of  fruit,  such  fruits  being  selected  as  are  pulpy  and  free 
from  coarse  seeds,  fibres,  aiid  excessive  acidity.  Fresh  or  tinned  apples, 
l>ears,  peaches,  apricots,  strawlierries,  grapes,  cucumbers,  mulberries,  mango- 
steens,  lichis,  lungans,  rambutans,  melons,  gourds,  are  some  of  the  fruits 
van  der  Burg  recommends.  The  juice  of  oranges  and  pumelos  he  permits, 
but  pineapples  he  interdicts.  I have  never  employed  this  treatment  to 
the  exclusion  of  milk  altogether,  but  van  der  Burg,  who  had  a very  large 
experience  of  sprue  in  Java,  is  enthusiastic  in  its  praise,  and  cites  several 
cases  in  which  it  proved  highly  successful.  He  says  ; “ I need  hardly 
say  that  some  courage  is  required  to  enter  on  this  course,  especially  when 
diarrhma  is  a prominent  symptom  ; but  the  good  results  obtained  by 
others  and  myself  amply  justify  the  treatment.” 

The  subjects  of  well-mai-ked  sprue  in  the  tropics  ought  to  be  sent  to 
Europe  as  soon  as  possil)le,  and  should  not  return  until  they  have  passed 
at  least  one  hot  season  in  a cool  climate,  or  until  their  symptoms  are 
thoroughly  in  abeyance,  and  they  can  partake  of  ordinary  food  with 
impunity,  and  are  in  a satisfactory  state  of  nutrition. 

Before  sending  the  patient  on  board  ship  an  effort  ought  to  be  made 
to  chock  the  more  active  symptoms ; on  no  account  slionld  a patient  be 
sent  to  endure  the  miseries  of  a long  sea-voyage  when  in  a dying  con- 
dition. Before  being  shipped  careful  instructions  as  to  diet  should  be 
given,  and  the  patient  educated  in  the  use  of  milk  ; sterili-sed  milk,  or  at 
all  events  preserved  milk,  can  always  be  procured  on  board  ship,  and  makes 
a very  fair  sulistitute  for  the  fresh  article  when  this  cannot  be  obtained. 
Hreat  care  must  be  exercised  during  bad  Aveather,  especially  during  the 
extreme  heat  of  the  lied  Sea,  and  suitable  clotliing  must  be  provided  and 
kept  in  readiness  to  meet  the  .somewhat  sudden  ti'ansition  from  tropical 
heat  to  the  piercing  cold  of  the  Mediterranean  and  Atlantic  in  winter. 

As  may  readily  lie  imagined,  a chronic  disease  like  sprue  has  been  a 
fi'uitful  field  for  the  quack.  His  failures,  of  course,  are  frecpient,  but 
there  can  be  little  doubt  that  many  cases  of  this  disease  have  been  cured 
by  what  I may  call  unorthodo.x  methods.  Van  der  Burg  mentions  a 
tmmber  of  drugs  and  nostrums  used  in  Java  by  a class  of  charlatans  who 
profess  to  bo  “ sprue  doctors  ” ; in  China,  also,  there  are  such  people ; 
one,  in  particular,  acquired  a great  reputation  in  Shanghai  and  Avas 
extensively  pati  onised.  His  “ cure  ” consisted  in  dosing  Avith  castor  oil 
or  other  purgative  for  several  days  in  succession — perhaps  for  a Aveek — 
feeding  the  patient,  the  Avhile  on  milk.  He  then  administered  an  aro- 
matic tincture — possibly  of  simaruba  Avith  opium — along  Avith  about  a 
dessert-spoonful  of  a Avhite  poAvder  containing  a large  proportion  of  car- 
lionate  of  lime — possibly  cuttle-fish  bone  or  crabs’  eyes  finely  poAvdered. 
On  alternate  days  Avith  the  tincture  and  the  poAvder  he  gave  more  castor 
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oil.  Ueiierallv  in  a week  or  ten  days  lie  allowed  his  patient  beef-steak 
and  potatoes  in  small  quantity,  and  then  gradually  permitted  them  to 
return  to  ordinary  diet.  1 have  personal  knowledge  of  at  least  two  long- 
standing and  severe  cases  of  sprue  who  declare  themselves  cured  by  this 
man,  and  who  now  say  they  are  quite  well  and  able  to  eat  and  drink  like 
other  people.  This  man  said  the  object  of  his  treatment  Avas  to  remove 
by  means  of  the  castor  oil  and  massive  powder  the  slime  Avhich,  as  he 
very  correctly  said,  coats  the  gut. 

I’ATHU'K  iM ANSON. 
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HILL  DIARIUKEA 

P.y  Coi..  Kennktii  Macleod.  Jl.D.,  LL.D. 

L)  Definition. — Looseness  of  the  bowels  occurring  in  persons  arriving 
li  from  the  plains  at  elevated  places  in  tropical  and  subtropical  countries. 
1 The  motions  which  are  passed  in  the  early  hours  of  the  day  are  light  in 
colour,  copious,  frothy,  and  liquid  or  pultaceous.  Flatulent  dyspepsia, 
anorexia,  and  lassitude  are  essential  concomitants.  The  afl’ection  is  not 
<t{  lasting  or  fatal  if  proper  precautions  be  taken,  but  is  apt  to  I'elapse,  or 
il  become  chronic,  or  to  result  in  an  attack  of  siiruo  with  serious  consequences 
«j  to  health  and  life. 

Etiology. — This  form  of  tropical  diarrhoea,  or  DiarrJimi  alha,  has 
4 attracted  most  attention  in  India  on  account  of  the  migration  of 

^ Europeans,  civil  and  military,  to  hill  stations  during  the  hot  and  rainy 

sca.sons.  The  disease  was  originally  described  bj"  Grant  and  others 
^ when  this  custom  began,  and  has  excited  increased  interest  as  the 
I)  number  of  persons  proceeding  to  the  hills  has  grown  larger.  There 
•i  is  reason  to  believe  that  the  malady  is  not  confined  to  India.  Hirsch 
■|  refers  to  the  prevalence  of  diairhoea  on  the  Cordilleras  of  South 
')  America,  and  in  the  higher  regions  of  Afghanistan  and  Beluchistan  ; 
.1  and  doubtless,  when  we  obtain  more  exact  knowledge  regarding 

i it,  including  a clearer  definition  of  the  disease,  it  will  be  found  to 

j prevail  in  the  hills  of  most  tropical  and  subtropical  countries.  An 

. elevation  of  tiOOO  feet  and  upwards  appears  to  be  necessary  to  ]iroduce 
I hill  diarrliwa,  but  its  occurrence  at  lower  levels,  as  at  Hong  Kong,  has 
I been  recorded.  Here,  again,  stricter  precision  of  diagnosis  is  needed. 
All  Indian  hill  .stations  are  not  equally  culpable.  Those  situated  on  the 
southern  aspects  of  the  Himalayas — Simla,  Mussoori,  Nyneetal,  and 
Darjeeling,  for  example, — furnish  more  cases  than  places  such  as 
Ootacamund,  Mahableshwar,  and  Abu,  which  are  situated  on  elevations 
of  the  tropical  plains.  Moore  remarks  that  extra-ti’opical  stations  arc 
worse  in  this  respect  than  intra-tropical.  Cases  mostly  occur  in  im- 
niediate  anticipation  of  the  south-western  monsoon  or  during  its  preva- 
lence. Monsoon  influences,  which  are  favourable  to  the  dcvclojimcnt  of 
cholera  on  the  plains,  cause,  or  aid  in  causing,  this  flux  on  the  hills.  A 
low  barometer,  saturation  of  the  atmosphere  with  moisture,  and  a 

relatively  high  temperature  are  the  meteorological  conditions  associated 
with  outbreaks  of  hill  diarrha'a.  Cases  are  usually  sporadic  and 
exceptional;  but  the  disease  sometimes  assumes  an  epidemic  facies,  as  in 
that  remarkable  outbreak  at  Simla  in  the  year  1880,  described  by 
Crombie  (2),  in  which  from  50  to  75  per  cent  of  the  population  suffered, 
and  about  75  per  cent  of  the  attacks  occurred  between  the  13th  and 
20th  of  June,  just  before  the  advent  of  the  rains,  when  the  atmosphere 
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was  saturated  with  wurni  moisture.  Whole  families  were  simultaneously 
prosti'ated,  others  escaped,  and  a considerable  section  of  the  inhabitants 
liviriii  at  ;i  lowei'  level  remained  exempt.  The  personal  conditions  deter- 
mini ug  attack  or  exemi)tion  have  not  been  clearly  defined.  The  robust 
and  healthy  succumb  as  well  as  the  delicate  and  sickly.  New  arrivals 
are  more  prone  to  sufler  than  permanent  residents  ; men  are  more  liable 
than  women,  and  Europeans  than  natives.  Children  under  twelve  are 
seldom  or  never  attacked.  The  same  is  true  of  cholera.  Persons  who 
have  once  suffered  are  very  liable  to  relapses  on  revisiting  the  hills. 
Acclimatisation  occurs  in  most  cases,  especially  after  mild  attacks ; but 
some  persons  are  unable  to  reside  in  the  hills  on  account  of  frequent 
relapses,  ending  in  permanent  illness.  Insanitation,  impure  water  and 
milk,  chill,  fatigue,  and  excessive  eating  and  drinking  have  been  assigned 
as  causes,  but  these  conditions  appear  to  be  rather  predisposing  oi‘  con- 
tributory than  exciting.  The  intimate  causation  of  the  malady  remains 
to  be  discovered. 

Pathology. — The  descriptions  of  hill  diarrhoea  have  been  so  mixed 
up  with  those  of  other  forms  of  tropical  diarrhoea  or  Diarrlma  alha  that  it 
is  not  easy  to  indicate  the  pathology  of  the  milder  and  more  transient 
malady  occurring  in  the  circumstances  above  described.  Indeed,  Sir 
J.  Fayrer,  Moore,  and  others  consider  all  forms  of  white  flux  to  be 
“ modifications  of  the  same  disease.”  Opportunities  of  performing  post- 
mortem examinations  in  cases  of  genuine  hill  diarrhoea  are  exceedingly  rare. 
The  morbid  anatom}'^  of  sprue,  and  of  other  severer  forms  of  Diarrlnm 
alha,  is  well  known.  The  intestines  are  atrophied  and  degenerated, 
theii'  absorbent  and  glandular  structures  destroyed,  the  liver  and  mesenteric 
glands  shrunken,  and  the  body  attenuated.  In  hill  diarrhoea  the  intestinal 
lesion  would  seem  to  be  rather  catarrhal  than  atrophic,  the  small  gut 
being  contracted  and  thickened,  and  the  mucosa  swollen  and  congested  (a). 
No  thorough  chemical  examination  of  the  faeces  anol  urine  has  been 
made.  Sir  .1.  Fayrer  (juotes  aii  analysis  of  the  faeces  in  a typical  case  of 
tropical  diarrhoea  by  Dr.  Sidney  Martin,  communicated  by  Dr.  J.  F.  P. 
MaeConnell.  There  was  an  absence  of  sugar  and  starch,  but  an  excess  of 
fatty  material,  and  a deficiency  of  bile  which  was  diminished  by  more 
than  one  half.  The  bilirubin  obtained  was  unaltered,  anol  only  traces  of 
bile-acids  were  found  ; the  proteids  had  been  converted  into  albumose. 
In  bad  cases  the  stools  are  lienteric.  As  regards  the  urine  the  infornia- 
tion  is  still  scantier.  Moore  states  that  “ the  urine  is  frequently  natural 
throughout,  .sometimes  shewing  traces  of  bile.”  The  symptoms  point  to 
an  inte.stinal  catarrh,  associateol  with  impaireol  oluodenal  anol  intestinal 
digestion  and  I’apiol  decomposition  of  partially  digested  food.  The 
formation  of  bilirubin  from  effete  haemoglobin  seems  to  be  in  abeyance, 
and  the  conversion  of  the  former  into  stercobilin  suspended.  The 

])roduction  of  bile-acids  and  salts  seems  also  to  be  checked.  How  these 
disorders  of  intestine,  liver,  and  perhaps  of  the  pancreas,  are  brought  about 
it  is  difficult  to  .say.  Crombie  (?>),  who  held  that  hill  diarrha^a  is  a disca.se 
i>ni  generis,  attributes  them  to  altered  physical  environment,  more  cspeci- 
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ally  to  !i  diminished  atmospheric  pressure,  which  amoiuits  at  Simla  to 
al)out  3 lbs.  to  the  square  inch  less  than  on  the  plains,  and  to  a high 
degree  of  humidity.  Hill  sickness  (vertigo,  nausea,  and  lassitude)  appears 
to  be  indubitably  due  to  alteration  in  the  physical  environment,  and  it  is 
not  a violent  assumption  that  similar  circumstances  may  bring  about  the 
hepatic  and  intestinal  disturbances  characterising  hill  diarrhoea.  He 
shewed,  from  the  incidents  of  the  Simla  outl)reak  of  1880,  which  was  a 
typical  and  very  sevei’e  example  of  hill  diarrhoea,  that  neither  previous 
disease  or  ill-health,  malaria,  insanitary  conditions,  bad  water,  con- 
tiiminated  milk,  nor  scurvy  to  which  the  causation  of  hill  diarrhoea  has 
been  attributed  by  various  authorities,  explained  the  outbreak.  Addi- 
tional and  more  searching  investigation  is  needed  to  elucidate  the  nature 
and  causation  of  this  remarkable  malady. 

Symptoms. — The  attack  may  be  ushei’ed  in  by  flatulent  dyspepsia, 
nausea,  distaste  for  food,  and  lassitude,  the  stools  being  solid  and  clay- 
coloured.  This  may  be  the  only  disturbance  of  health,  and  it  may  pass 
off  in  a few  days  under  careful  regimen  (Crombie),  or  it  may  be  succeeded 
by  the  characteristic  looseness.  In  other  cases  there  is  a smart  attack- 
of  ordinaiy  diarrhoea,  followed  by  white  flux.  In  some  instances  th(5 
symptoms  arise  insidiously,  and  present  the  typical  features  of  the  malady 
from  the  first.  In  a fully  developed  seizure  copious  loose,  frothy,  white 
or  drab-coloured  motions  are  passed  in  the  early  morning,  commonly 
between  .8  and  7 A.:m.  ; .after  voiding  them  the  patient  is  relieved. 
The  diarrhoea  may  be  painless  or  accompanied  with  colick}^  sensations 
due  to  flatident  distension.  During  the  remainder  of  the  day  he  feels 
fairly  well,  and  is  able  to  resume  work ; but  there  is  alw.ays  more  or  less 
dyspep.sia  with  .acid  eructations,  disinclination  for  food,  and  hebetude. 
These  symptoms  usually  pass  off  in  a few  days,  bixt  may  persist  for 
weeks.  In  this  case  anaemia  and  marasmus  with  increasing  asthenia  and 
lethargy  ensue.  The  .abfiomen  is  n.atural  or  flaccid,  or  sunk  or  distended 
with  gaseous  accumulation.  The  liver  and  spleen,  uidess  aflected  by 
])revious  disease,  are  normal  in  size.  There  is  no  pyrexia  or  jaundice. 
The  tongue  is  covered  with  a thick  white  or  yellowish  fur.  The  pulse 
in  severe  c.ases  becomes  soft  and  weak.  On  retui'u  to  the  pl.ains,  or 
descent  to  a lower  level,  the  symptoms  speedily  disappear ; but  they  are 
apt  to  recur  on  revisiting  the  hills.  The  disease  sometimes  assumes  a 
chronic  form.  ])resenting  the  chaivacters  of  sprue  (see  ji.  553).  It  is  seldom 
fatal  in  its  iiiitial  stages,  but  in  its  chronic  and  pcrsistCTit  phases  becomes 
dangerous  to  health  .and  life. 

Diagnosis. — The  history  of  the  c.ase  .and  a knowledge  of  the  circum- 
stances in  which  the  attack  occurred  constitute  at  present  the  chief  me.ans 
of  distinguishing  this  from  other  forms  of  Dinrrhfea  <ilha.  Sprue  is  a 
disease  of  loav  levels  in  hot,  moist,  tropical  places.  The  lingu.al,  buccal, 
and  faucial  lesions  y^eculiar  to  it  are  absent  in  hill  diarrhoea.  The  intes- 
tinal disorder  of  sprue  is  more  severe  and  persistent,  and  the  evidence  of 
intestinal  atrophy  more  pronounced  ; the  shrirdving  of  the  liver  is  ver}'^ 
evident,  and  the  aiimmia,  marasmus,  asthenia,  mental  hebetude  and  depres- 
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siouare  much  greater.  Cases  of  recurrent,  inveterate,  or  persistent  white 
Hux  consecutive  to  hill  diarrhfea  present  general  and  local  features  indis- 
tinguishable from  those  of  sprue.  So  do  cases  of  Diarrhoea  alba,  appearing 
de  novo  in  tenipei’ate  climates  in  persons  who  have  returned  from  the 
tropics  in  broken  health.  The  cases  of  chronic  dysentery  described  by 
Twining,  in  which  “ i)atients  suffer  from  a continuance  of  copious  watery 
purging,  sometimes  attended  with  the  appearance  of  fermentation  like  a 
mixture  of  chalk  and  beer,”  can  hardly  present  any  difficulty  in  differential 
diagnosis.  It  is  evident  that,  for  purposes  of  distinction,  reliance  must 
for  the  present  be  placed  on  epidemiological  and  clinical  consideratioiis ; 
the  pathological  and  bacteriological  facts  are  too  vague  and  defective  to 
I'ender  any  useful  assistance. 

Prevention. — Persons  who  seem  to  be  speciall}’  prone  to  attacks  of  this 
malady  should  avoid  the  hills.  The  journey  up  should,  if  possible,  be 
made  by  slow  stages.  The  greatest  care  should  be  taken  to  avoid  chill 
and  fatigue.  The  abdomen  should  be  kept  warm  by  a cholera-belt  or 
other  means,  and  caution  in  diet  and  drink  should  be  ob.served. 

Treatment. — Warmth  and  rest  are  important  indications.  Severe 
cases  should  be  kept  in  bed,  and  enjoined  to  avoid  ex])osure  to  cold.  The 
diet  should  be  very  simple,  and  if  the  attack  be  serious  or  prolonged  a 
pure  milk  diet  should  be  resorted  to  as  in  sprue  (jd.  o58).  The  use  of 
peptonised  or  pancreatised  foods  is  indicated  (8).  Astringents  appear  to 
do  more  harm  than  good ; opium  stops  the  looseness  for  a time,  but  it 
invariably  recurs.  Cholagogues  have  not  been  of  any  service.  The 
medicines  which  have  been  attended  with  most  success  are  digestives 
and  intestinal  antiseptics.  Crombie  (3)  recommends  the  use  of  lacto- 
peptine  or  of  ingluvin  given  in  12-gi'ain  doses  about  two  hours  after 
food.  Macpherson  advises  the  administration  of  perchloride  of  mercury ; 
Crombie  found  a teaspoonful  of  liquor  hydrargyri  perchloridi,  about 
fifteen  minutes  after  food,  serviceable.  Salol  and  naphthol  have  been 
employed  for  the  same  purpose,  namely,  to  restrain  the  fermentation  of 
food.  If  the  case  does  not  yield  readily  to  treatment,  or  sheAvs  a tendency 
to  frequent  relapses  or  chronic  j)er.sistence,  a return  to  the  plains  or 
descent  to  a lower  level  is  absolutely  necessary. 

Kenneth  jMacleod. 
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TROPICAL  LIVER 

By  Anpuew  Davidson,  M.D.,  P'.R.C.P.Ed. 

( rROPK’AL,  formerly  known  as  Indian,  liver  is  a disease  met  with  in 
n Europeans  who  have  resided  for  a long  time  in  trojjical  countries. 

I in  the  eighteenth  and  first  quarter  of  the  nineteenth  century  it  was 
no  uncommon  thing  for  a man  to  spend  the  whole  working  part 
1 of  his  life  in  India  without  a lireak.  During  a period  of  thirty  years  or 
1 more  he  had  to  struggle  against  the  effects  of  climate,  and  to  run  the 
:i:^untlet  of  the  numerous  maladies  peculiar  to  the  tropics,  and  did 
mot  retui’ii  to  his  native  land  until  he  had  completed  his  official  career,  or, 
i|if  engaged  in  mercantile  pursuits,  after  he  had  acquired  a competence  or 
jffortune.  The  retired  Indian  was  readily  recognised  at  the  St.  Ronan’s 
£ Wells  of  that  day  by  his  sallow  complexion,  his  imperious  manners,  and 
ihis  testy  temper,  sometimes  inclined  to  melancholy — all  of  which  were 
r lascribed  to  “ liver.”  The  typical  Nabob  is  extinct,  and  Indian  liver  in 
its  severer  forms  is  much  less  common  than  it  was  sixty  years  ago.  The 
I ^shorter  period  of  tropical  residence,  the  more  frequent  furloughs,  the 
•custom  of  invaliding  patients  before  disease  has  had  time  seriously  to 
impair  the  health,  the  advance  in  sanitation  which  has  reduced  the  pre- 
I valence  of  dysentery  and  malaria,  the  greater  attention  given  to  outdoor 
^sports,  and,  above  all,  the  more  temperate  habits  of  the  present  age,  have 
•all  contributed  to  this  result. 

I Pathologicallji,  tropical  liver  has  for  its  basis  chronic  congestion  of  the 

{'  organ  with  or  without  intercurrent  acute  or  subacute  attacks  of  hypersemia. 

AnaUimiraUn,  the  liver  is  uniformly  enlarged  and  smooth,  of  a firm  con- 
i-sistence,  and  bleeds  freely  on  section.  In  the  early  stages  the  enlargement 
! is  mainly  the  result  of  vaseular  engorgement,  and  disapjiears  under  free 
l|  purgation.  When  it  is  of  long  standing  there  is  more  or  less  increase 
' of  tlie  connective  tissue  with  atrophy  of  some  of  the  lobules  and  hyper- 
r trophy  of  others.  The  liver  sometimes  undergoes  lardaceous  or  fatty 
r change.  When  it  terminates  in  atrophic  cirrhosis,  as  not  vei'y  infi-e- 
« quently  it  does,  it  loses  its  distinctive  characters  as  “ tropical  liver.”  But 
I congestion  of  the  liver  cannot  exist  for  any  length  of  time  without  giving 
|i  rise  to  grave  disorders — functional  and  structural — of  the  gastro-intestinal 
tract.  So  close  are  the  anatomical  and  physiological  relations  between 
the  liver  and  alimentary  canal  that  disease  of  the  one  is  very  apt  to 
produce  disease  of  the  other,  which  in  turn  aggravates  the  primary  malady. 
The  result  of  all  this  is,  that  in  tropical  liver  the  symptoms  of  impaired 
function  of  the  stomach,  pancreas,  and  intestinal  canal  are  never  absent,  and 
in  old -standing  cases  are  sometimes  even  more  obtrusive  than  those 
directly  referable  to  the  liver.  The  justification  for  distinguishing  tropical 
liver  as  a definite  disease  rests  on  the  marked  differences  which  exist 
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between  its  etiology,  symptomatology,  and  associated  pathology  and  th(jse 
of  congestive  liver  diseases  in  temperate  climates. 

Etiology. — The  more  important  causes  of  tropical  liver  are: — (1)  A 
high  temperature  and  chill ; (2)  Dietetic  errors,  quantitative  and  quali- 
tative, aggravated  by  the  inactive  life  to  which  tropical  conditions  dispose 
the  European  resident ; (.3)  Malaria  ; (4)  Dysentery  and  diarrhoea. 

Hi’qL — Troj)ical  liver  is  essentially  a disease  of  the  native  of  a 
temperate  or  cold  climate  residing  in  the  tropics.  It  is  a part  of  the 
white  man’s  burden.  This  points  to  the  predominating  influence  in  its 
causation  of  a hot  climate  on  constitutions  not  adai^ted  to  it.  Indeed, 
even  in  temperate  climates  the  iiutial  stage  of  hyperaemia  is  occasionally 
obsei'ved  as  a consequence  of  an  unusually  long-continued  heat-wave.  As 
the  cause  of  these  attacks  is  only  temporary,  so  the  effects  are  transitory. 
In  the  tropics,  on  the  other  hand,  the  cause  is  continuous  in  its  operation 
and  its  effects  are  more  permanent.  But  the  influence  of  heat  on  the  Euro- 
pean in  the  tropics  depends  not  only  on  its  degree  and  duration,  but  also 
on  the  constitution,  and  still  more  on  the  habits,  of  the  individual.  Some 
persons  experience  a constitutional  difficulty  in  keeping  the  temperature 
of  the  body  normal.  The  slightest  exertion  raises  their  temperature  or 
sends  them  into  a profuse  and  weakening  perspiration,  and  the  least  irregu- 
larity in  diet  manifests  itself  in  disturbance  of  the  functions  of  the  liver. 
Although  it  is  largely  the  case  that  every  one  has  the  sort  of  liver  in  the 
tropics  that  he  deserves,  this  is  not  absolutely  true,  for  some  with  the 
greatest  care  cannot  avoid  congestion  of  the  liver  and  its  consequences. 
Others  have  a more  efficient  heat-regulating  apparatus,  and  more  readily 
become  adapted  to  tropical  conditions.  It  is  outside  the  scope  of  this 
article  to  discuss  the  manner  in  which  heat  produces  liver  disease.  The 
doctrine  that  the  lessened  functional  activity  of  the  lung  throws  work 
upon  the  liver  which  in  temperate  climates  falls  to  the  share  of  the  lung 
to  perform  rests  on  no  solid  basis.  There  is,  in  fact,  no  evidence  that 
the  consumption  of  oxygen  in  respiration  is  materially  diminished  in  the 
ti'opics.  That  the  liver  has  more  work  to  perform,  and  that  this 
additional  work  is  mainly  responsible  for  its  breakdown,  is  a truth,  the 
recognition  of  which  is  essential  to  a clear  conception  of  the  pathology  of 
tropical  diseases  of  the  livei’.  This  additional  work,  however,  aiises  from 
the  side  of  the  gastro-intestinal  canal,  not  from  that  of  the  lung.  An 
obvious  Avay  in  which  heat  disposes  to  hepatic  disease  in  general,  and  to 
tropical  liver  in  particular,  is  the  liability  it  induces  to  chill  from  its 
depressing  influence  on  the  vasomotor  system.  One  of  the  most  common 
exciting  causes  of  active  hyperajmia  of  the  livei-  and  hepatitis  is  a chill 
after  profuse  perspiration,  or  exhaustion  from  exposure  to  sun  and  fatigue. 
A draught  of  cool  air  at  night,  a cold  bath  taken  inopportunely,  or  a 
wetting  after  being  overheated  is  sufficient  to  set  up  mischief  in  a torpid 
liver.  The  influence  of  cold  and  chill  in  causing  attacks  of  congestion 
is  well  exemplified  in  the  case  of  those  who  return  to  England  after 
long  years  in  the  tropics.  The  system  in  time  becomes,  to  a certain 
extent,  set  to  heat,  and  a process  of  reacclimatisation  has  to  l>e 
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>^oiie  through.  Dr.  .1.  Anderson  has  pointed  out  very  justly  that  the 
bid  tropical  resident  “ changes  back  to  the  conditions  of  his  early  life 
with  much  more  difficulty,  inasmuch  as  he  is  constitutionally  less  elastic, 
■ind  less  adaptable  to  the  second  change  than  to  the  first.  The  habits  of 
Indian  life  have  become  natural  to  him,  and  Ave  have  to  add  to  the  los.s 
'of  youth  the  pathological  changes  met  Avith  as  the  sequelte  of  ti  opical 
idiseases.”  The  impression  of  cold  on  the  A'asomotor  system  readil}’  gives 
rise  in  the  old  Indian  to  Avhat  is  called  “a  chill  on  the  liver.”  We  may 
kKAk  upon  heat  in  its  direct  and  indirect  effects  on  digestion,  metabolism, 
land  the  nervous  system  of  the  European  as  the  most  potent  factor  in 
the  causation  of  tropical  liver. 

(Excess  of  food,  particularly  of  animal  food,  obviousl}’  increases  the 
■Avork  of  the  liver,  and  gives  rise  to  hyperiiemia.  When  the  food  is  not 
only  in  excess,  but  of  an  indigestible  or  irritating  kind,  such  as  rich 
jAiistrie.s,  hot  curries,  and  strong  coffee,  the  evil  is  greater,  as  thej"  distuik 
alike  the  functions  of  the  stomach  and  liver.  Weakened  digestion  is  one 
of  the  early  effects  of  tropical  heat  upon  the  constitution  of  the  European. 

• When  the  stomach  is  overtaxed  by  imprudences  in  diet,  gastric  digestion 
I is  imperfectly  perfoi'ined  and  the  toxic  products  of  abnormal  fermenta- 
: tions,  absorbed  from  the  IjOAvel,  irritate  the  liver.  Alcohol,  except  in  the 
i strictest  moderation,  is  a hepatic  poison.  In  warm  climates  it  cannot  be 
i indulged  in  freely  for  any  length  of  time  Avithout  impairing  the  integrity 
I of  the  liver.  Excessive  smoking,  although  vastly  less  injurious,  has 
1 likeAvise  a detrimental  influence  on  the  stomach  and  liver.  Dietetic 
I errors  of  the  kind  Ave  have  mentioned  are  all  the  more  harmful  that  the 
! high  temperature  indisposes  to  muscular  exei'cise.  It  is  a matter  of 
I experience  that  those  Avho  take  active  exercise  in  the  cool  of  the  mornings 
; and  evenings  are  less  liable  to  liver  disease  than  those  Avho  lead  an 
' inactive,  sedentary  life.  Diiubler  has  pointed  out  that  the  European 
cavalry  regiments  in  the  East  enjoy  better  health  than  the  I'est  of  the 
' troops,  and  are  also  more  resistant  to  disease.  Their  duties  ensure  them 
' regular  exercise  in  the  open  Avithout  undue  fatigue  and  Avithout  raising 
I the  body-temperature  to  a degree  incompatible  Avith  health.  Walking 
' and  riding  are  the  best  kinds  of  exercise  for  the  average  European  in  the 
tropics.  Athletic  games  are  unsuited  to  the  old  resident,  but  in  tlu' 
young  they  may  be  practised  Avith  great  advantage  to  the  health,  in 
the  cool  of  the  evening,  if  care  be  taken  to  change  the  clothes  immediately 
the  game  is  finished.  But  Avhile  all  this  is  true,  it  may  be  laid  doAvn  as 
an  axiom,  that  no  amount  of  exercise  Avill  obviate,  in  the  long-i  un,  the 
e\  il  consequences  of  indulgence  in  the  pleasures  of  the  table. 

Malaria,  is  a common,  and,  according  to  some,  the  jirincipal  cause  f>f 
tropical  liver,  but  it  is  doubtful  if  it  gives  rise  to  serious  and  permanent 
liA^ei-  disease  so  frequently  as  is  supposed,  apart  from  the  action  of  heat 
and  other  predisposing  and  co-operating  factors.  In  temperate  climates 
malaria  is  seldom  folloAved  by  liver  disease,  except  in  alcoholics.  In 
the  tropics  congestion  of  the  liver  and  hepatitis,  as  a consequence  of 
malaria,  are  comparatively  rare  among  the  natiA'es,  Avho  are  nevertheless 
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more  subject  to  malarial  infection  than  the  European.  This  'vvill  be  seen  n 
from  the  following  figures  shewing  the  incidence  of  malarial  fever,  con- 1 
gestion  of  the  liver  and  hepatitis  in  the  Eni’opean  and  native  troops  ' 
respectively  for  the  year  1901  : — 

European  Army.  Native  Army. 

Malarial  fever  ....  299'5  372‘7 

Congestion  of  the  liver  and  hepatitis  . 16'2  0‘97 

The  only  explanation  I have  to  otter  of  these  figures  is  that,  although  the  r 
virus  is  the  same  in  both  cases,  the  livers  on  which  it  acts  are  different. 
The  combined  ettects  of  heat,  alcohol,  and  dietetic  errors  on  the  liver  of  t 
the  European  render  it  seventeenfold  more  liable  than  that  of  the  nativv  • 
to  this  class  of  diseases  in  spite  of  the  greater  liability  of  the  latter  to  ■ 
malaria.  The  I’esult  of  frequent  attacks  of  malaria,  in  the  European,  is  in  i 
many  cases  to  lay  the  foundation  of  chronic  enlargement.  The  effects  of  f 
the  infection  on  the  system,  too,  may  persist  long  after  the  parasites  have  i 
disappeared  from  the  peripheral  blood.  It  is  no  uncommon  thing  for  r 
old  malarials  to  suffer  for  years  after  they  return  home  from  febrile  t 
attacks,  neuralgias,  and  congestions  of  the  liver.  Chevers  states  that  he  r 
experienced  more  severe  paroxysms  of  intermittent  fever  in  Bayswater  r 
for  five  or  six  years  after  his  return  from  India  than  he  ever  had  at  t 
Chittagong,  where  he  contracted  the  disease.  Ihinald  hlartin  Avas  f- 
“ persecuted,”  as  he  says,  every  spring  for  thirty  years  after  leaving  ; 
India  l)y  a fever  contracted  when  a young  officer.  Whatever  may  be  the  r 
nature  of  these  attacks,  and  malaria  can  scarcely  be  excluded  from  their  ■ 
etiology,  they  often  aggravate  the  symptoms  of  tropicfd  liver. 

Diarrha’a  and  di/scntery,  when  chronic,  play  an  important  part  in  the  . 
])athogenesis  of  tropical  livei-  and  abscess.  E^vald  remarks  that  “ the  liver  ; 
forms  a sort  of  catch-pit  between  the  right  side  of  the  heart  and  the 
blood  of  the  portal  A'^ein,  Avhich  receives  all  the  toxic  matter  absorbed  : 
from  the  bowel  and  either  holds  it  and  gives  it  up  little  by^  little  to  the 
blood,  or  destroys  it,  or  excretes  it  again  AAfith  the  bile  into  the  intestine.” 
In  chronic  dysentery  and  diarrhoea  the  amount  of  toxic  mattei's  is  ■ 
increased,  and  the  capacity  of  the  liver  to  deal  AAuth  them  Avill  depend  on 
its  integrity  and  on  the  amount  and  quality  of  the  substances  absorbed. 
The  factor  of  primary  importance  as  regards  the  ettects  of  dysentery  in 
giving  rise  to  disease  of  the  organ  is  the  integrity  of  tlie  liA^er  itself. 
This  is  ])roved  by  the  rule  that  Avhile  the  native  of  India  sutters  more 
than  the  Europeaji  from  dysentery  and  diarrhoea  in  the  ratio  of  52  to 
35,  he  is  seventeen  times  less  liable  to  congestion  of  the  liver  and 
hepatitis,  and  from  tAventy  to  tAventy-five  times  less  liable  to  abscess.  In 
other  Avords,  he  sutters  less  than  the  European  from  all  kinds  of  liA’er 
disease,  and  less  still  from  the  graver  forms.  The  reason  of  tliis  is, 
that  in  the  uatiA'e  the  liver  is  functionally  adequate  to  render  innocuous 
the  poisonous  substances  absorbed  from  the  boAvml,  Avhich  otherAvise  Avould 
give  rise  to  hepatitis  and  impair  its  resistance  to  the  bacterial  and  amoebic 
infections  and  toxins  associated  AAuth  dysentery  and  diarrhoea. 
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Evolution  of  Tropical  Liver. — The  liver  po.ssesses  a rcniaikal)le 
capacity  of  dilatation  by  vascular  repletion.  During  a paro.xysm  of  ague 
its  expansion  may  sometimes  be  traced  by  percussion  at  short  intervals, 
land  when  the  fit  is  over  it  will  be  seen  to  diminish  in  size  with  neai'ly 
. •equal  rapidity.  In  health  the  quantity  of  blood  contained  in  the  liver  is 
i constantly  undergoing  lluctuations,  according  to  its  functional  require- 
iinents.  During  digestion  an  augmented  su])ply  of  arterial  blood  is 
i«sent  to  the  stomach,  liver,  spleen,  pancreas,  and  intestines,  with  a 
I corresponding  increase  in  the  amount  conveyed  to  the  liver  by  the  ])ortal 
wein.  This  physiological  hyperiemia  is  in  relation  to  the  increased 
> secretion  of  bile  poured  into  the  duodenum  Avhen  gastric  digestion  is 
n accomplished. 

The  first  departure  from  strictly  physiological  hypersemia  arises 
when,  from  any  cause,  the  amount  of  blood  sent  to  the  liver  is  in  excess 
• of  its  functional  requirements,  resulting  in  a secretion  of  bile  beyond 
' what  is  necessary  for  healthy  digestion.  This,  which  may  be  called 
1 irritative  hyperamiia,  is  the  kind  of  congestion  to  which  newcomers  in  the 
■ tropics  are  liable.  Not  that  all  tire  attacked  in  this  way,  or  in  the  same 
I degree.  Copious  bile-coloured  stools  usually  ensue,  relieve  the  vtiscular 
d|;  tension,  and  prevent  for  a time  any  serious  disturbance  of  the  general 
health.  If  care  be  taken  at  this  stage  to  reduce  the  intake  of  food,  and 
! to  regulate  the  habits  in  other  respects  in  accordance  with  the  require- 
raents  of  tropical  life,  this  irritative  hypersemia  will  subside  without 
damage  to  the  liver.  If  the  conditions  giving  rise  to  it  persist,  a state 
'■  of  torpor  of  the  liver  sooner  or  later  sets  in.  This  is  generally  repre- 
< sen  ted  as  simply  a state  of  functional  exhaustion  consequent  on  the 
i'  preceding  excess  of  activity.  It  is  something  more.  We  have  no  definite 
observations  of  the  state  of  the  liver  in  this  initial  stage,  but  we  can 
I hardly  be  wrong  in  ascribing  the  hypertemia  to  the  irritation  resulting 
I from  the  additional  work  thrown  on  the  organ  by  increased  metabolism, 
i and  the  kind  as  well  as  the  amount  of  work  may  here  be  a matter  of 
' importance.  So  long  as  the  liver  is  able  to  transform  the  material  sent 
I to  it,  an  increased  secretion  of  bile  is  the  only  evidence  of  the  stress 
' to  which  it  is  subjected.  When  the  work  exceeds  the  capacity  of  the 
I organ,  the  secreting  cells  probably  become  infiltrated  with  imperfectly 
I transformed  substances,  and  their  bile-forming  function  is  impaired, 
f The  swollen  hepatic  cells  pressing  on  the  bile  canaliculi  will  offer  an 
H impediment  to  the  free  How  of  the  secretion.  Vecchi’s  experiments  seem 
' to  prove  that  an  obstruction  to  the  How  of  the  bile  Aveakens  the  physio- 
; logical  resistance  of  the  liver  to  such  an  extent  that  suppurative  hepatitis 
■ can  be  produced  by  the  inti'oduction  into  the  liver,  by  the  A’cna  ])orta, 
i bile-ducts,  or  intestine,  of  pathogenetic  germs  that  failed  to  provoke  a 
lesion  so  long  as  the  flow  of  bile  was  not  interfered  with.  Although 
we  have  here  to  do  with  a toxic  rather  than  an  infective  process,  the 
retarded //ozt?  of  bile  is  doubtless  one  of  the  conditions  determining  the 
lesions  of  tropical  liver.  Howsoever  caused,  this  state  of  torpor, 
following  irritative  hypermmia,  is  the  first  stage  in  the  evolution  of  the 
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disease.  The  symptoms  of  this  condition  are  want  of  appetite,  at  first 
most  marked  in  the  morning ; a coated  state  of  the  tongue,  a bitter 
or  saltish  taste  in  the  mouth,  and  a feeling  of  Aveight  or  fulness  in  the 
hypochondrium  and  epigastrium,  Avhich  are  often  tender  on  pressure. 
When  of  some  standing  the  liver  Avill  be  found  enlarged.  Digestion  is 
slow  and  painful,  Avith  heartburn  and  flatidence.  Constipation  is  often 
obstinate,  and  the  stools  pale  and  pasty.  But  attacks  of  diarrhoea  occur 
from  time  to  time,  the  stools  being  i)ale  and  frothy,  or  dark  and  Avatery, 
and  sometimes  mixed  with  mucus.  Haemorrhoids  are  of  frecpieiit  occur- 
rence. The  patient  is  droAvsy  after  meals,  but  often  sleepless  at  night, 
complains  of  headache,  is  disinclined  to  muscular  exercise,  incapable 
of  sustained  mental  effort,  and  is  frequently  depressed. 

By  prudence  in  diet,  avoidance  of  alcohol,  and  careful  habits  of  life, 
recovery  generally  takes  place,  and  the  liver  regains  its  normal  activity ; 
but  if  the  torpid  condition  persist,  the  patient  stands  under  the 
imminence  of  serious  hepatic  disease.  An  excess  at  table,  a chill, 
an  attack  of  malaria  or  dysentery  may  at  any  time  precipitate  acute 
congestion,  hepatitis,  or  ab.scess.  Acute  congestion  is  the  most  common 
accident  supervening  on  liver  torpor,  and  leads,  if  repeated,  to  chronic 
congestion  and  enlargement.  There  are  pain,  Aveight,  and  oppression  in 
the  right  hypochondrium ; enlargement  and  tenderness  of  the  liver  Avith 
more  or  less  fever;  pain  on  deep  inspiration  or  evoked  by  a sudden  jolt; 
pain  or  aching  in  the  right  shoulder  radiating  doAvn  the  arm  or  seated  in 
the  region  of  tlie  scapula ; tenderness  in  the  epigastrium  Avith  nausea  or 
vomiting.  The  boAvels  are  constipated  and  the  stools  pale,  or  they  may 
be  loose  and  frequent,  and  passed  Avith  griping  and  flatulence.  If  the 
feAmr  rise  above  102°  F.  the  disease  is  spoken  of  as  hepatitis.  Acute 
congestion  and  hepatitis  are  different  grades  of  the  same  disease.  When 
the  attack  has  been  set  up  by  a chill,  severe  diarrhoea  is  common,  and 
may  persist  for  AAmeks.  AVhen  malaria  has  ghmn  rise  to  the  congestion, 
the  spleen  is  often  considerably  enlarged ; and  in  the  intemperate, 
anasarca  of  the  loAAmr  extremities  is  frequently  present. 

But  the  evolution  of  tropical  liver  is,  in  many  cases,  much  more 
insidious.  A chill,  over-fatigue,  exposure  to  the  sun,  or  some  irregularity 
in  diet  gives  rise  to  slight  but  oft-recurring  uneasiness  or  tenderness  in 
the  liver,  Avith  anorexia  and  indigestion.  The  sym))toms  may  not  he  so 
severe  as  to  confine  the  patient  to  bed  or  house.  After  a time,  hoAvcA^er, 
the  liver  is  found  to  be  hypertrophied,  and  the  spleen  perhaps  slightly 
enlarged,  or  more  decidedly  so  if  the  patient  have  suffered  from  malaria. 

Symptoms. — The  symptoms  of  tropical  liA^er  A^ary  extremely  according 
to  the  stage,  severity,  the  frequency  of  exacerbations,  the  presence  or 
absence  of  malaria,  and  the  extent  to  Avhich  the  digestive  system  is  involved. 
In  its  mild  form  they  are  those  of  torpid  liver.  In  its  higher  grades  there 
is  an  appreciable  enlargement  of  the  organ  in  all  directions ; sometimes 
slight,  but  in  other  cases  the  liver  extends  for  tAvo  or  three  inches  beloAv 
the  costal  margin ; occasionally  it  reaches  the  umbilicus.  Acute  pain  is 
not  much  complained  of,  but  the  ])atient  generally  knoAvs  he  //as  a liver. 
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.At  times  there  is  a dull,  dragging  weight  or  soreness  in  the  right  hypo- 
( chondrium,  with  aching  in  the  shoulder  and  down  by  the  scapula.  The 
I appetite  is  poor,  iligestion  slow,  sometimes  painful,  with  flatulence. 

' 'I'here  may  be  acidity  and  heartburn  from  imperfect  digestion  of  carbo- 
1 hydrates,  or  eructations  of  foul-smelling  gases  fi’om  putrefactive  changes 
I in  the  proteid  elements  of  food,  with  frontal  headache  and  troubled 
I dreams.  The  urine  is  at  one  time  limpid,  abundant,  and  passed 
I frequently ; at  another  time  high-coloured,  scanty,  and  loaded  Avith 
I urates.  Tourtoulis  has  insisted  on  diminution  of  urea  as  a feature  in 
,•  some  cases  of  tropical  liver.  The  bowels  are  habitually  constipated,  and 
t the  motions  paler  than  normal,  but  an  acute  attack  of  indigestion  may 
1 bring  on  troublesome  diarrhoea.  The  spleen,  apart  from  malarial  com- 
I plication,  is  only  slightly  enlarged,  but  in  malarial  subjects  it  may  attain 
( considerable  dimensions. 

The  complexion  is  pale  and  sallow,  sometimes  of  a faint  lemon 
1 tint ; rarely  is  there  any  undoubted  jaundice,  and  this  if  present  is 
1 temporary.  ^Vhen  the  disease  is  advanced  or  severe,  the  patient  is 
I amemic,  weak,  and  more  or  less  emaciated.  It  not  infrequently  happens 
I that  after  a number  of  years  of  tropical  residence  the  patient  becomes 
1 less  liable  than  at  the  beginning  of  his  career  to  exacerbations  of  acute 
i or  subacute  congestion,  but  these  recur  Avhen  he  returns  home.  The 
; gastric  symptoms  in  these  circumstances  frequently  become  aggravated, 
1 and  may  be  accompanied  with  irritability  of  temper  and  fits  of  despond- 
I ency.  After  a year  or  tAvo  at  home  an  improvement  sometimes  takes 
I place,  and  Avitli  prudence,  Avhich  can  never  safely  be  dispensed  Avith,  the 
I patient  may  enjoy  fair  health.  In  other  cases  gastric  troubles  and 
: anaemia  gradually  undermine  the  health  ; or  portal  cirrhosis  may  set 
I in  and  lead  to  a fatal  issue. 

Treatment.— Tropical  liver  is  not  an  inevitable  consequence  of 
t tropical  residence.  It  is  to  a large  extent,  at  least  in  its  more  severe 
t forms,  a preventable  disease.  But  the  European  cannot  take  the  same 
I liberties  Avith  his  liver  in  the  tropics  that  he  does  at  home.  By  a careful 
; accommodation  of  the  amount  of  food  taken  to  the  weakened  poAvers 
' of  digestion ; by  a restricted  use  of  animal  food  ; by  the  avoidance 
of  indigestible  and  highly  seasoned  articles  of  diet,  and  the  strictest 
moderation  in,  or,  Avhat  in  most  instances  is  better,  by  an  entire 
abstinence  from  alcohol ; by  regular  active  exercise,  short  of  exhaustion, 
(i  taken  at  suitable  hoixrs ; by  the  avoidance  of  unnecessary  exposure  to 
I sun  and  chills;  by  adopting  a rational  dress,  and  by  carefully  regulating 
• the  action  of  the  boAvels,  the  European  may  live  for  years  in  the  tropics 
I Avithout  suffering  serious  inconvenience  from,  the  liver,  if  he  be  fortunate 
M enough  to  escape  malaria  and  dysentery. 

In  the  initial  stage  of  liA^er  torpor,  Avhen  there  is  little  or  no  enlarge- 
' ment,  the  indications  are  to  insure  regular  action  of  the  boAvcls  and  to 
■ impart  tone  to  the  congested  stomach.  A pill  of  podophyllin,  combined 
' Avith  aloes  and  ipecacuanha,  in  doses  sufficient  to  obtain  one  or  tAvo  free 
^ motions  daily,  is  to  be 'given,  and  the  digestion  assisted  by  10  to  20 
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minims  of  dilute  nitro-hydrochloric  acid  and  10  minims  of  the  tincture 
of  nux  vomica  in  gentian  or  cjuassia.  When  a laxative  for  more  constant 
use  is  necessary,  the  liquid  extract  of  cascara  with  euonymin  generally 
answers  well.  When  there  is  a feeling  of  weight  or  discomfort  in  the 
right  hypochondrium,  with  or  without  evident  enlargement,  more  active 
treatment  should  be  resorted  to.  Sulphate  of  sodium,  or  artihcial  Carlsbad 
salts  eonsisting  of  two  parts  of  sodium  sulphate  to  one  each  of  sodium 
chloride  and  bicarbonate,  should  be  given  in  a purgative  dose  in  the 
morning  ; or  in  smaller  doses  more  frequently,  with  an  occasional  dose  of 
5 to  8 grains  of  calomel  or  blue  pill  at  night.  This  treatment  should  be 
continued  for  two  or  three  weeks  till  the  .symptoms  disappear. 

When  active  congestion  or  inflammation  is  set  up  from  a chill  or 
other  cause,  with  enlargement,  pain,  and  tenderness  of  the  liver,  the 
patient  should  be  confined  to  bed  and  put  upon  a milk  diet.  Salines  in 
repeated  small  doses  should  be  given,  and,  when  the  case  is  severe, 
leeches  may  be  applied  to  the  anus,  and  turpentine  stupes  over  the 
region  of  the  liver.  Chloride  of  ammonium  in  doses  of  15  to  20  grains 
should  be  administered  four  times  a day.  When  the  hepatic  congestion 
is  accompanied  with  diarrhrea,  as  not  unffequently  happens,  one  or  two 
doses  of  20  to  .30  graiiis  of  ipecacuanha  should  be  given,  and  no 
premature  attempt  made  to  arrest  the  diarrhoea. 

In  the  congestion  and  enlargement  of  the  liver  and  spleen  with 
an?eraia  consequent  on  malaria,  a combination  of  the  sulphates  of  mag- 
nesium, quinine,  and  iron,  with  dilute  sulphuric  acid,  often  proves  very 
useful.  In  the  extremely  malarious  year,  1879,  in  ]\lauritius,  when 
eidargements  of  this  kind  were  very  common  and  often  complicated  with 
anasarca,  the  use  of  the  four  sulphates — as  the  mixture  was  called — was 
generally  followed  by  a marked  reduction  in  the  size  of  the  liver  and 
spleen,  and  disappearance  of  the  anasarca  within  a week  or  ten  days. 
When  the  urine  was  scanty  and  the  heart’s  action  feeble,  small  doses  of 
digitalis  were  given.  It  is  iir  chronic  congestions,  especially  those  of 
malarial  origin,  that  marked  benefit  is  derived  from  local  packs  of  nitro- 
hydrochloric  acid  over  the  liver.  Eight  ounces  of  dilute  nitro-hydrochloric 
acid  are  added  to  a gallon  of  water  at  a temperature  of  98°  F.,  and 
cloths  soaked  in  this  mixture  are  applied  to  the  whole  region  of  the 
liver  and  the  upper  part  of  the  abdomen,  and  changed  frequently ; or  the 
acid  may  be  applied  by  means  of  spongiopiline,  the  application  being 
intermitted  when  it  causes  too  much  in-itation  of  the  skin. 

In  obstinate  enlargements  of  the  liver  a change  to  a temperate  climate 
is  advisable,  the  utmost  precautions  against  chill  being  inculcated.  A 
course  of  the  waters  of  Carlsbad,  Kissingen,  Friedrichshall,  or  Vichy 
often  proves  advantageous  in  these  cases.  Of  our  home  spas,  Harrogate 
is  the  only  one  that  requires  mention. 

Anaemia  and  dyspepsia  are  frequently  prominent  symptoms  in  those 
who  have  returned  to  England  after  many  years  in  the  tropics.  The 
amemia  may  be  the  result  of  previous  malarial  infection  aggravated  by 
recurrences  of  congestion.  In  these  cases  quinine  in  combination  with 
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iron  is  indicated;  and,  as  a matter  of  experience,  quinine  in  small  doses  is 
often  serviceable  in  the  tropical  liver  of  those  who  have  suffered  much 
from  fever,  even  when  there  are  no  special  symptoms  to  indicate  its  use. 
The  ancemia,  in  other  cases,  is  rather  to  be  ascribed  to  inveterate 
dyspepsia  resulting  from  the  liver  disease  with  defective  secretion  of 
gastric  juice  and  atony  of  the  muscular  coat.  When  the  dyspepsia  is 
not  the  result  of  advanced  chronic  gastritis  an  improvement  in  the 
circulation  of  the  liver  may  be  expected  to  result  in  an  ameliora- 
tion of  the  stomach  symptoms.  The  digestion  is  to  be  assisted  by  the 
administration  of  pepsin,  hydrochloric  acid,  and  mix  vomica.  If  there 
be  much  flatulence  and  constipation,  ox-bile,  given  in  the  form  of  pill 
and  coated  with  keratin,  is  of  service.  Iron  and  tonics  will  also  be 
( useful  if  free  action  of  the  bowels  is  maintained. 

The  sufferer  from  tropical  liver  and  dyspepsia  is  frequently  a victim 
I to  mental  depression,  caused  partly  by  disease  and  partly  by  no  longer 
having  any  duties  to  occupy  his  mind.  Foreign  travel  may  be  recom- 
^ mended  with  advantage  in  these  cases ; the  frequent  change  of  scene 
i and  company  diverts  the  patient’s  attention  from  his  morbid  sensations, 
1 while  the  enforced  activity  in  the  open  air  promotes  the  circulation  and 
(I  improves  the  appetite.  When  tropical  liver  terminates  in  cirrhosis  the 
1 treatment  is  that  proper  to  this  disease. 

Andrew  Davidson. 
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TROPICAL  ABSCESS  OF  THE  LIVER 

By  Andrew  Davidson,  M.D.,  F.R.C.P.Ed. 

Under  the  term  “ tropical  abscess  of  the  liver ’’arc  included  the  single 
or  multiple  large  abscesses,  whether  dysenteric  or  idiopathic,  which  form 
such  a characteristic  feature  in  the  pathology  of  warm  climates.  Pyremic 
abscesses  and  suppurative  cholangiti.s,  which  are  not  peculiar  to  an3r 
climate,  will  be  dealt  with  separately  in  Vol.  IV. 

On  few  subjects  that  have  received  equal  attention  are  opinions  more 
discordant  than  on  the  pathogenesis  of  tropical  abscess.  Is  there  an 
idiopathic  ^ variety,  or  are  all  tropical  abscesses  of  dysenteric  origin  1 

' The  word  “ idiop.athic  ” is  not  free  from  objections,  iis  pointed  out  in  an  editorial  foot- 
note at  p.  154,  vol.  iv.,  1897.  It  is  here  used  for  the  sake  of  convenience,  and  “ in  its  negative 
hearings  ” in  the  sense  of  uon-dyseuteric. 
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When  associated  with  dysentery,  does  the  intestinal  ulceration  precede 
and  give  rise  to  the  hepatic  inflammation,  or  are  the  two  affections  the 
result  of  a common  cause  acting  simultaneously,  successively,  or  alter- 
nately on  intestine  and  liver  ? Is  liver  abscess  a complication  of  amoebic 
dysentery  oidy,  or  does  it  also  arise  in  connexion  with  the  bacterial  form? 
When  associated  with  amoebic  dysentery,  do  the  amoebae  act  merely  as 
carriers  of  leyogenetic  organisms,  or  do  they  co-operate  with  these  in 
giving  rise  to  suppuration,  or  are  they  the  sole  agents  in  its  causation? 
\Ve  shall  endeavour  to  review  the  data,  such  as  they  are,  bearing  011  these 
points  as  fully  as  our  limits  jeermit. 

Etiology.  — Geographical  Distribution.  — The  large  hepatic  abscess, 
except  as  a result  of  injury,  is,  as  Hirsch  i-emarks,  one  of  the  rarest 
diseases  of  temperate  and  cold  climates.  Graves  relates  a case  of 
apj)arently  idiopathic  abscess  of  large  size  in  a glass-blower,  a trade  in 
which  the  workmen  are  subjected  to  great  heat.  The  cases  of  indigenous 
origin  met  with  in  our  own  country  are  almost  invariably  a sequel  of 
diarrhoea  or  dysentery.  Hepatic  abscess  as  a complication  of  dysentery 
was  more  frequent  in  Ireland  in  the  first  quarter  of  the  nineteenth 
century  than  at  the  pi’esent  day.  Cheyne  met  with  four  cases  of 
liver  abscess  in  thirty  autopsies  for  dysentery  in  Dublin  during  the 
epidemic  of  1818,  and  two  of  these  were  large  abscesses.  In  a retui'n 
of  the  causes  of  death  in  the  army  serving  in  Ireland,  from  the  1st 
January  1818  to  1st  October  1826,  tw’-enty  - four  deaths  from  liver 
abscess  are  recorded.  Instances  of  this  kind  are  extremely  rare. 
Dr.  Gemmel  found  abscess  of  the  liver  twice  in  eighty  fatal  cases  of 
colitis  at  the  Lancaster  Asylum.  Other  cases  are  to  be  found  scattered 
in  medical  literature ; but  it  may  be  safely  asserted  that  liver  abscess,  as 
an  indigenous  disease  in  the  United  Kingdom,  at  the  present  day,  is  a 
pathological  curiosity.  The  same  holds  good  for  France,  Germany,  and 
northern  and  central  Europe  generally ; even  the  amoebic  form  of  dysen- 
tery, occasionally  met  with  in  these  countries,  is  rarely  follow^ed  l)y 
abscess.  We  have  definite  accounts  of  its  more  frequent  occurrence  in 
some  parts  of  Rumania,  Italy,  and  Dalmatia.  In  Gibraltar  it  gave  rise  to 
a death-rate  of  OTl,  and  in  Malta  to  one  of  OHS  per  1000  during  the  four 
years  1888-91,  as  compared  with  a ratio  of  D35  for  Bengal ; but  it  is  not 
certain  whether  the  disease  was,  in  every  iiistance,  contracted  at  these 
stations.  In  Cyprus,  judging  from  the  Colonial  reports,  hepatic  abscess 
must  be  rai’e  among  the  natives,  as  in  1903  no  case  occurred  out  of  nearly 
20,000  patients  treated,  of  which  number  201  were  suffering  from 
dysentery.  Respecting  Greece,  Turkey,  and  Asia  Minor,  all  we  can  sat- 
is that  liver  abscess  is  met  with  in  these  countries  more  frequently  than 
in  Europe,  but  to  what  extent  is  uncertain. 

India  provides  the  most  trusttvorthy  statistics  of  hepatic  abscess,  and 
the  following  figures  refer  to  its  incidence  in  the  European  and  native 
troops  and  in  the  prison  population  : — 
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European  .\rmy. 
1891-1000. 

Native  Army. 
1891-1900 

Jail  Population. 
1901-1003. 

Death-nite.s  ]ier  1000  from  liver 
abscess  in  India 

1-25 

0-06 

0-09 

It  will  he  seen  from  this  table  that  the  death-rate  is  tM’enty-one 
:j  times  higher  among  the  European  than  the  native  troops,  and  fourteen 
times  higher  than  among  the  prisoners.  The  prevalence  of  the  disease 
1I  varies  greatly  in  different  regions  of  India,  as  is  evident  from  the  follow- 
I ing  table,  which  gives  the  death-rates  per  1000  from  liver  abscess  in  the 
d European  army  for  1901-3  in  the  different  geographical  areas  into  which 
•i  the  country  is  divided.  For  the  sake  of  comparison,  the  death-rates  from 
,-|  dysentery  for  the  corresponding  years  and  areas  are  added 


I.iver  Absce.ss. 

Dysentery. 

Burma  Coast,  Bay  Islands  ..... 

2-30 

3-70 

Burma  Inland  ........ 

1-35 

0-00 

Bengal,  Orissa  ...  . . 

6-55 

3-30 

Gangetic  Plain,  Cliota  Nagpur  . . 

•2-34 

0-93 

F]>per  Sub-Himalaya  ..... 

0-98 

1-07 

N.  W.  Frontier,  Indus  Valle}’,  N.W.  Rajputana 

0-38 

0-22 

S.E.  Rajputana,  Central  India,  Gujarat 

T75 

1-17 

Deccan  . . ...... 

1-27 

0-26 

West  Coast  .... 

1-06 

0-21 

Southern  India  . . 

flO 

0-19 

Hill  Stations  ........ 

]-08 

0-66 

A glance  at  the  above  table  shews  that  the  death-rates  from  liver 
abscess  and  dysentery  bear,  upon  the  whole,  a direct  relation  to  one 
another,  yet  not  so  close  and  constant  as  to  give  support  to  Chauffard’s 
dictum  that  “ the  more  frequent,  grave,  and  persistent  dysentery  is  in  a 
country,  in  the  like  proportion  will  suppurative  hepatitis  be  frequent, 
grave,  and  persistent.” 

Liver  abscess  is  comparatively  rare  among  the  natives  of  Ceylon, 
where  in  1 903  all  the  hospitals,  asylums,  and  public  institutions  furnished 
only  34  admissions  and  16  deaths,  while  dysentery,  chiefly  bacterial,  gave 
rise  to  2294  admissions  and  658  deaths. 

Liver  abscess  ajipears  to  be  less  common  in  the  Malay  Peninsula  than 
in  India.  There  were  no  deaths  among  the  European  troops  in  the 
Straits  Settlements  during  the  four  years  1888-91.  Nor  does  it  seem  to 
be  at  all  frequent  among  the  native  population.  In  the  year  1893  there 
were  only  five  admissions  for  liver  abscess  in  the  hospitals  of  the  Settle- 
ments serving  a population  of  572,449.  During  military  expeditions  in 
the  ]\Ialay  Peninsida,  however,  dysentery  and  liver  abscess  come  more 
into  evidence.  Thus,  Conwell  observed  no  fewer  than  seventeen  cases  of 
liver  abscess  in  the  General  Hospital  of  Penang  during  the  two  months 
of  June  and  July  1827.  In  Cochin  China  and  Tonkin  liver  abscess 


582 


SYSTEM  OF  MEDICINE 


forms  from  2 to  3 per  cent  of  the  total  deaths  among  the  French 
soldiers. 

The  experience  of  the  American  army  proves  the  prevalence  of  liver 
abscess  among  strangers  in  the  Philippine  Islands.  Strong  found  liver 
abscess  in  fourteen  out  of  ninety-seven  autopsies  of  amoebic  dysentery. 
Considering  its  prevalence  in  the  Phili2:>pines,  Java,  and  Sumatra,  it  is  all 
the  more  remarkable  that  there  is  so  little  liver  abscess  in  South  China. 
Respecting  Hong  Kong,  the  hosihtal  returns  for  1904  state  that,  “though 
dysentery  is  common  enough  hei'e,  liver  abscess  is  comparatively  rare, 
more  especially  among  the  Indians,  who,  however,  suffer  badly  from 
dysentery.”  This  statement  is  justified  by  the  returns  of  the  liospitals 
for  that  year,  which  shew  no  case  of  liver  abscess  among  the  2607  patients 
treated.  The  disease  appears  to  be  rare  in  Japan,  where  the  dysentery  is 
almost  entirely  of  the  bacterial  kind. 

Turning  to  Africa,  liver  abscess  is  common  among  the  European 
residents  in  Egypt  in  connexion  with  amoebic  dysentery.  The  latio  of 
admissions  among  the  British  troops  for  the  ten  years  1895-1904  was  PO 
per  1000.  The  natives,  on  the  other  hand,  suffer  little  from  the  disease. 
Griesinger  met  with  two  cases  only  of  abscess  in  186  autopsies  for  primary 
dysentery  in  the  native  hospital.  The  French  suffered  much  from  liver 
abscess  in  Algeria  in  the  early  years  of  their  occupation  when  military 
expeditions  were  frequent,  but  of  late  years  it  has  become  much  less 
common.  In  the  hospitals  of  Philippeville  and  Bougie  liver  abscess  formed 
from  12 '4  to  9 '6  per  1000  of  the  total  deaths  during  the  ten  years 
1867-76.  In  Senegal  liver  abscess  has  always  been  one  of  the  most  fatal 
diseases  of  the  Europeans,  but  it  is  comparatively  rare  among  the  natives. 
It  appears  to  have  become  much  less  common  in  Sierra  Leone  in  recent 
years,  if  accounts  of  its  former  prevalence  in  that  colony  are  to  be  credited. 
Of  twenty -nine  deaths  of  Europeans  registered  in  1900-1,  none  was 
from  liver  abscess,  and  only  one  case  occurred  in  the  native  hospitals  in 
the  same  jmars  out  of  2551  admissions.  Earlier  reports  speak  of  liver 
abscess  as  severely  endemic  along  the  whole  of  the  north-west  coast  of 
Africa,  but  this  does  not  appear  to  repi’esent  the  state  of  things  at  the 
present  day.  Macfarlane  states  that  he  has  never  seen  a case  of  liver 
abscess  at  Lagos,  although  dysentery  is  prevalent.  From  the  Equator 
southward  the  disease  is  not  at  all  frequent,  with  the  exception  of  some 
parts  of  the  Congo  Free  State,  where  Dryepondt  reports  it  to  be  rather 
common  as  a complication  of  dysentery.  Liver  abscess  was  extremely 
rare  as  a sequel  of  dysentery  (which  was  almost  entirely  bacteriaL  in  the 
late  war  in  South  Africa  (29).  In  the  non-malarious  island  of  St.  Helena 
hepatitis,  according  to  Lombard,  causes  29  per  1000  of  the  total  deaths. 
Few  details  are  available  resjiecting  its  prevalence  on  the  east  coast  of 
Africa ; but  as  regards  Zanzibar,  we  have  the  express  testimony  of  Lrago 
to  the  effect  that  hepatitis  and  abscess  of  the  liver  are  almost  unknown 
there.  It  is  very  different  in  Mauritius,  where  the  disease  is  known  to 
have  existed  since  the  first  settlement  of  the  island,  and  long  before  the 
advent  of  malaria.  In  1904  thirty  cases  Avere  treated  in  the  hospitals. 
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M but  this  ill  no  wise  represents  its  jictual  fre([uenc3',  as  the  white  population, 
I which  suffer  most,  tlo  not,  as  a rule,  enter  the  hospitals. 

Abscess  of  the  liver  is  rare  in  the  northern  states  of  the  United 
i'  States,  but  Prof.  Osier  informs  us  that  it  is  more  frequent  in  the  south, 
ti  Accounts  by  Sullivan  point  to  its  rather  frequent  occurreuce  in  New 
i<  Orleans. 

It  has  often  been  noted  with  surprise  that  liver  abscess  should  be  so 
•1  rare  in  ttie  West  Indian  Islands  as  compared  to  the  East  Indies,  but  this  is 
a undoubtedlv  the  case.  The  death-rate  of  the  troops  stationed  there  for  the 
four  years  i 888-91  was  0‘23  per  1000,  as  compared  with  U35  for  Bengal. 
J Earlier  and  later  observers  agree  in  representing  liver  abscess  as  rare  in 
I Jamaica.  I have  before  me  a statement  of  patients  admitted  into  the 
Kingston  Hospital  (9)  fi-om  the  1st  November  1807  to  the  31st  October 
I 1808.  The  total  admissions  numbered  845,  of  which  268  died,  including 
1 7 from  dysentery,  but  none  from  liver  abscess.  Dr.  D.  M.  Boss  states 

I that  he  has  never  seen  a case  following  dysentery  contracted  in  the 
island.  In  Trinidad  there  were  only^  four  admissions  for  liver  abscess  in 
1904-5  out  of  14,102  treated.  In  the  Leeward  Islands  generally,  the 
disease  apjiears  to  be  very  rare,  judging  from  the  Colonial  Hospital 
Keports.  It  is  undoubtedl_y  more  common  in  Cuba,  according  to  Sullivan’s 

i accounts ; and  here  it  is  generally^  l>ut  not  exclusively,  a comjilication  of 
dysentery.  We  know  that  it  is  not  infrequently  met  with  among  the 
P'rench  soldiers  stationed  in  Martinique  and  Guadeloupe,  but  exact  figures 
^ as  to  its  prevalence  are  wanting.  Liver  abscess  is  rare  in  British  Guiana, 

< where  there  were  only  1 1 admissions  for  the  disease  out  of  a total  of 

II  14,822  from  all  causes  in  1903-4.  There  is  reason  to  believe  that  it  is 

^ eiiually  rare  in  Surinam  and  Cayenne.  In  some  parts  of  Brazil  liver 

! abscess  is  rather  frequent,  especially  among  sailors  and  strangers. 

Nowhere  on  the  western  continent,  or  perhaps  in  the  world,  is  liver 
i abscess  so  fatal  as  along  the  northern  coast  of  Chile  and  the  coast  of  Peru. 

I About  21  per  cent  of  the  autopsies  at  Valparaiso  in  1871  revealed  abscess 

of  the  liver.  The  disease  ceases  to  be  endemic  in  the  more  temperate 
I districts  of  Chile,  south  of  the  35th  degree  of  latitude. 

From  a survey  of  its  distribution  we  may  conclude  («)  that  the  large 
liver  abscess  is  practically'  restricted  to  tropical  and  subtropical  countries  ; 
(ll)  that  its  prevalence  is  not  strictly  regulated  by  latitude  or  mean 
temperature — some  moist  and  hot  countries,  such  as  British  Guiana,  being 
comparatively  exempt ; (c)  that  it  is  met  with  in  non-malarious  counti’ies, 
but  this  does  not  exclude  the  influence  of  malaria  as  a disposing  cause  of 
abscess ; (d)  that  it  is  not  equally  distributed  over  a region  where  it  is 
endemic, — there  are  stations,  such  as  Barrackpur,  15  miles  above  Calcutta, 
that  are  hotbeds  of  liver  abscess  ; (e)  that  liver  abscess  is  most  common  in 
countries  where  amoebic  dysentery  prevails  ; (/)  that  the  natives  of  a 
country'  where  it  is  endemic  ai’e  much  less  liable  to  liver  abscess  than 
strangers  coming  from  cold  latitudes,  although  it  has  not  been  proved 
that  they'  are  less  subject  to  amoebic  dysentery. 

Altitude. — The  influence  of  altitudes  sufheient  to  reduce  the  mean 
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summer  temperatui'e  to  that  of  temperate  regions  in  diminishing  the 
prevalence  of  liver  abscess  is  incontestable.  Eouis  states  that  in  Algeria 
the  disease  is  rare  or  unknown  at  elevations  of  3000  metres;  and  Jourdanet 
and  Tschudi  both  point  out  the  rarity  or  absence  of  liver  abscess  at  high 
elevations  in  Mexico  and  Peru.  At  the  same  time,  it  is  often  observed 
to  be  more  frequent  at  moderate  elevations  than  at  the  sea-level,  where 
local  insanitary  conditions  favour  the  prevalence  of  dysentery.  At 
Secunderabad,  for  example,  1700  feet  above  the  sea- level,  extremely 
fatal  dysentery,  often  complicated  with  liver  abscess,  decimated  the  troops 
year  after  year  before  the  demolition  of  the  old  infantry  l)arracks  and 
the  introduction  of  much-needed  sanitary  improvements.  The  following 
table  gives  the  admissions  per  1000  for  liver  abscess  in  the  European  army 
of  India  at  various  elevations  for  the  three  }'ears  1895-97.  It  testifies  at 
once  to  the  influence  of  altitude  and  of  local  conditions  on  the  prevalence 
of  the  disease. 

Below  100  feet.  100-500.  500-1500.  1500-3500.  3500-5000.  5000-S000.  8000-13,000. 

2-8  2-4  1-7  2-1  1-9  1'2  00 

Meteorological  Conditions. — High  Mean  Temperature. — The  influence  of  a 
high  mean  temperature  in  determining  the  prevalence  of  liver  abscess  may 
be  inferred  from  its  latitudinal  and  altitudinal  relations.  Rouis  observed 
that  the  years  in  which  the  temperature  in  Algeria  was  unusually  high, 
such  as  1843,  1847,  1849,  and  1853,  were  those  which  invariably 
furnished  an  excessive  number  of  cases  of  liver  abscess.  The  way  in 
which  a high  temperature  favours  the  evolution  of  the  disease  is  not  so 
evident.  Heat,  no  doubt,  di.sposes  the  body  to  hepatic  inflammation,  but 
it  may  also  act  by  favouring  the  multiplication  of  amceboe  in  external 
media,  thus  increasing  the  prevalence  of  intestinal  amoebiasis,  which  is 
one  of  the  commonest  causes  of  hepatic  abscess.  In  numerous  individual 
instances  prolonged  exposure  to  extreme  tropical  heat  has  appeared  to  be 
the  determining  cause  of  absces.s,  but  in  these  cases  co-operating  factors 
cannot  be  excluded. 

Vicissitudes  of  Temperature. — Attention  has  ali'cady  been  directed  to 
the  comparative  rarity  of  liver  abscess  in  countries,  such  as  the  Straits 
Settlements  and  British  Guiana,  with  a hot,  moist,  but  equable  climate,  as 
compared  with  Senegal  and  Chile,  where  the  range  of  temperature  is  high 
and  the  fluctuations  sudden.  We  shall  be  the  less  disposed  to  question 
the  influence  of  vicissitudes  of  temperature  as  a factor  in  determining  the 
varying  prevalence  of  the  disease  in  different  tropical  regions  if  we  bear 
in  mind  the  frequency  with  which  abscess  develops  in  those  who  return 
to  Europe  from  the  tropics  in  winter  or  early  spring.  Some  of  these 
cases  would  probably  not  have  terminated  in  abscess  had  the  patients  not 
been  subjected  to  the  inclemency  of  an  English  winter.  Vicissitudes  of 
temperature  will  certainly  not  suffice  to  give  rise  to  an  abscess  in  a 
healthy  liver ; but  the  case  is  different  when  the  organ  is  diseased  by 
tropical  residence  and  chronic  dysentery.  Maclean  remarked  that  in  his 
ex{)erience  the  most  frequent  cause  of  acute  congestion  of  the  liver  is 
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exposure  to  a sudden  change  of  temperature.  “I  call  to  mind,”  he  says, 
; “some  striking  examples  not  only  of  acute  congestion  of  the  liver  brought 
' about  in  this  way,  but  of  fatal  sup})urative  iiiHammation.”  He  relates  an 
instance  of  abscess  developing  in  India,  as  the  result  of  a chill,  in  a young 
man  who  does  not  appear  to  have  suffered  from  dysenteiy.  A case  of 
liver  abscess  came  under  my  observation  in  Mauritins,  the  snbject  of 
1 which,  a young  Hindoo  of  intemperate  habits,  had  never  sutl'ered,  so  far 

- as  could  be  made  out,  from  dysentery.  His  account  was  that  after  a 
• debauch  he  lost  his  way  home,  lay  down  on  the  damp  ground,  and  fell 

- asleep.  On  awaking  next  morning  he  felt  severe  pain  in  the  right  hypo- 
j chondrium,  followed  by  fever,  and  terminating  in  abscess.  In  this  case 
1 the  causal  relation  between  the  chill  and  the  abscess  can  scarcely  be 


ml  Prevalence. — According  to  most  of  the  Indian  authorities. 


hepatic  abscess  is  most  common  at  the  end  of  the  rains  and  the  beginning 
I of  the  cold  season,  when  the  range  of  temperature  is  greatest.  Majoi- 
- Rogers  concludes,  from  an  analysis  of  the  dates  of  236  admissions  in 
( Calcutta,  that  there  is  no  season  of  special  prevalence  of  the  disease.  At 

1st.  Louis  in  Senegal,  on  the  other  hand,  Avhere  the  distinction  of  seasons 
is  well  marked,  Thevenot  found  the  admissions  in  5 1 cases  to  be  disti'i- 
buted  as  follows: — October  to  March  31,  April  to  June  11,  July  to 
^ September  9,  shewing  a distinct  preponderance  of  cases  in  the  cold 
>(  season,  when  the  diurnal  ranges  are  extreme.  This  represents,  I believe, 
the  seasonal  prevalence  of  hepatic  abscess  wherever  similar  conditions 
^ obtain. 

Relation  to  Dysentery. — Olmeta’s  definition,  “I’hepatite  c’est  la 
dysenteric  du  foie,”  expresses  epigrammatically  the  close  relation  which  has 
long  been  recognised  between  dysentery  and  inflammation  of  the  liver. 
Many  pathologists  at  the  present  day,  excluding  all  other  agents,  regard 
amcel)ic  dysentery  as  practically  the  sole  determining  factor  in  the 
causation  of  tropical  liver  abscess.  Vaillard,  one  of  the  most  recent 
■ authorities  on  the  subject,  says,  “Peu  nombreux  sont  les  abces  du  foie 
dits  idiopathiques,  si  meme  Us  existent  reellement.”  Liver  abscess,  it  is  said, 
difters  from  all  other  abscesses  in  the  character  of  its  pus,  which  points 
to  it  being  the  product  of  a specific  organism.  Liver  abscess  is  tropical 
because  amoebic  dysentery  is  confined  to  the  tropics ; and  its  ])revalcnce 
in  a given  country  or  locality  is  determined  by  the  prevalence  and 
severity  of  amoebic  dysentery  in  such  a countiy  or  locality.  This 
doctrine  is  attractive  from  its  simplicity,  ;uid  also  from  the  large  amount 
of  truth  it  contains.  Whether  there  is  only  one  foi'm  of  tropical  al>scess, 
and  that  exclusively  of  amoebic  origin,  is  the  point  we  have  now  to 
consider. 

Hepatic  abscess  is  foreign  to  the  pathology  of  the  e])idemic  dysentery 
of  temperate  climates.  Finger  did  not  meet  with  a single  case  of  liver 
abscess  in  231  dysentery  autopsies  in  Prague  from  1846  to  1848,  and 
Altschul  found  oidy  one  abscess  in  279  fatal  cases  of  dysenteiy  in  the 
same  city  from  1880  to  1884.  The  same  is  true  of  the  epidemic 
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dysentery  of  the  tropics.  The  dysentery  of  war  in  temperate  climates  is 
rarely  followed  by  abscess.  Marston  observed  two  cases  only  of  liver 
abscess  among  the  numerous  soldiers  from  the  Crimea  suffering  from 
dysentery  who  came  under  his  care  in  Malta.  The  same  absence  of  liver 
abscess  in  connexion  with  dysentery  was  noticed  by  Burkardt  during  the 
Franco-C4erman  war ; and,  as  we  have  seen,  liver  abscess  was  extremely 
rare  in  the  dysentery  of  South  Africa  during  the  Boer  Avar.  Multiple 
liver  sup]3urations,  containing  the  Staphylococcus  pyogenes  aureus  only,  Avei’e, 
hoAvever,  found  by  Birt  in  one-half  of  the  cases  of  dysentery  due  to 
Shiga’s  bacillus,  in  Avhich  superficial  gangrene  was  present  and  large 
excaA^ated  ulcers  Avere  formed.  Equally  remarkable  is  its  entire  absence 
in  some  of  the  most  fatal  outbreaks  of  institutional  or  asylum  dysentery- 
in  temperate  climates.  Baly  did  not  meet  Avith  a single  case  in  the  many 
hundreds  Avho  died  of  dysentery  at  Millbank.  Nor  is  it  much  more 
common  in  the  prison  dysentery  of  India,  occurring,  according  to  Major 
Buchanan’s  figures,  in  1 out  of  681  cases.  As  it  is  noAv  ascertained  that 
epidemic  and  institutional  dysenteiy,  and  that  of  A\'ar  in  temperate 
climates,  are  of  the  bacterial  type,  Ave  are  AA-arranted  in  concluding  that 
bacterial  dysentery  is  not  usually  associated  with  large  liver  abscess. 

One  form  of  dysentery,  Avhich  Ave  noAv  recognise  as  amcebic  and 
as  practically  restricted  to  the  tropics,  is  proved,  on  the  other  hand, 
to  be  frequently  complicated  Avith  or  folloAved  by  liA'^er  abscess.  In 
attempting  to' establish  the  frequency  of  this  complication,  the  statistics 
of  earlier  observers,  avIio  Avere  ignorant  of  the  distinction  betAveen  the 
two  forms  of  dysentery,  are  of  no  use.  Hence,  Ave  are  confined  to  the 
scanty  observations  of  recent  years.  Kruse  and  Pasquale  found  liver 
abscess  in  4 out  of  11,  Councilman  and  Lafleur  in  6 out  of  9,  and 
Strong  in  14  out  of  96  autopsies  of  amcebic  dysentery.  These  figures 
give  an  average  of  one  case  of  liver  abscess  in  four  or  five  fatal  cases  of 
amoebic  dysentery.  The  proportion  Avill,  of  course,  be  considerably  less 
if  cases  Avhich  recover  as  Avell  as  those  Avhich  die  are  taken  into  account. 
Harris  met  Avith  liver  abscess  tAA'ice  in  thirty-five  cases  of  amoebic  dysentery 
Avhich  he  investigated.  The  frequency  Avith  Avhich  the  hepatic  complication 
occurs  \-aries,  no  doubt,  in  different  countries,  seasons,  and  circumstances, 
and  also  in  different  races.  We  can  hardly  be  AA'rong  in  thinking  that 
amoebic  dysentery  is  less  freqiiently  folloAved  by  liver  abscess  in  the 
native  of  India  or  Africa  than  in  the  European,  and  aa'b  liaA'e  good 
grounds  for  believing  that  it  increases  in  preA'alence  during  AA'ar  in  coun- 
tries Avhere  amcebic  dysentery  is  endemic.  From  all  this  it  is  clear  that 
the  relation  betAveen  the  dysentery  and  abscess  is  a contingent  one — • 
other  factors  determining  Avhether  the  dysentery  Avill  give  rise  to 
abscess. 

It  is  obviously  more  important,  so  far  as  the  etiology  of  the  disease 
is  concerned,  to  ascertain  the  proportion  of  cases  in  Avhich  liver  al^scess 
is  associated  Avith  dysentery  than  the  frequency  AA’ith  Avhich  the  latter  is 
folloAved  by  abscess ; and  here  the  observations  of  the  eaidier  physicians 
are  available.  The  folloAving  table  presents  the  percentage  of  cases  of  liver 
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abscess  fouiul  associated  Avith  dysentery  or  intestinal  nlceration  by  some 
of  the  best  observers  in  different  countries  : — 


! Observer. 

Country. 

N'umber  of 
Case.s  of 
Abscps.s. 

Percentage  of  Case.s 
associated  Avitli  Dysentery 
or  Intestinal  Ulceration. 

1.  Anneslej- 

India  . 

29 

72-3 

2.  \Varing,  E.  . 

204 

72-2 

3.  Sanitarv  Coiumissioners . 

509 

53  0 

•1.  Kogers  .... 

Calcutta 

63 

90-48 

11.  Sachs  .... 

Egypt  . 

48 

41-7 

t).  Kartulis .... 

500 

55  to  60 

7.  Zancarol 

444 

59-0 

8.  Kebsch  and  Kiener  . 

Algeria 

500 

85-0 

9.  Smith  .... 

L* 

Seannin’s  Hospital 

45 

84-0 

The  statistics  of  the  Sanitary  Commissioner  with  the  Government  of  India 
(26)  give  the  percentage  of  cases  in  which  ulceration  of  the  large  intestine  was 
found  associated  with  liver  abscess  for  the  period  of  six  years — 1 896-1901.  The 
istatistics  for  1901,  which  being  the  latest  may  be  assumed  to  be  the  most 
laccurate,  give  the  number  of  cases  of  liver  abscess  in  Avhich  a complete  post- 
mortem examination  was  made  at  59.  Of  these,  the  abscess  was  associated  with 
ailceration  of  the  intestine  in  58-9  per  cent  ; and  in  41T  per  cent  no  ulceration 
I was  discovered.  But  three  of  the  23  cases,  in  which  there  was  no  intestinal 
desion,  were  associated  Avith  dysentery,  Avhich  reduces  the  proportion  of  cases 
in  Avhich  neither  dysentery  nor  its  lesions  were  present  to  35-7  per  cent. 

I Major  Eogers’  figures  sheAv  the  percentage  of  cases  in  Avhich  there  was  either 
clinical  or  post-mortem  evidence  of  past  or  present  dysentery.  Both  clinical 
land  post-mortem  proof  of  dysentery  Avere  present  in  55‘5  per  cent  only  of  his 
observations;  post-mortem  eAudence  alone  in  20'63  per  cent,  and  in  14-3  jAer 
cent  there  A\-as  clinical  but  no  post-mortem  evidence  of  previous  dy.senteiy. 
f His  observations,  made  in  Calcutta,  prove  beyond  doubt  the  almost  exclusively 
i dysenteric  character  of  liver  abscess  in  that  city.  In  eleven  of  Sachs’  cases  in 
'Avhich  dysentery  Avas  present  no  causal  connexion  betAveen  the  intestinal  and 
liver  diseases  Avas  made  out. 

A feAv  additional  facts  bearing  on  the  relation  of  dysentery  to  liA^er 
abscess  may  here  be  noticed.  Morehead  failed  to  discover  any  in- 
testinal lesion  in  tAA^enty-one  of  his  fatal  cases  of  liver  abscess. 
Kartulis,  Avhose  object  w^as  to  establish  the  existence  of  an  amoebic 
form  of  liver  abscess,  Avas  obliged  to  relegate  eleven  out  of  thirty- 
three  cases,  that  is,  33  3 per  cent,  to  the  category  of  idiopathic 
abscesses,  having  failed  to  find  any  history  of  dysentery,  any  intestinal 
lesion,  or  amoebm  in  the  pus  or  abscess-Avall.  In  seven  out  of  fifteen 
cases  investigated  by  Kruse  and  Pasquale  there  Avas  no  history  of 
dysentery,  and  no  amoebae  present  in  the  contents  of  the  abscess.  In 
four  out  of  five  cases  of  liver  abscess  occurring  in  hlong  Kong,  in  1 903, 
there  aa’us  no  trace  of  dysentery,  and  no  amoebae  Avere  found  in  the  pus 
or  abscess-Avall.  Prof.  INIeyer,  of  Grant  Medical  College,  Bomba}'’, 
informs  me  that  in  a large  number  of  cases  of  tropical  abscess  under 
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his  care  there  was  110  history  of  dysentery,  and  often  not  the  slightest 
trace  of  past  or  present  dysenteric  lesion. 

A history  of  previous  dysentery  is  not  sufficient  to  stamp  a liver 
abscess  as  amoebic,  or  even  as  dysenteric,  if  there  are  neither  lesions  in 
the  bowel  nor  amoebse  in  the  pus  of  the  abscess.  Instances  of  large 
single  liver  abscess,  following  upon  what  was  presumably  a non-amoebic 
diarrhoea  of  the  mildest  possible  kind,  have  been  observed  in  persons 
who  had  never  been  out  of  England  (la).  Neither  is  it  safe  to  assume 
that  a liver  abscess  associated  with  amoebic  dysentery  is  necessarily 
caused  b}^  the  amoebie.  Haasler,  who  was  in  medical  charge  of  the 
German  troops  during  the  China  expedition,  in  many  cases  did  not 
detect  amoebae,  but  only  cocci  and  bacteria  of  the  colon  group.  When, 
on  the  other  hand,  amoebae  are  present  in  the  abscess,  this  may  be  taken 
as  conclusive  proof  of  its  nature,  even  in  the  absence  of  dysenteric  lesions, 
for  an  amoebic  diarrhoea  is  frequently  followed  by  abscess.  There  is 
some  reason  also  for  believing  that  amoebae  present  in  the  bowel  may 
give  rise  to  liver  abscess  without  causing  diarrhoea  or  dysentery. 
A liver  abscess,  again,  in  a patient  who  has  suffered  some  years  previously 
from  amoebic  dysentery,  may  be  the  result  of  the  dysentery,  and  yet  not 
caused  by  an  invasion  of  amoebae.  In  other  words,  an  amoebic  dysentery 
may  be  the  indirect  cause  of  an  idiopathic  abscess. 

What  conclusions,  then,  are  we  to  draw  from  the  data  before  us  % 
Examination  of  the  figures  as  they  stand  shews  that  some  of  the  best 
observers  have  failed  to  obtain  evidence  of  a dysenteric  or  amoebic  origin 
in  from  15  to  30  per  cent  or  more  of  their  cases.  That  practically  all 
the  cases  in  Calcutta  appear  to  be  amoebic  is  no  proof  that  the  same  holds 
true  eveiywhere.  It  is  impossible  to  ignore  the  observations  of  Kartulis, 
Kruse  and  Pasquale,  Koch,  Councilman  and  Lafleur,  Meyer  and  Childe, 
which  have  led  them  to  admit  the  existence  of  an  idiopathic  abscess. 
I have  seen  a considerable  number  of  cases  in  which  a previous  dysentery 
or  diarrhoea  could  be  positively  excluded. 

Late  abscesses  are  those  which  occur  after  the  patient  has  left  the 
tropics  for  five,  ten,  or  even  twenty  years,  and  has  been  free  from  all 
symptoms  referable  to  bowel  or  liver.  In  most  of  these  cases  there  is  a 
remote  history  of  dysentery,  and  in  some,  as  in  a case  recorded  by 
Josserand,  latent  dysenteric  lesions  may  be  found  in  the  large  intestine. 
In  most  instances,  however,  no  trace  of  dysentery  is  to  be  found  post- 
mortem. These  abscesses  are  generally  sterile,  and  do  not  contain 
amoebte.  Some  of  them  are  probably  due  to  a latent  liver  abscess, 
which,  for  some  reason  or  other,  has  become  the  seat  of  an  acute 
inflammatory  process. 

Mr.  Cantlie  has  drawn  attention  to  the  somewhat  frequent  occurrence 
in  the  tropics  of  what  he  calls  “ suprahepatic  ” abscess.  This  he  describes 
as  “ situated  between  the  layers  of  the  suspensory  ligament  of  the  liver, 
having  as  boundaries  the  peritoneum  (limiting  the  space  between  the 
layers  of  the  suspensory  ligament)  circumferentially,  the  liver  below,  and 
the  diaphragm.”  The  suprahepatic  abscess  is  not  a sequel  of  dysentery, 
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nor  is  it  ushered  in  by  hepatitis,  but  is  caused,  as  Mr.  Cantlie  believes, 
by  a chill.  Although  not  a hepatic  abscess  in  the  strict  sense  of  the 
word,  its  existence  and  characters  require  to  be  remembered  foi' 
diagnostic  reasons. 

To  sum  up ; the  following  forms  of  tropical  abscess  are  met  with  : — 
{(()  Amwbic  abscesses,  forming  the  great  majority  of  cases,  associatetl 
with  amoebic  dysentery  or  diarrhoea,  active  or  latent,  (b)  One  or  more 
large  abscesses  are  occasionally  found  in  connexion  with  bacterial 
dysentery,  when  it  gives  rise  to  deep,  sloughing  idceration  in  the  boAvel. 
Small  multiple  pytemic  abscesses  scattered  through  the  substance  of  the 
liver  are,  however,  of  more  frequent  occurrence  than  the  single  abscess, 
and  it  is  by  the  fusion  of  these  that  the  large  abscesses  are  formed. 
{(')  An  idiopathic  abscess,  by  which  is  meant  one  not  caused  b}^  amoebic 
invasion  of  the  liver,  is  present  in  a very  considerable  nund)er  of  cases, 
its  relative  prevalence  varying  apparently  in  diHerent  regions,  and, 
perhaps,  at  different  epochs,  (d)  The  suprahepatic  abscess,  which  has  no 
relation  to  dysentery,  is  to  be  looked  upon  as  an  extrahepatic  form 
of  idiopathic  abscess,  (e)  The  late  abscess,  of  tropical  origin,  remotely 
related  to  amoebic  dysentery,  but  in  most  cases  idiopathic  in  its  final 
development. 

"When  liver  abscess  is  associated  with  dysentery  what  is  the  sequence 
in  which  they  respeetively  appear  1 Annesley  and  Morehead  considered 
that  in  many  instances  the  hepatic  disease  precedes  and  gives  rise  to  the 
dysentery,  and  at  the  present  day  this  view  has  the  support  of  Kelsch. 
In  34  cases  of  which  I have  notes,  dysentery  preceded  the  abscess  in  21, 
followed  it  in  4,  and  in  9 instances  the  two  diseases  developed  simul- 
taneously. In  no  fewer  than  6 out  of  the  21  cases  in  which  the 
dysentery  preceded  the  abscess,  it  is  noted  that  the  hepatic  symptoms 
either  appeared  immediately  on  the  cessation  or  followed  closely  on  an 
abatement  of  the  dysenteric  flux.  Major  Eogers  found  either  clinical  or 
post-mortem  evidence  of  antecedent  dysentery  iii  all  but  tAvo  out  of  forty 
cases  of  liver  abscess. 

Relation  to  Malaria. — AVhen  the  malarial  hypothesis  of  hejmtic 
abscess  AA'as  accepted  it  AA'as  taken  for  granted  that  the  congestions  of  the 
li\"er  occurring  in  the  course  of  the  fever  Avere  the  determining  cause  of 
abscess  formation  ; and  noAv  that  this  conception  is  exploded  it  is  equally 
taken  for  granted  that  malaria  has  little  or  no  influence  in  the  ]Aroduction 
of  hepatic  abscess.  The  precise  action  of  the  toxins  of  malaria  on 
the  liver  has  not  been  thoroughly  investigated ; hyaline  degeneration 
or  necrosis  of  the  hepatic  cells  has  been  observed  by  Flexner  and  others 
in  connexion  Avith  tropical  tertian,  Avhich  points  to  malaria  as  a predis- 
posing cause  of  abscess.  Not  a fcAV  instances,  hoAvever,  arc  on  rccoi’d  in 
Avhich  the  nexus  betAveen  malaria  and  liver  abscess  appears  to  have  been 
closer  than  the  term  predisposinej  implies.  I shall  only  quote  tAvo 
examples  of  this  kind  : — Mr.  Bell,  of  the  Civil  Hospital  at  Hong  Kong, 
records  the  case  of  a young  officer  of  three  months’  service,  in  Avhom  none 
of  the  ordinary  causes  of  liver  abscess  Avere  present.  He  AA^as  admitted 
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with  eiilargenieiit  of  the  liver,  and  liis  blood  contained  numerous  parasites 
of  malaria.  The  liver  diminished  in  size  under  quinine,  but  the  fever 
persisted,  and,  as  a precautionary  measure,  the  liver  was  explored  and 
pus  \vas  found.  A Trench  officer  was  admitted  with  fever  and  liver 
abscess,  but  no  dysentery  or  diarrhoea,  and  his  blood  shewed  numerous 
parasites  of  tropical  tertian.  After  the  operation  for  liver  abscess  the 
temperature  continued  high  (lO-t'S  F.).  Under  the  action  of  quinine  the 
fever  disappeared.  In  cases  of  this  kind  it  is  impossible  to  exclude  the 
influence  of  the  malarial  virus  in  the  causation  of  the  abscess. 

Personal  Factors. — Age. — Liver  abscess  is  a disease  of  adult  age,  but 
children  are  not  altogether  immune.  Dr.  Rolleston  has  collected  refer- 
ences to  16  cases  of  “typical  tropical  abscess”  in  children,  all  of  which 
were  associated  with  dysentery.  In  two  instances  amoebae  were  found  in 
the  pus  of  the  abscess.  I may  here  add  2 cases  in  children  aged 
respectively  three  and  ten  years,  reported  in  the  Hong  Kong  Hospital 
returns  for  1903;  in  neither  were  amoebae  or  bacteria  present  in  the  pus 
or  abscess-wall.  I find  three  deaths  from  liver  abscess  returned  as  occur- 
ring in  an  aggregate  of  38,305  soldiers’  children  in  India — a ratio  of 
0'08  per  1000.  The  age  liability  in  percentages  for  the  European  army 
of  India  for  the  three  years  1901-3  was  as  follows  ; — 

Under  20  20-25  25-30  30-35  35-40  40  and  nijward 

4 10  22  20  18  26 

If  the  average  for  a lai-ger  number  of  years  were  taken  we  should 
doubtless  find  a more  uniform  increase  with  advancing  age  ; bi;t  the 
figures,  as  they  stand,  full}^  cori’oborate  the  inference  of  Bryden  that  liver 
abscess  is  “a  disease  of  degeneration.” 

Sex. — Men  are  everywhere  much  more  liable  to  liver  abscess  than 
women — the  proportion  being  generally  stated  as  30  : 1.  This,  I think, 
is  an  exaggerated  estimate  of  the  difference  in  the  liability  of  the  sexes. 
The  Indian  statistics  for  1901-3  give  a death-rate  of  1'5  per  1000  for  the 
men  and  of  0'24  for  the  women — a ratio  of,  say,  7 : 1.  The  liability  of 
women  in  the  better  classes  would  naturally  be  less  than  that  of  those 
attached  to  the  army.  The  relative  immunity  of  the  female  sex  is  the 
result  of  their  more  temperate  habits,  and  of  their  being  less  exposed  to 
the  exciting  causes  of  the  disease.  Van  der  Burg  ascribes  it  to  menstrua- 
tion, and  this  may  have  a certain  influence  in  diminishing  liability  to 
hepatic  congestions  and  indirectly  to  abscess. 

Race. — -It  is  univer.sally  agreed  that  the  natives  of  tropical  climates  are 
much  less  liable  to  liver  abscess  than  strangers  from  cold  latitudes,  as  is 
shewn  by  the  figures  for  the  European  and  native  armies  of  India  given 
above  (p.  581).  The  experience  of  Haspel,  who  had  charge  of  the  foreign 
legion  in  Algeria,  was  to  the  effect  that  Italians  and  Spaniards  were  less 
subject  to  hepatitis  than  the  natives  of  the  north  of  Europe.  The 
former,  he  says,  “ proved  physiologically  better  adapted  to  the  country.” 
llahiU. — Intemperance. — “ The  causes  of  liver  abscess,”  says  Aretaeus, 
“ are  intemperance,  a protracted  disease,  especially  dysentery,  and 
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colliquative  wasting.”  So  far  as  alcohol  is  concerned,  all  modern  observers 
agree  with  him  in  givitig  it  a leading  place  in  the  etiology  of  the  disease. 
Of  40  cases  of  liver  abscess  in  which  K.  J.'  W'aring  noted  the  habits  of 
the  patients  he  found  that  6 7 '5  per  cent  were  intemperate.  “We 
seldom,”  says  Cayley,  “ meet  with  hepatitis  or  liver  abscess  among  total 
abstainers,  except  the  pya?mic  form  directly  associated  with  dysentery.” 
The  comparative  immunity  of  the  natives  of  the  East  is  largely  to  be 
ascribed  to  their  temperate  habits.  Dr.  Sandwith  informed  me  that  in 
Egypt  the  strict  Mohammedan  who  follows  the  rules  of  the  Prophet, 
although  not  exempt  from  livei’  disease,  seldom  suffers  from  hepatic  abscess. 
“ It  is  very  rare  among  the  peasant  folk,  women,  and  children  of  all 
races  who  are  practically  teetotallers.”  Conwell,  in  the  same  way,  stated 
that  “ the  native  domestics  who  acquire  European  vices  are  equally  or 
more  subject  to  hepatitis  than  the  European.”  The  pernicious  influence 
of  alcohol  on  the  liver  manifests  itself  in  temperate  climates  in  giving 
rise  to  cirrhosis  and  other  forms  of  hepatic  disease.  The  mortality 
among  publicans  at  hotne  from  diseases  of  the  liver  is  six  times  greater 
than  that  of  other  classes  of  corresponding  age.  In  India,  alcohol  does 
not,  indeed,  give  rise  to  cirrhosis  so  often  as  in  Europe,  for  the  reason 
suggested  by  Maclean,  that  “ the  drunkard  in  India  finds  a shorter 
road  to  the  grave.”  I would  only  add  as  the  result  of  my  own  observa- 
tions that  the  constant  use  of  alcoholic  liquors,  short  of  intemperance, 
es])ecially  tippling  between  meals,  powerfully  disposes  to  liver  abscess. 

Food. — An  excess  of  animal  food  and  the  use  of  strong  curries  and 
rich  pastries  contribute,  along  with  other  causes,  in  disposing  the 
European  to  liver  abscess;  but  the  influence  of  excesses  of  this  kind  has 
been  exaggerated.  The  comparative  immunity  of  the  rich  native,  who 
often  makes  up  for  his  abstinence  from  alcohol  by  gluttony,  seems  to 
shew  that  abscess  of  the  liver  is  not  the  penalty  specially  attached  to  this 
vice. 

Acclimatisation. — Prolonged  residence  in  the  tropics  tends  to  increase 
■ rather  than  to  diminish  the  liability  of  the  European  to  liver  disease  and 
abscess.  This  will  be  seen  from  the  following  table,  which  gives  the  per- 
centage mortality  from  liver  abscess  according  to  length  of  residence 
and  the  percentage  of  invaliding  for  hepatitis  and  liver  abscess  for  the 
years  1901-3  : — 


Under 
1 year. 

1-2. 

2-3. 

3-4. 

4-.5. 

5-10. 

10  years 
and 

upwards. 

Mortality  from 
liver  abscess  . 

18 

7 

10 

12 

14 

25 

14 

Invaliding  from 
hepatitis  and 
liver  abscess  . 

3 

10 

8 

10 

_ 11 

24 

34 

It  will  be  observed  that  the  mortality  from  liver  ab.scess  during  the  first  year 
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oI  residence  is  very  testifying  to  tlie  newcomer’s  want  of  adaptation  to 

tropical  conditions.  After  the  second  year  a steady  rise  in  the  mortality  from 
abscess  sets  in,  caused  no  doubt  by  the  increasing  inadequacy  of  the  gradually 
deteriorating  liver  for  the  work  thrown  upon  it.  The  amount  of  invaliding 
from  hepatitis  and  liver  abscess  combined  increases  according  to  length  of  resi- 
dence, and  is  a measure  of  the  prolonged  effects  of  climate  and  other  conditions 
in  determining  functional  and  structural  diseases  of  the  viscus. 

Morbid  Anatomy. — Number  of  Abscesses. — From  the  discrepant  results 
obtained  by  observers,  it  may  be  inferred  that  the  proportion  in  which 
the  abscess  is  single  or  multiple  is  a variable  quantity.  Of  288  cases 
analysed  by  E.  J.  Waring,  the  abscess  was  single  in  61 ‘5,  double  in  11 '4, 
and  multiple  in  27  per  cent.  Niblock  found  the  abscess  single  in  83, 
and  multiple  in  17  per  cent  of  his  cases  in  the  Madras  CTeneral  Hospital. 
Prof.  Mejmr  informs  me  that  in  Bombay  abscesses  are  almost  always 
single.  The  ratios  in  cases  under  my  observation  corresponded  closely 
with  those  of  Rouis,  viz.  75  per  cent  single,  11  per  cent  double,  and 
14  per  cent  multiple.  In  one  respect  all  these  observations  agree,  viz. 
in  shewing  a large  preponderance  of  single  abscesses,  a point  of  great 
importance,  as  it  is  these  that  almost  exclusively  recover  on  opei’ation. 
Very  different  proportions  are  given  by  the  Sanitary  Commissioner  for 
India;  thus,  in  509  autopsies  during  the  six  years  1896-1901,  there 
were  34  per  cent  of  single  to  66  per  cent  of  multiple  abscesses.  A 
very  considerable  number  of  cases  of  single  abscess  would,  of  course, 
be  eliminated  by  operation,  while  the  multiple  cases  Avould  come  to 
autopsy.  This  will  account,  to  a certain  extent,  for  the  preponderance 
of  multiple  abscesses  observed,  but  whether  it  explains  the  absolute 
reversal  of  the  ratios  hitherto  observed  may  Re  open  to  doubt. 
Although  a single  abscess  is  fi'equently  found  in  dysenteric  cases,  it  is 
more  commonly  met  with  when  there  is  no  intestinal  complication. 
The  following  table  presents  diagrammatically  an  analysis  of  the  Indian 
results,  shewing  the  relation  of  the  single  and  multiple  abscess  to  intestinal 
ulceration ; it  merits  some  attention  on  account  of  its  bearings  on  the 
question  of  the  existence  of  a dysenteric  and  non-dysenteric  form  of  liver 
abscess. 
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Two  or  more  large  abscesses  are  not  infrequently  found  close  to  one 
uanother,  divided  by  septa,  or  communicating  by  a narrow  sinus.  These 
I may  become  united  when  one  of  them  is  drained — the  septa  giving  Avay 
when  the  equilibrium  is  disturbed. 

— The  abscess  is  seated  in  the  right  lobe  in  from  70  to  80  per 
•cent  of  the  cases,  in  the  left  lobe  in  from  5 to  15  jjer  cent,  and  in  the 
lobus  Spigelii  in  from  2 to  5 jier  cent.  iMaclean  found  both  lobes  to  be 
the  seat  of  abscesses  in  9 per  cent  of  his  cases.  The  xijjper  and  posterior 
part  of  the  right  lobe  is  the  common  seat  of  abscess.  Much  less  fre- 
(piently  it  occiiines  the  concave  surface.  In  either  event  it  may  be 
■situated  superficially  or  deeply  in  the  substance  of  the  organ.  In 
explanation  of  the  comjaarative  frequency  with  which  the  right  lobe  is  the 
•seat  of  abscess,  it  will  be  borne  in  mind  that  it  is  six  times  the  size  of  the 
left  lobe,  while  Ser4ge’s  experiments  apjiear  to  indicate  that  the  blood 
tfrom  the  intestines  is  directed  chiefly  into  the  right  lobe.  Major  Rogers 

[believes  that  the  explanation,  in  resjaect  to  the  siqjerficial  abscesses  at 
least,  lies  in  the  frequency  with  which  amoebic  dysentery  invades  the 
I ascending  colon  and  hepatic  flexure,  2)ermitting  the  direct  passage  of 
1 amoebae  across  the  {)critoneum  to  the  right  lobe. 

(inil  Size. — A hepatic  abscess  is  rounded  provided  its  uniform 
. exparrsion  is  not  interfered  with;  but  it  often  becomes  irregular,  and  even 
digitate,  from  the  fusion  of  neighbouring  collections  of  pus.  The  !<i.~e 
of  an  abscess  when  it  enters  its  surgical  phase  varies  greatly,  according 
to  its  age,  stage  of  progress,  and  the  resistance  of  the  tissues.  Some 
contain  only  two  or  three  ounces  of  pus,  from  others  one  Imndred 
and  fiftv  ounces  or  more  may  be  evacuated.  There  is  no  difference 
between  the  idiopathic  and  dysenteric  abscesses  as  regards  their  size. 

Siafe  of  Liver  outside  the  Zone  of  the  Abscess. — Kouis  found  that  when 
the  pus  was  evacuated,  the  volume  of  the  liver  was  normal  in  al)out  63 
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per  cent  of  his  observ;itions.  In  many  cases  its  volume  or  -weight  is 
actually  increased,  but  sometimes  the  greater  part  of  the  aftected  lobe  is 
destroyed  with  a corresj^onding  decrease  in  weight.  According  to 
Waring,  the  suV)stance  of  the  liver,  apart  from  the  abscess  and  the  imme- 
diately surrounding  tissue,  is  generally  softened  or  otherwise  altered  in 
colour  or  consistence.  Out  of  twenty-five  observations  recorded  by 
Ronis,  the  liver  was  found  diseased  in  nineteen  and  apparently  healthy  in 
six  cases.  Kelsch  and  Kiener,  on  the  other  hand,  conclude  that  the 
integrity  of  the  pai-enchyma  outside  the  abscess  zone  is  the  rule,  not  the 
exception.  When  the  abscess  has  followed  on  long-continued  dysentery, 
I have  rarely  found  the  liver  throughout  in  a healthy  state.  The  fre- 
cpiency  with  which  perfect  recovery  follows  evacuation  of  the  pus  proves, 
however,  that  the  suppurative  process  must  often  be  dependent  on 
localised  lesions,  rendering  a particular  area  liable  to  be  surprised,  as  it 
were,  by  a microbic  invasion,  which  it  was,  perhaps,  only  temporarily 
unable  to  resist. 

Fornmiion  and  Contents  of  Abscess. — Whatever  dificrences  exist  in  the 
modes  of  formation  of  the  idiopathic  and  d3^senteric  abscesses  respectivelv, 
these  depend  solely  on  the  presence  of  amoeba3  in  the  latter.  The  idio- 
pathic variety  is  conceived  as  being  more  directly  the  result  of  an  inflam- 
matory process ;.  the  amcebic  as  more  purely  necrotic : the  former 
associated  with  poljunorphonuclear  infiltration  of  the  liver  tissue,  the 
latter  characterised  by  the  absence  of  leucocytic  accumulations  either  in 
the  necrotic  tissues  or  in  the  capillaries.  These  distinctions  ai-e  not 
absolute,  since  l)acteria  often  co-operate  with  amoebm  in  the  production  of 
the  dysenteric  abscess. 

The  smallest  visible  amoebic  abscesses,  according  to  Latleur,  have  a 
diameter  of  from  1 to  5 mm.,  are  spherical  or  ovoid,  and  do  not  empty 
themselves  completely.  On  section  a little  glairy,  translucent  fluid 
exudes,  leaving  a yellowish -gre}^  spongy  mass  behind.  The  abscess 
extends  by  necrosis  and  breaking  down  of  the  liver-cells  around  the 
cavity.  Pale  or  yellowish  necrotic  foci  are  often  observed  around  the 
central  vein  of  the  lobules,  es])ccially  in  the  neighbourhood  of  the 
abscess,  in  which  the  hepatic  cells  ai'e  found  to  have  undergone  fatty 
degeneration,  but  which  do  not  conPiin  amoebm. 

The  smallest  idiopathic  abscesses  begin  as  one  or  more  buff  or 
yellowish  spots  which  break  down  to  form  an  abscess,  from  which  the  pus 
issues  freely  on  section,  being  less  viscid  than  in  the  dysenteric  variety. 

hen  formed  l)y  the  breaking  down  of  one  focus  of  suppuration,  it  is 
rounded  in  foi'in  ; when  several  such  foci,  lying  close  together,  unite,  the 
resulting  abscess  is  irregulai-  in  contour.  In  its  earliest  stage  no  lining 
membrane  can  be  distinguished. 

Tlie  Avails  of  the  larger  abscesses — idiopathic  and  dysenteric — are 
irregular,  a.nd  lined  Avith  a grey,  ragged,  shaggy,  or  shreddy  membrane  of 
granulation-tissue  undergoing  necrosis  superficially.  E.xternally,  there 
is  a zone  of  granulation -tissue  mixed  Avith  degenerated  liver -cells  ami 
connective-tissue  elements,  Avhich  merges  in  turn  into  a third  zone  in  Avhich 
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the  connective  tissue  is  more  abundant  and  more  developed,  and  the  liver- 
cells  better  preserved  but  flattened  by  compression.  In  older  abscesses 
the  lining  membrane  is  smooth,  and  a distinct  fibrous  capsule  is  formed 
■which  prevents  the  extension  of  the  su{)j)urati\  e process. 

The  contents  of  the  absce.ss  in  both  varieties  may  be  creamy,  but  are 
more  frequently  of  a chocolate  colour,  and  viscid  or  watery — the  so-called 
hepatic  i)us.  Microscopically  it  consists  of  fatty  liver-cells,  dcd)ris  of 
tissue,  leucocytes  in  varying  numbers,  red  corpuscles,  and  occasionally 
masses  of  necrosed  tissue.  Charcot’s  crystals  are  often  present  in  the  pus. 
Biicteria  are  present  in  a varying  proportion  of  cases,  both  of  the  idiopathic 
and  amcebic  forms;  and  active  amoeliae  ha\  e been  demonstrated  in  creamy 
as  well  as  in  chocolate-coloured  pus. 

Major  Rogers  found  cocci  in  sixteen  out  of  thirty-four  amcel)ic  abscesses, 
but  in  six  of  these  the  possibility  of  accidental  contamination  could  not 
be  excluded.  Kartulis  found  bacteria  present  in  the  pus  or  abscess-wall 
in  thirteen  out  of  nineteen  cases  associated  n itli  amoebic  dysentery,  either 
free  or  included  in  amoebae  ; and  Kruse  and  Pasquale  obtained  positive 
re.sults  in  five  out  of  six  cases.  The  possibility  that  bacteria  are  alwaj's 
present  at  the  earliest  stage  of  amoebic  abscess  cannot  at  2)resent  be 
excluded.  Kartulis  cultivated  bacteria  from  eight  out  of  eleven,  and  Kruse 
and  Pasquale  from  six  out  of  nine  cases  of  the  idiopathic  variety.  The 
bacteria  are  most  abundant  in  the  capillaries  between  the  j:)yogenetic 
^ ineml)rane  and  the  liver  substance,  that  is,  in  the  zone  undergoing 
1 disintegration.  Morgenroth  states  that  amoebse  were  often  absent  from 

i|  the  stools  of  dysenteric  patients  in  China,  even  in  cases  going  on  to 
J abscess-formation,  and  that  the  pus  or  lining  membrane  from  such 
abscesses  most  frequently  contained  streptococci  and  staphylococci. 

It  will  be  observed  that  in  a considerable  number  of  instances  liver 
abscesses  are  sterile.  It  is  probable  that  bacteria  are  present  in  all  cases 
of  idiopathic  abscess  at  the  commencement,  but  die  out  at  a later  stage. 
Calmette  suggests  that  sterile  abscesses  may  be  caused,  not  by  a j)yogenetic 
1 organism,  but  by  some  chemical  substance  derived  from  the  bowel. 

Grawitz  and  Scheuerlen  have  succeeded  in  ])roducing  aseptic  suppui'ation 
i experimentally  by  the  injection  of  cadaverine  and  putrescine;  but  there  is 
I no  evidence  that  abscess  of  the  liver  ordinarily  arises  in  this  manner  by 
I the  absorption  of  similar  substances  from  the  intestine.  The  bacteria 
i met  with  in  liver  abscess — dysenteric  or  idiopathic — are  chiefly  staphylo- 
, cocci,  streptococci,  the  colon  bacillus,  and  the  Bacillus  ]}yocya.ncus. 

I Amoebae  are  present  in  the  pus  or  abscess-wall  in  the  vast  majority  of 
abscesses  associated  with  amoebic  dysentery.  In  most  of  the  instances  in 
which  they  are  absent,  it  may  be  reasonably  assumed  that  they  weie 
present  at  an  earlier  stage.  Ammba3  are  most  abundant  in  the  smaller 
abscesses.  They  are  present  in  the  })yogenetic  membrane,  in  the  walls  of 
the  abscess,  where  they  lie  free  in  the  tissues  or  within  the  capillai’ies, 
and  also  in  thrombi  of  the  portal  \ ein. 

There  may  still  be  some  doubt  whether  amceba)  by  themselves,  and 
without  the  co-operation  of  bacteria,  are  capable  of  initiating  the  sup[)urative 
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process.  Musgr;ive  and  Clegg’s  experiments  are  not  conclusive,  as  they 
wei-e  made  with  annebie  grown  in  symbiosis  with  bacteria.  hen  infec- 
tion takes  place  by  the  vena  portae,  the  ama‘b:e  generally  carry  with 
them  or  are  followed  by  pyogenetic  organisms,  Avhich  demonstrably  take 
an  active  part  in  the  formation  of  the  abscess.  It  is  not  so  certain 
that  the  anuelnu  which  reach  the  liver  by  the  way  of  the  [)eritoneum 
arc  in  all  instances  accompanied  by  bacteria.  Be  this  as  it  may, 
there  can  be  no  reasonalde  doubt  that  alone,  or  associated  Avith  bacteria, 
amoelae  take  an  active  })art  both  in  the  initiation  and  extension  of 
the  dysenteric  abscess.  The  mode  in  which  they  act  is  probably  that 
suggested  by  Councilman  and  Lafleui',  viz.  : — that  the  soluble  products  of 
the  amoeli:B  give  rise  in  the  first  place  to  necrosis  of  the  liver-cells,  and 
that  the  subsequent  breaking  down  of  the  necrosed  tissue  is  effected  by 
their  active  penetrativ  e and  disintegrating  movements.  (For  the  descrij)- 
tion  of  Aimebie,  see  j).  18,  and  for  their  pathogenetic  relation  to  Amoebic 
Dysentery,  p.  5.‘f0.) 

Pathogenesis  of  Liver  Abscess. — The  idiopathic  and  dysenteric 
abscesses  are  closely  related  etiologically  and  pathologically.  Both  are 
tropical,  both  affect  the  European  more  than  the  native,  the  European  man 
more  than  the  European  woman ; those  addicted  to  alcohol  more  than 
abstainers  ; those  sulqect  to  tropical  malaria  more  than  those  who  escape 
the  infection  ; those  exposed  to  fatigues  and  chills  more  than  those  not  sul> 
jected  to  these  influences.  Both  varieties  occupy  the  same  site,  have  the 
■same  .symptoms,  and  present  essentially  the  same  lesions.  The  dysenteric 
abscess,  if  I may  be  permitted  the  expression,  is  an  idiopathic  one  into 
Avhich  amceb<e  have  found  an  entrance  and  impressed  upon  it  cerUiin 
peculiarities  of  secondary  importance.  In  the  idiopathic  variety,  the  agents 
of  suppuration  are  bacteria ; in  the  dysenteric  abscess,  bacteria  plus 
anioebiTe  ; but  neither  annebie  nor  bacteria  Avill  as  a rule  giA^e  rise  to  abscess 
if  the  structure  and  functions  of  the  liver  be  unimpaired.  In  all,  or  at 
least  in  the  A^ast  majority  of  cases,  the  necessary  antecedent  of  abscess, 
whether  idiopathic  or  dysenteric,  is  an  inadequacy  of  the  liver  to  coj»e 
with  the  work  throAvn  upon  it.  Hoav  is  this  hepatic  insufficiency  caused, 
and  why  is  it  a special  feature  of  tropical  pathology  1 

That  the  constitution  of  the  adult  European  is  imperfectly  adapted 
to  the  climatic  conditions  under  Avhich  he  has  to  live  in  the  tropics  is 
brought  out  in  the  complete  alteration  of  the  cadre  of  disease  Avhich 
takes  place  in  a number  of  adult  Europeans  transferred  to  India.  The 
admissions  for  respiratory  diseases  falls  from  57  to  32,  Avhile  those 
of  the  digestiA'e  system  increase  from  101  to  142  per  1000.  More  par- 
ticularly, hepatic  affections,  mostly  congestiA'e,  give  rise  in  India  to  six 
times,  and  dysentery  to  nearly  ten  times,  the  number  of  admissions  that 
they  do  in  Englaiid.  This  is  largely  the  pathological  outcome  of  physio- 
logical changes  resulting  in  constitutions  “ set  for  cold  ” living  and  Avorking 
under  tropical  conditions.  In  other  Avords,  a special  susceptibility  of  the 
abdominal  viscera  to  noxious  influences — chill,  alcohol,  dietetic  errors, 
fatigue,  and  such  like — is  a notable  result  of  all  that  Ave  include  under  the 
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I term  climate.  A chill,  which  at  homo  gives  rise  to  bronchial  catarrh, 
I determines  in  the  tropics  congestion  of  the  liver  or  intestines.  Alcohol 
r pi’oduces  functional  and  strnctni’al  disease  of  the  livei’  more  readily  and 
I constantly  in  warm  than  in  temjierate  climates.  The  digestion,  again,  is 
'I  weakened  ; and  the  use  of  a diet  nnsuited  to  the  climate,  and  in  exce.ss  of 
\ the  re(juirements  of  the  system,  is  a fre(iuent  cause  of  gastro-intestinal 
I and  hepatic  disturbances  which  diminish  the  resistance  of  the  liver  to  ])atho- 
genetic  agents.  Hut  in  many  tropical  countries  the  European  encounters 
) more  specific  causes  of  liver  deterioration  and  suppuration,  the  most 
important  of  which  are  malaria  and  amoeba^ ; and  these  are  all  the 
more  formidable  on  account  of  the  functional  disturbances  ;uh1 
stnictural  changes  which  the  bowel  and  liver  have  nndergone  from 
climatic  influences.  IMalaria  is  rarely,  indeed,  the  direct  cause  of 
liver  abscess,  but  the  repeated  congestions  of  the  liver  by  which  the 
fever  is  accompanied  must  be  reckoned  among  the  causes  disposing  to 
the  disease.  IMuch  more  important,  however,  is  the  ])art  of  amadja)  in  the 
causation  of  tropical  abscess.  The  great  frequency  of  liver  abscess 
as  a complication  or  sequel  of  amoebic  dysentery  is  one  of  the  most 
striking  features  in  its  etiology.  This  is  explained  first  by  the  effects  of 
the  products  of  aimebic  ulceration  of  the  large  intestine  in  giving  rise  to 
degeneration  of  the  organ,  and,  as  a consequence,  to  inq)airmcnt  of  its 
functional  activity  ; ancl  secondly  by  the  effects  of  these  2)roducts,  when 
in  excess  of  the  functional  capacity  of  the  liver,  in  exciting  that  form  of 
hej)atitis  which  so  often  precedes  and  ])recipitates  siq)puration. 

1.  As  a cause  of  degeneration  of  the  liver  the  toxins  of  ammbic 
dysentery  ratd<  in  the  first  line  along  with  climate  and  alcohol.  In  cases 
of  amcebic  dysentery  Diamond  found  necrosis  of  the  liver-cells  in  the 

■ neighbourhood  of  the  central  vein,  evidently  the  result  of  the  dysenteric 
products  absorbed  from  the  bowel.  If  the  subject  of  amoebic  dysentery 
liave  been  addicted  to  alcohol,  all  the  more  certaiidy  will  the  amoebic  toxins 
: break  down  the  resistance  of  the  liver  to  microbic  invasion.  But  even 

if  the  patient  be  of  temperate  habits,  these  toxins,  by  themselves,  suffice 
{ to  impair  the  integrity  of  the  livei’and  to  reduce  its  power  of  resistance. 
This  explains  why  abscess  of  the  liver  occurs  occasionally  in  abstainers  as 
a result  of  amoebic  dysentery,  although  rarely  apai't  fiom  this  condition. 
The  pecidiar  danger  of  this  form  of  dysentery  lies  in  its  chronicity.  'I'ho 
liver  is  subjected  to  the  long-continued  action  of  toxic  substances,  capable 
I of  giving  rise  to  degeneration  even  in  a previously  healthy  liver. 

2.  Areas  of  degeneration  thus  established  do  not  necessarily  become 
the  seat  of  bacterial  or  amoebic  invasion,  unless  the  degeneration  is  very 
far  advanced.  It  is  here  that  the  effects  of  the  ])roducts  of  ama'i)ic 
ulceration  of  the  bowel,  in  giving  rise  to  hepatitis,  come  into  jday  as  a 
determining  cause  of  abscess-formation.  The  healthy  liver  is,  within 
certain  limits,  not  only  capable  of  transforming  such  products  and 
rendering  them  innocuous,  but  also  of  destroying  the  micro-organisms 
which  may  happen  to  invade  it  (Kogei’).  When,  on  the  other  hand,  the 
functional  activity  of  the  liver  has  been  seriously  impaired,  and  its 


598 


SYSTEM  OF  MEDICINE 


physiological  resisting  power  weakened,  it  is  inadequate  for  the  strain, 
if  at  any  time  an  excess  of  toxic  substances  be  thrown  upon  it,  or 
if  the  functional  activity  of  the  organ  be  temporarily  suppressed  or 
depressed  by  a chill,  bj''  a return  to  a cold  climate,  by  a debauch,  or 
other  exciting  cause.  In  these  circumstances,  a hepatitis  is  lighted  up 
which  may  pass  off,  or  recur  and  pass  ofi’  again,  but  which,  sooner  or 
later,  is  apt  to  determine  the  invasion  of  tlie  degenerated  areas  by 
amoebm  or  pyogenetic  bacteria. 

About  one-twelfth  only  of  those  suffering  from  amoebic  dysentery  develop 
abscess.  Something  more  than  the  presence  of  amoebaj  in  the  bowel  is 
necessary  to  establish  hepatic  suppuration,  otherwise  the  native  would 
not  be  comparatively  immune.  The  state  of  the  liver  itself,  structurally 
and  functionally,  is  an  important  factor  in  determining  whether  or  not 
a dysentery  shall  end  in  liver  abscess.  I do  not  say  that  amoebm  or 
bacteria  never  give  rise  to  abscess  in  a healthy  liver.  They  seldom  do 
so.  The  liver  must  previoirsly  be  prepared  for  the  reception  of  the 
pyogenetic  organisms,  and  its  resistance,  in  many  cases,  is  finally  broken 
down  by  the  supervention  of  a hepatitis  resulting  from  the  incapacity  of 
the  liver,  at  a given  moment,  to  deal  with  the  products  and  organisms  of 
dysentery. 

It  is  remarkable  how  frequently  an  abscess  arises  on  the  sudden 
disappearance  of  dysentery,  or  after  the  disease  is  progressing  to  a cure,  as 
shewn  by  the  reciming  headings  of  Kruse  and  Pasquale’s  cases,  “ Geheilte 
Dysentei'ie,  Lebei’abscess.”  This  sequence  of  events  is  too  common  to  bo 
accidental.  Kelsch  compares  it  to  the  metastasis  of  parotitis  to  the 
testes.  The  most  probable,  but  not  entirely  satisfactory,  explanation  of 
this  phenomenon  is,  that  as  the  dysenteric  ulcers  are  undergoing  cui'c, 
the  toxic  matters,  no  longer  discharged  by  the  bowel,  are  absorbed,  and, 
being  too  much  for  the  functional  capacity  of  the  liver,  give  I’ise  to 
hepatitis  and  abscess.  The  reason  why  bacterial  dysentery  is  so  seldom 
followed  ly  abscess  clearly  is  that,  in  most  cases,  it  runs  an  acute  cour'se. 
There  is  no  time  for  it  to  set  irp  degeirerative  and  inflammatory  proce.sses 
— the  toxins  formed  being  rapidly  canded  off  by  the  stools. 

The  pathogenesis  of  the  idiopathic  abscess  is  essentially  the  same  as 
that  of  the  amoebic  variety — impairment  of  nutrition  and  function,  the 
establishment  of  foci  of  degeneration,  work  in  excess  of  capacity,  inflam- 
mation terminating  iir  the  invasion  of  the  degener-ated  areas  ly  pyogenetic 
Iracteria.  In  short  the  pathogenesis  of  the  tr-opical  abscess  may  be 
expressed  in  the  wor'ds  hepatic  inmfficiency.  The  differ-ence  irr  the  liability 
of  the  European  and  rrative  soldier  to  abscess  measures  r’oughly  the 
influence  of  climate,  alcohol,  food,  and  habits  in  its  causation.  These 
factors  combined  increase  the  lialrility  of  the  Eur’opean  to  abscess  twenty- 
fold. The  effect  of  alcohol  by  itself  is  rneasrrred  by  the  difference  of 
lialrility  between  the  European  who  irses  and  he  who  abstains  from 
alcohol,  for  which  we  have  no  reliable  figures. 

If  this  conception  of  the  pathogenesis  of  liver  abscess  be  accepted, 
there  will  be  little  diffierrlty  in  accounting  for  the  etiological  peculiarities 
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of  the  (liseuse ; its  incidence  on  the  European,  on  the  male  sex,  on 
alcoholics ; the  intlnence  of  age  and  length  of  residence ; its  greater 
prevalence  in  countries  where  ama'bic  dysentery  is  common,  and  its 
: frequent  occiu’rence  in  patients  who  return  to  temperate  climates  during 

■ the  winter  season.  I know  of  nothing  in  the  etiology  or  pathology  of  the 
disease  incompatible  with  this  hypothesis. 

Symptomatology. — Acute  Hepatitis. — Abscess  of  the  liver  is  frequently 
described  as  one  of  the  terminations  of  acute  hepatitis.  The  constitutional 
• symptoms  of  hepatitis  are  fever,  a coated  tongue,  constipation,  scanty  and 
high-coloured  urine,  gastric  disturbance,  and,  in  some  cases,  slight 
jaundice.  The  local  symptoms  are  pain,  tenderness,  or  sinqdy  a feeling 
of  weight,  tension,  or  dragging  in  the  hepatic  region,  usually  increased 
on  pressure.  Pain  in  the  right  shoiilder  may  or  may  not  be  pi-esent. 
An  enlargemeiit  of  the  liver,  sometimes  very  marked,  generally  uniform, 
but  sometimes  resti’icted  to  the  right  lobe,  is  the  oidy  other  local  sign  of 
importance.  Hepatitis,  thus  clinically  portrayed,  is  not  a fatal  disease, 

, as  86  per  cent  of  the  cases  treated  by  IMorehead  ended  in  recovery.  In 
1903,  hepatitis  gave  rise  to  only  3 deaths  out  of  3.64  admissions  in  the 
European  Army  of  India.  It  may  be  safely  affirmed  that  the  vast 

■ majority  of  the  cases  returned  as  hepatitis  are  febrile  congestions  of  the 
liver  due  to  malaria,  or  to  alcoholic  or  dietic  excesses,  which  have  little 

' tendency  to  end  in  suppiu’ation,  although  indirectly  they  lay  the  founda- 
' tion  of  future  mischief. 

j Bub  a form  of  hepatitis,  etiologically  more  closely  related  to  liver 
i abscess,  does  occur.  The  patient  suffers  from  an  attack  characterised  b}’ 
< the  symptoms  above  described,  and  often  in  a severe  form.  In  a few 
j days  it  passes  off,  recurs,  and  again  subsides.  After  several  such  fugitive 
( attacks,  the  same  train  of  symptoms  reappears,  not  to  pass  off’  as  before, 
j but  is  now  ])remonitory  of  abscess.  In  most  instances  this  noTi-malarious 
I hepatitis  occurs  in  connexion  with  dysentery  or  diarrluea— not  necessarily 
:(  amoebic — and  then  it  should  excite  suspicion.  This  fonn  of  hepatitis  ma}- 
j’  be  regarded  as  due  to  the  absorption  of  some  toxin  or  other  product 
of  amoebie  or  bacteria  from  the  bowel,  and  points  to  the  inadequacy  of 
r the  liver  to  deal  with  the  poison.  It  always  indicates  a state  of  things 
' that  may  at  any  time  end  in  the  invasion  of  the  liver  by  ammba?  oi- 
' bactei’ia. 

Abscess. — A patient  with  liver  abscess  presents  a sallow,  mnddy 
complexion,  but  is  .seldom  distinctly  jaundiced  except  when  the  absce.ss 
be  so  .situated  as  to  cause  compre.ssion  of  the  biliary  ducts.  When  the 
• disease  is  of  some  standing,  he  is  emaciated  and  has  a cachectic  appearance. 
He  suffers  from  anorexia  and  not  infrequently  from  vomiting,  e.specially 
if  the  ab.scess  be  on  the  under  surface  of  the  liver.  There  is  often  a 
history  of  dysentery  or  diarrhoea,  if  one  or  other  of  these  be  not  actually 
present.  Occasionally  the  patient  is  constipated.  The  urine  in  the 
early  stages  is  scanty,  and  high-coloured  from  urobilin  ; the  urea  normal 
in  amount  or  somewhat  in  excess.  When,  at  a later  stage,  supjmi'ation 
has  destroyed  a considerable  part  of  the  parenchyma  of  the  organ  the 
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excretion  of  ureJi  is  notably  diminished.  Albumin  in  small  amount  is 
occasionally  present.  The  more  distinctive  features,  however,  of  abscess 
are  fever,  pain,  and  enlargement  followed  by  a train  of  phenomena 
secondary  to  suppuration — hectic  fever,  profuse  night- sweats  occurring 
during  sleep,  diarrhcea,  and  very  occasionally  delirium.  It  I’arely 
happens  tliat  all  the  symjDtoms,  primary  and  secondary,  ai’e  absent,  but 
in  making  autopsies  one  come.s,  now  and  again,  quite  une.xpectedly  upon 
an  abscess  which  had  not  betrayed  its  presence  during  life.  It  is  in 
cases  in  which  the  abscess  runs  a chronic  course  that  the  symptoms  are 
obscure.  The  evolution  of  liver  abscess  is  so  irregular  that  it  is  impossible 
to  delineate  the  disease  in  such  a way  as  to  shew  the  varying  succession 
in  which  the  phenomena  develop.  I shall  content  myself,  therefore,  witli 
a review  of  the  individual  symptoms,  indicating,  at  the  same  time,  the 
way  in  which  they  are  usually  found  to  be  associated. 

Fever. — In  a large  number  of  cases,  fever,  with  or  without  ilgors,  is 
the  initial  symptom  and  is  accompanied  by  pain  in  the  I'egion  of  the 
liver,  and  followed  after  a varying  interval  by  enlargement.  The  fever 
may  at  first  be  continued  or  remittent,  but  when  suppuration  is  estab- 
lished, it  ass\imes  an  irregular  quotidian  type,  with  evening  exacerbations, 
followed  by  profuse  night- sweats.  The  fever  may  subside  and  recur 
during  the  progress  of  tlie  disease.  In  a few  cases  hepatic  abscess  makes 
its  appearance  quite  suddeid}’’  with  severe  rigous,  high  fever,  and  urgent 
vomiting,  with  nothing  to  direct  attention  to  the  liver,  and  may  readily 
be  mistaken  for  an  attack  of  malarious  bilious  remittent  fever.  It  is  rare 
that  liver  abscess  I’uns  an  afebrile  course  throughout,  but  instances  of  this 
kind  apparently  do  occur.  Pel  records  the  case  of  a man  who  developed 
symptoms  of  liver  abscess,  for  the  first  time,  eleven  years  after  his  return 
from  the  East.  The  liver  was  enormously  enlarged,  and  on  operation 
gave  issue  to  a great  quantity  of  pus,  but  the  ])atient’s  temperature 
continued  subnormal  throughout,  and  only  rose  to  normal  after  evacuation 
of  the  pus. 

Pain  is  practically  always  present  at  some  stage  in  the  progress  of 
hepatic  abscess,  altliough  veiy  variable  in  degree  and  character.  If  its 
onset  is  sudden  and  severe,  it  will  be  accompanied  by  fever ; otherwise 
it  may  persist  for  weeks  without  much  rise  in  the  temperature.  More 
frequently  a sense  of  weight,  tension,  aching,  or  dragging  is  complained 
of,  rather  than  acute  pain,  but  when  suppuration  takes  place  it  may 
as.sume  a distinctly  throbbing  character ; or  the  pain  may  subside. 
’When  the  serous  capsule  is  involved  the  pain  is  of  a stabbing  kind,  and, 
wherever  situated,  is  freqiiently  increased  on  deep  inspiration,  palpation, 
percussion,  or  succussion.  When  the  abscess  is  situated  in  the  right 
lobe,  pain  in  the  right  shoulder  and  the  region  of  the  scapula  is  present, 
according  to  Sullivan,  in  one-sixth  of  the  cases.  Pain  in  the  left  shoulder 
is  occasionally  complained  of  when  the  left  lobe  is  the  seat  of  the  abscess. 
These  sympathetic  pains  are  not,  however,  distinctive  of  abscess,  as  they 
ai-e  met  with  in  hepatitis. 

Enlargement  is  one  of  the  most  distinctive,  though  not  one  of  the 
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earliest  signs.  When  the  disease  bus  made  some  progre.ss,  enlargement 
will  be  1‘ecognised  b}'  inspection,  ])alpation,  or  percussion.  An  enlarge- 
ment of  the  right  hypochondrinm,  a protrusion  of  the  ribs,  a widening  of 
the  intercostal  spaces,  a circumscribed  bulging  of  the  right  costal  wall, 
a swelling  under  the  right  costal  arch  or  in  the  epigastrium  may  be 
visible  on  simple  inspection.  It  is  well  to  remendjer,  however,  that 
enormous  collections  of  pus  may  be  present  in  the  liver  without  causing 
bulging.  (Edema  or  redness  of  the  skiti  is  observed  only  when  the 
abscess  approaches  the  siii-face.  I’alpation  not  infrequently  reveals 
downwaril  enlargement  of  the  organ.  Unless  the  .abscess  is  small  and 
deeply  seated,  an  extension  of  the  area  of  he{>atic  dulness  in  some  direction 
will  be  made  out  on  percussion.  As  the  abscess  is  generally  sitxxated 
in  the  upper  part  of  the  right  lobe  it  is  in  this  direction  that  an  extension 
of  the  line  of  dulness  is  to  be  looked  for,  and  this  is,  in  fact,  one  of 
the  commonest  signs  of  enlargement.  AVhen  the  abscess  has  made  some 
progress,  the  upper  boundary  of  the  dulness  will  be  found  to  be 
von  vex. 

Tenderness. — Localised  tenderness  of  the  liver  on  deep  palpation  is  a 
very  valuable  sign  not  only  of  the  existence  but  of  the  position  of  the 
abscess.  The  whole  liver  region  should  be  carefully  explored  with  the 
point  of  the  finger  pressed  into  the  -intercostal  spaces  when  an  abscess 
is  suspected.  Fluchuition  is  only  to  be  m.ade  out  when  the  abscess  is  near 
the  suiface.  lliriidity  of  the  rectus  abdominis  imtscle  is  often  present,  but 
is  not  a sign  of  much  diagnostic  value. 

Decubitus. — The  patient  is  seldom  able  to  lie  on  either  side  Avithout 
pain.  He  generally  finds  most  ease  by  lying  on  his  back,  Avith  liis 
shoulders  r.aised,  and  his  knees  flexed,  but  the  decubitus  is  A'ari.able. 

S/imptoms  connected  with  Lung  and  Pleura. — Patients  sufieritig  from 
liA'cr  abscess  often  seek  advice  for  symptoms  referable  to  the  chest. 
They  compl.ain  of  a dry  hacking  cough  dependent  on  irritation  of  the 
diaphragmatic  pleura,  or  of  oppression  or  dyspnoea  from  the  bulging 
upAvaids  of  the  diaphr.agm.  The  breathing  is  shalloAv,  thoracic,  and 
.accelerated.  Symptoms  of  basal  pneumonia  may  be  present  before 
rupture  of  the  abscess  into  the  lung  has  taken  place.  The  pneumonia  in 
these  cases  is  usually  of  a .sub.acute  type,  Avith  signs  of  consolidation, 
and  crepitant  r.iles  on  inspiration.  When  rupture  occui’s,  the  character 
of  the  .sputum  is  quite  distinctive.  The  pleura,  .also,  is  occasion.all}'^ 
inv.aded  by  infection  through  the  di.aphragm  before  I'upture.  Fiiction, 
and  the  symptoms  and  signs  of  a serous  or  purulent  efiusiou  into  the 
pleural  sac,  indicate  this  complication.  Cerebi-al  abscess  is  occasionally 
met  Avith  as  a complication  of  liver  abscess ; but  amoeba;  .are  not  found  in 
the  pus  of  these  abscesses. 

S/impfoms  connected  ^vith  the  Spontaneous  Rupture  of  an  Abscess. — When 
the  contents  of  an  abscess  burst  into  the  ]ieritoneal  c.avity,  symptoms  of 
acute  peritonitis  s])eedily  ensue.  Pain  in  the  region  of  the  heart,  a sense 
of  suffocation,  and  the  physical  signs  of  pericardial  effusion  indicate 
rupture  into  the  pericardium.  When  the  abscess  bursts  into  the  I'ight 
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pleura,  pain,  dyspnoea,  and  the  signs  of  pleuritic  effusion  or  empyema 
are  present.  If  it  burst  into  the  lung,  the  sudden  expectoration  of  a 
brick-red  purifoi-m  matter  will  be  observed,  sometimes  tinged  with  bile,  | 
preceded  and  accompanied  by  the, physical  signs  of  pneumonia  of  the 
base.  Tlie  sputum  after  a few  days  assumes  a chocolate  colour  and  may 
contain  amoebin.  Rupture  of  the  abscess  into  the  stomach  is  often 
preceded  by  gastric  pain  or  irritation,  and  is  declared  by  purulent 
vomiting,  or  the  pus,  more  or  less  changed,  may  pass  off  by  the  bowels. 
In  the  case  of  rupture  into  the  colon,  pus  will  be  detected  iii  the  stools, 
coinciding  with  a subsidence  of  the  tumour.  The  opening  of  the  abscess 
into  the  pelvis  of  the  right  kidney  will  be  known  by  the  discharge  of  pus 
by  the  urethra.  Rupture  into  the  vena  portse,  the  hepatic  veins  and  the 
vena  cava  are  seldom  recognised  during  life.  Cyr  (7)  gives  the  follo\v- 
ing  as  the  situations  of  rupture  in  159  cases  : — Lung,  59  ; pleuin,  31  ; 
pericai'dium,  1 ; peritoneum,  39  ; stomach,  8 ; intestines,  13  ; kidney,  2 ; 
inferior  vena  cava,  3 ; bile  passages,  4 ; externally,  2.  Perforation  may 
take  place  in  more  than  one  situation  in  the  same  case. 

Duration.  — The  course  of  liver  abscess  is  usually  prolonged  over 
several  weeks  or  months  ; sometimes  it  is  quite  chronic  ; but  instances  are 
occasionally  observed  in  which  the  disease  proves  fatal  within  a week  or 
two.  A case  is  recorded  by  Kelsch  and  Kiener  of  a patient  who  had 
been  ailing  for  a few  days  oidy,  and  died  six  days  after  his  admission 
into  hospital.  The  mean  duration  of  ten  fatal  cases  complicated  with 
dysentery,  in  which  the  time  from  the  first  appearance  of  hepatic 
symptoms  could  be  fairly  well  ascei'tained,  was  nineteen  weeks ; and  in 
sixteen  cases  of  idiopathic  abscess  it  was  seven  weeks.  Abscess  occasion- 
ally manifests  itself  for  the  first  time  in  a person  who  has  previously 
had  dysentery  from  five  to  twenty  years  after  his  return  to  temperate 
climates.  The  pus  in  these  cases  is  usually  sterile,  and  their  amoebic 
origin  is  doubtful.  Josserand  records  a case  in  which  an  abscess,  occur- 
ring several  years  after  the  patient  had  left  the  tropics,  was  apparently 
caused  by  a latent  dysenteric  lesion  in  the  intestine. 

Diagnosis. — Ifydatid  Cyats  are  distinguished  from  liver  abscess  by 
their  slow  and  painless  growth,  and  moreover  by  not  presenting  the  con- 
stitutional symptoms  proper  to  liver  abscess.  A suppurating  hydatid  will 
generally  be  recognised  by  a history  pointing  to  its  commencement  as  a 
painless,  slowly  enlarging  tumour.  Should  any  doubt  exist,  an  exploratory 
puncture  must  bo  resorted  to,  the  discovery  of  booklets  in  the  pus  being 
decisive.  An  inflamed  avd  didended  gall-hladder  will  be  distinguished 
from  an  abscess  of  the  liver  by  its  pear-shaped  form  and  mobility,  and 
by  the  rule  that  it  scarcely  ever  contracts  adhesions  to  the  alxlominal 
wall  or  gives  rise  to  inflammatory  o?dcma  of  the  overlying  tissues.  In 
many  cases  there  Avill  be  a history  of  biliary  colic,  and  the  tumour  will  be 
found  to  have  been  soft  fi'om  the  commejicement.  Pylepldehitic  abscesses' 
are  traceable  to  some  focus  of  suppuration  in  the  portal  area.  A 
unifoi-m,  tender  enlargement  of  the  liver,  the  acute  course  of  the  malady, 
the  rapid  development  of  grave  constitutional  symptoms,  enlargement  of 
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the  spleen,  and  the  presence  of  jaundice  are  significant  symptoms. 
Midarial  feirr  may  be  definitely  e.xcluded  if  on  examination  of  the  blood 
the  absence  of  the  malarial  pai-asite  and  the  presence  of  a polymoi-pho- 
nuclear  lencocytosis  are  established.  Although  a leucocytosis  is  common 
to  many  other  diseases  its  presence  in  an  obscui'e  affection  of  the  liver  is  in 
favour  of  abscess.  Quartan  or  tertian  periodicity  of  fever  is  characteristic 
of  malaria ; the  failure  of  quinine  to  arrest  an  irregular  intermittent 
fevei-  points  to  abscess.  Serious  difficult}"  can  scarcely  arise  in  dis- 
tinguishing a dee]}  (d)scess  of  the  abdominal  tcall  from  one  of  the  liver.  A 
needle  introduced  into  the  cavity  of  the  abscess  vill  remain  motionless 
during  respiration  if  the  abscess  be  in  the  abdominal  wall,  but  will  follow 
the  respiratory  movements  if  it  be  seated  in  the  liver. 

The  history  of  the  case  with  reference  to  tropical  residence  or  a 
previous  dysentery  will  always  be  very  helpful.  No  lapse  of  time 
excludes  the  possibility  of  abscess  in  the  case  of  a person  who  has 
previously  suffered  from  dysentei'y  contracted  in  the  tropics.  In  all 
doubtful  cases  exploi'atorv  puncture  of  the  liver  should  be  I'esorted  to. 

T1  re  X-rays  have  proved  of  value  in  the  diagnosis  of  some  doubtful 
cases.  Kelsch  and  Nimier  report  two  instances  in  which  the  diagnosis 
was  confirmed  by  the  discovery  by  radioscopy  of  the  immobility  and 
upward  dis])lacement  of  the  diaphragm,  the  obliteration  of  the  costo- 
diaphragmatic siin;s,  and  certain  appearances  which  were  interpreted  as 
consolidation  of  the  lung  around  the  point  where  rupture  was  about  to 
take  place. 

Progrnosis. — The  prognosis  of  liver  abscess  must  always  be  guarded. 
Out  of  522  admissions  in  the  army  of  India  for  the  three  years  1901-3 
no  fewer  than  286  of  the  patients  died,  and  a considerable  number  were 
invalided  who  doubtless  increased  the  death-roll.  The  coexistence  of 
active  dysentery,  a history  of  alcoholism,  a cachectic,  bioken-down  state 
of  the  constitution,  and,  above  all,  a plurality  of  abscesses,  which  cannot, 
however,  be  detected  before  operation,  increase  the  gravity  of  the 
prognosis.  The  most  favourable  positions  for  spontaneous  rupture  of 
an  abscess  are  the  lung  and  colon.  Rupture  into  the  pericardiiim  is 
uniformly  fatal,  and  the  record  of  a solitary  case  of  recovery  after  the 
I'upture  of  a liver  abscess  into  the  general  peritoneal  cavity  serves  only 
to  emphasise  the  fatal  nature  of  this  accident. 

Prophylaxis. — Liver  abscess  should  be  looked  upon  as  a preventable 
disease.  The  death-rate  in  the  European  army  of  India,  which  in  the 
decennium  1870-79  stood  at  2T9  per  1000,  fell  to  1'24  for  the  period 
1891-1900.  This  marked  decrea.se  is  to  be  ascribed  to  improved  sani- 
tation, moi'e  spacious  and  better  ventilated  barracks,  atul  the  spread  of 
temperate  habits  among  the  men.  The  idiopathic  abscess,  in  particular, 
appears  to  have  become  less  frequent.  As  a very  large  proportion  of  the 
wises  now  met  with  are  consequent  on  amoebic  dysentery  the  impoilance 
of  preventing  the  amoibic  infection  is  obviou.'^.  With  this  object, 
attention  should  be  directed  especially  to  the  purity  of  the  water-supj)ly 
and  of  the  vegetables  and  fruits  consumed  in  the  raiv  state.  The 
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Other  points  enumerated  under  propliylaxis  in  the  article  on  aniaOhc 
dysentery  p.  540)  should  not  be  overlooked. 

Ardent  sjhrits,  in  any  form,  should  be  shunned  l)v  those  who  wish 
to  enjoy  good  health  and  lengtli  of  days  in  the  tropics.  Excess  in  food, 
especially  in  animal  food,  is  hurtful ; and  rich  sauces,  hot  curries,  and 
pastry  should  be  avoided.  In  advising  the  European,  howeve)',  as  to  his 
diet,  the  halhts,  tastes,  and  peculiarities  of  the  individual  should  not  be 
ignored.  Some  find  themselves  better  on  a diet  chiefly  animal,  and  have 
difficulty  in  digesting  a vegetable  diet  in  amount  sufficient  for  their 
nourishment.  In  some  cases  the  lighter  wines,  taken  in  moderation  and 
along  with  food,  are  almost  neces.sary  as  an  aid  to  digestion.  Needless  | 
exposure  to  heat  and  fatigue,  and  to  chills  after  being  heated,  is  to  be  '■ 
avoided.  Exercise,  always  short  of  exhaustion,  should  be  taken  regularly  ' 
and  at  pi'oper  hours. 

In  attacks  of  hepatic  congestion  in  connexion  with  malaria  the 
prevention  of  reinfection  as  well  as  the  treatment  of  the  attack  is  to  be 
aimed  at. 

Attention  to  the  state  of  the  bowels  with  reference  to  the  functions 
of  the  liver  is  of  more  importance  than  is  generally  supposed.  Constii)a- 
tion  and  looseness,  if  habitual,  shew  that  something  is  sufficiently  wrong 
to  call  for  other  treatment  than  the  routine  purgative  or  astringent. 
Hepatitis  in  connexion  with  dysentery,  or  simple  diarrhoea  of  a recurrent 
or  persistent  kind,  is  a sign  of  danger  even  though  the  bowel  symptoms 
are  so  mild  as  not  to  prevent  the  patient  from  following  his  usual  employ- 
ment. Our  first  object,  in  these  cases,  is  the  cure  of  the  intestinal 
affection;  but  the  hepatic  symptoms  should  not  be  neglected.  The 
patient  is  to  be  kept  in  l)ed,  his  diet  restricted  to  milk  or  some  mild 
substitute,  and  a few  doses  of  ipecacuanha  or  salines,  or  both,  ai’e  to  be 
given.  An  occasional  dose  of  blue  pill  or  calomel  is  often  followed  by  a 
relief  of  the  hepatic  symptoms  and  a general  sense  of  well-being  so 
marked  as  to  1)6  gratefully  acknowledged  by  the  patient.  ^Vheii 
symptoms  of  hepatitis  supervene  on  the  cessation  of  the  dysenteilc  flux 
the  free  administration  of  salines  is  indicated. 

In  many  instances  in  which  hepatitis,  with  fever,  enlargement  ami 
tenderness  of  the  liver,  and  shoulder  pains,  has  pointed  to  suj)pura- 
tion,  the  most  marked  relief  has  followed  repeated  punctures  of  the 
organ  by  an  exploratory  trocar  in  search  of  i)us.  The  symptoms  have 
promptly  disappeared  and  the  formation  of  an  abscess  has  apparently 
been  prevented.  Mr.  Cantlie  says  that  his  experience  has  taught  him 
“ that  the  abstraction  of  blood  from  an  inflamed  liver  is  the  readiest  way 
of  relieving  hepatitis.”  He  recommends  that  6 to  10  ounces  be  with- 
drawn in  this  way.  There  is  very  little  risk  in  puncturing  the  liver  if 
the  large  vessels  be  avoided.  'Phis  method  of  depletion  by  an  as])irator 
is  deserving  of  trial,  not  only  as  a diagnostic  jtrocedui’e  when  ])us  is 
suspected  but  as  a therapeutic  measure  in  severe  hepatitis,  in  order  to 
avert  threatened  suppuration. 

When  the  acute  symptoms  have  passed  or  moderated,  chloride  of 
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ammonium  should  be  given  in  fifteen  to  twenty-grain  doses,  three  oi'  four 
times  daily,  and  persisted  in  for  a considerable  time.  The  action  of  the 
bowels  must  be  regulated  by  cascara,  a combination  of  enoiiymin  and 
rhubarb,  or  an  alkaline  saline,  as  the  special  features  of  the  case  may 
suggest.  If  pain  in  the  region  of  the  liver  persist,  lepeated  ap[)lications 
of  li<iuor  epispasticus  over  the  seat  of  the  pain  will  often  give  relief. 
l)Ut,  above  all,  the  habits  of  the  patient  as  regards  food,  di'ink,  and 
exercise  should  be  regulated.  If,  notAvithstanding  these  measures,  the 
hepatic  symptoms  persist,  a change  to  a temperate  climate  should  be 
recommended.  Such  a change  should  never  be  made  in  winter,  ludess 
unavoidable  ; in  which  case  the  iittnost  precautions  should  be  inculcated 
to  prevent  a chill.  When  abscess  has  formed,  its  treatment  belongs  to 
the  domain  of  surgery.  The  earlier  the  existence  of  an  abscess  is 
ascertained,  the  greater  will  be  the  pi-ospect  of  successful  surgical  treat- 
ment. This  consideration  is  an  additional  reason  for  resorting  to 
puncture  in  hepatic  inflammation. 

Andukw  Davidson. 
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PONOS 

By  Andrew  Davidson,  M.D.,  F.R.C.P.Ed. 

Definition. — Ponos  (lldvos',  pain)  is  a disease  of  infancy  and  childhood, 
endemic  in  the  Greek  islands  of  Spezzia  and  H3''dra,  characterised  by 
fever,  enlargement  of  the  spleen,  cachexia,  and  hiemorrhages. 

Cireumstanees  and  Antecedents  of  Ponos. — Sporadic  cases  of  anaemia 
with  enlargement  of  the  spleen,  known  as  sjjlenostomachon,  are  met  with 
in  several  parts  of  the  mainland  of  Greece,  and,  like  the  splenic 
anaemias  of  infancy  elsewhere,  are  generall)’’  associated  with  rickets,  con- 
genital syphilis,  or  malaria.  The  most  striking  peculiarities  of  that  form 
of  splenic  anaemia  distinguished  as  ponos  are  its  restriction  to  and 
endemic  prevalence  in  the  tAvo  small  islands  of  Spezzia  and  Hydra,  its 
sudden  and  comparatively  recent  appearance,  and  its  great  fatality. 
There  is  nothing  in  the  physical  features  or  geological  formation  of  these 
islands  to  explain  its  endemicity.  Hydra  is  an  elevated,  I'ocky  island 
situated  a few  miles  off  the  coast  of  Argolis  in  the  Peloponnesus,  about 
1 1 miles  ill  length  and  from  2 to  4 in  breadth,  Avith  a dry,  barren,  and 
calcareous  soil.  Spezzia,  near  to  H\ulra,  is  about  64  square  miles  in 
extent,  equally  dry,  but  of  volcanic  origin.  From  the  AAmnt  of  streams 
and  underground  Avater  the  inhabitants  have  to  depend  for  drinking 
and  all  domestic  purposes  mainly  on  rain  - AA^ater  stored  in  cisterns. 
This  obviously  increases  the  i-isk  of  the  spread  of  infectious  organisms. 
The  population  of  Hydra,  Avhich  before  the  year  1830  numbered  28,000, 
is  noAv  reduced  to  7000,  and  that  of  Spezzia  is  somcAvhat  less.  The 
population  of  both  islands  has  been  decreasing  of  late  years,  and 
Diamantopoulos  of  Spezzia  believes  that  this  decrease,  Avhich  has  led  to 
an  improvement  of  the  circumstances  of  those  that  remain,  has  had  some- 
thing to  do  Avith  the  diminishing  prevalence  of  ponos.  The  inhabitants 
generally  are  poor  and  their  houses  insanitaiy.  Their  diet  consists  for 
the  most  part  of  cereals  and  A'egetables.  Malaria  is  entirely  absent. 
Tuberculosis  in  its  different  forms  is  the  prevailing  disease,  phthisis  being 
jiarticularly  common  among  the  Avomen.  SAq^hilis  is  someAvhat  frequent 
among  the  seafaring  part  of  the  jiopulation,  1)ut  not  ajAparently  more  so 
than  among  the  same  class  in  otlier  countries.  Pickets,  according  to 
Stephanos  (8),  is  rare  in  Greece,  but  among  the  feAv  places  in  Avhich  it  is 
more  frequently  seen  he  mentions  the  islands  of  Thera,  H3Mra,  and 
S[)ezzia.  This  ma3^  be  taken  as  CAudence  of  the  greater  preA^alence  in 
these  i.slands  of  conditions  unfaA'ourable  to  infant  life — insanitary 
dAvellings,  defective  nourishment,  possibly  an  impure  Avater-supply ; and 
these  factors  cannot  be  altogether  foreign  to  the  etiology  of  ponos.  At 
the  same  time  it  must  be  remarked  that  as  ponos  is  unknoAvn  in  the 
island  of  Ihera,  Avhere  rickets  is  common,  some  other  factor  besides 
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those  concerned  in  the  evolution  of  rickets — something  more  specific — 
must  be  in  operution  in  the  islands  of  Spezzia  and  Hydra. 

'The  first  notice  of  ponos  in  medical  literature  Avas  in  the  year 
Avhen  Roeser  drew  the  attention  of  the  Medical  Society  of  Athens 
to  the  extreme  frequency  of  enlargement  of  the  spleen  and  aiuTemia  in 
children  in  Hydra  and  Sj)ezzia,  and  suggested  that  it  might  be  due  to  the 
use  of  cistern-water.  In  the  following  year  Fontana  of  Spezzia,  Avhile 
confirming  Roeser’s  statement  regarding  its  prevalence,  pointed  out  the 
remarkable  fact  that  ponos  had  only  made  its  appearance  in  these 
islands  Avithin  the  previous  three  years.  Rractising  as  he  did  in  Spezzia, 
its  recent  appearance  must  have  l)een  Avithin  his  personal  knowledge, 
and  no  one  has  claimed  for  it  an  earlier  origin.  While  it  is  (pute  con- 
ceivable, and  not  at  all  improbable,  that  cases  of  the  same  kind  may 
have  occurred  sporadically  for  years  before  Avithout  attracting  attention, 
the  truth  remains  that  a fatal  disease,  falling  exclusively  on  infancy  and 
early  childhood,  emerged  in  a particular  year  into  recognition,  and  ]'ai)i(lly 
assumed  quasi-epidemic  prevalence. 

Roeser’s  suggestion  that  ponos  Avas  due  to  the  use  of  cistei'ii-Avater 
A\ais  made  in  ignorance  of  its  history.  The  Avater-sup2dy  Avas  then  Avhat 
it  had  always  been,  and  Avhat  it  is  in  islands  Avhere  jAonos  is  uidaioAvn  ; 
but,  on  the  assumjAtion  that  the  disease  is  caused  by  a micro-organism,  a 
Avater-snpjdy  of  this  kind  may  not  have  been  irrelevant  to  its  spread  and 
jiersistence.  Another  circumstance  may  have  contributed  to  the  almost 
ej)idemic  diffusion  of  the  disease  at  this  particular  time.  The  inhabitants 
of  these  islands,  esteemed  the  richest  in  the  archijAelago  before  the  Greek 
W ar  of  Independence,  Avere  suddenly  reduced  to  jioverty  after  1830  by 
the  transference  of  their  trade  to  8yra.  In  the  years  immediately  folloAv- 
ing  this  reverse  in  their  jArosjAerity  there  was  much  chronic  misery, 
not  amounting  to  actual  famine,  Avhich  Avould  tell  adversely  on  the  health 
of  the  infant  part  of  the  population,  disjtosing  it  to  any  infection  that 
might  hajAjjen  to  be  about.  The  coincidence  in  time  and  place  is  at  least 
significant.  It  AA^as  Avhile  the  distress  A\'as  at  its  height,  and  in  the 
localities  to  AATich  it  Avas  limited,  that  a iicav  disease  of  infancy  made  its 
ajApearance. 

Since  its  first  recognition  jAonos  has  undergone  considerable  fluctuations, 
at  one  time  declining  so  as  to  raise  hopes  of  its  extinction,  then  increasing 
again  in  prevalence.  The  causes  of  these  fluctuations  have  lUAt  been  closely 
investigated,  but  are  possil)ly  related  to  the  varying  economic  circum- 
stances of  the  islanders.  In  the  year  1881,  Avhen  the  <lisease  aa'us  at  an 
ebb,  the  cases  Avere  estimated  at  3'3  per  1000  of  the  iidiabitants  of  SjAezzia 
and  2 per  1000  in  Hydra.  These  figures  Avork  out  to  a high  projAortion 
of  the  children  under  three  years — the  age -period  to  Avhich  jAonos  is 
jAractically  confined.  A.ssuming  that  the  deaths  from  jAonos  fall  on  one- 
eighth  of  the  total  popidation,  Ave  have  a mortality  from  this  cause  of 
20'4  per  1000  in  Spezzia  and  of  IG  per  1000  in  Hydra.  The  mortality 
from  allied  forms  of  infantile  splenic  anreiAiia  in  other  countries  does  not 
certainly  exceed  1 per  1000  of  the  same  age,  and  is  probably  much  less. 
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If  it  be  borne  in  mind  that  the  figures  given  refer  to  a period  when  the 
disease  liad  declined  in  frequency,  we  may  conceive  how  fatal  it  must 
have  been  wlien  it  was  at  its  maximum.  We  know  nothing  of  any 
similar  ty[>e  of  disease  l)eing  other  than  strictly  sporadic. 

Sources  of  Information. — Occasional  references  to  ponos  are  met  with 
in  the  Greek  pre.ss  from  1835  to  1877,  when  the  first  systematic  descrip- 
tion of  the  disease,  l>y  Jeanakopoulos,  appeared.  This  was  followed  by 
the  accounts  of  Karamitsas  and  Stephanos  (9)  in  the  French  medical 
journals,  these  forming  the  basis  of  all  that  has  since  appeared  on  the 
subject.  Through  the  courtesy  of  Drs.  Thomopoulos  of  Athens  and 
Diamantopoulos  of  Sjoezzia  1 have  been  able  to  obtain  a few  additional 
data  bearing  on  its  etiology  and  clinical  features,  but  unfortunately 
adding  little  to  our  scanty  knowledge  of  the  morbid  anatomy  or  of  the 
condition  of  the  blood  in  ]3onos.  The  isolated  position  of  the  islands, 
remote  fi'om  the  centres  of  medical  activity,  the  objections  of  the  parents 
to  have  their  children  treated  in  hospital,  and  the  insuperable  obstacle.s 
in  the  way  of  post-mortem  examination  explain  the  backward  state  of  our 
knowledge  of  the  pathology  of  the  disease. 

Etiological  Features.  Ponos  makes  its  appearance  after  the  eruption 
of  the  first  incisors,  and  is  most  frequent  from  the  eighth  month  to  the 
end  of  the  second  year.  Exceptionally,  cases  develop  as  late  as  the 
third  or  fourth  year.  Its  age-period  is  thus  ditterent  from  that  of  the 
splenic  amemia  associated  with  congenital  syphilis,  which  falls  chiefly  on 
the  first  six  months  of  life.  Although  hand-fed  children  are  most  liable 
to  sufier,  those  brought  up  on  the  breast  do  not  escape.  The  children 
of  tuberculous  parents  are  thouglit  to  be  specially  subject  to  ponos,  and 
several  members  of  such  families  are  not  unfrequently  attacked  in 
succession.  This  has  given  rise  to  the  belief  that  the  disease  is  tuber- 
culous and  hereditary.  It  is  seldom  found,  hoAvever,  that  the  jjatient  is 
actually  the  subject  of  tuberculosis,  but  it  has  been  remarked  that  some 
who  have  recovered  from  ponos  have  ultimately  succumbed  to  phthisis, 
Pott’s  disease,  or  tuberculous  arthritis.  Children  convalescing  from  acute 
fel)rile  diseases,  those  nursed  l)y  cachectic  mothers,  those  who  have  been 
suckled  too  long  without  the  supplement  of  other  nourishment,  or  have 
been  lirought  up  on  improper  food,  furnish  the  greater  nnnd)er  of  victims 
to  the  disease ; but  ponos  nevertheless  occasionally  attacks  healthy 
infants  of  robust  parents  who  have  all  along  been  properly  nourished. 
Ponos  may  be  associated  with  rickets ; but,  as  a rule,  no  trace  of  rickets 
can  be  observed.  Although  no  social  class  is  e.xempt,  the  children  of  the 
poor  are  most  liable  to  suffer.  Boj^s  are  somewhat  more  subject  to  it 
than  gills.  Season  has  no  appreciable  influence  on  its  jirevalence.  It  is 
observed  that  the  families  of  Spezziotes  and  Hydriotes  who  migrate  to 
the  mainland  do  not  manifest  the  disease.  Some  5000  natives  of  these 
islands,  according  to  Xanthos,  have  established  themselves  at  the  Pineus, 
but  no  case  of  ponos  has  been  observed  among  them.  On  the  other 
hand,  it  is  stated  by  Jeanakopoulos  that  children  of  natives  of  the  main- 
land born  in  Hydra  or  Spezzia  may  contract  the  disease. 
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Morbid  Anatomy. — The  viscera  in  one  case  of  the  disease  were 
examined  by  Cornil,  Avho  found  no  evidence  of  lenkteniia,  tuberculosis, 
or  malaria.  The  spleen  was  eidarged  and  firm,  tlie  capsule  dense  and 
mivnelonru'e,  the  trabeculse  thickened.  There  was  no  notable  pigmenta- 
tion, nor  any  abnormal  accumulation  of  leucocytes.  The  abdominal 
lymphatic  glands  were  generally  normal,  but  a few  were  somewhat 
eidarged.  There  was  commencing  cirrhosis  of  the  liver,  the  child 
having  taken  large  quantities  of  brandy  during  its  illness.  The  kidneys 
were  congested.  There  were  signs  of  chroiuc  congestion  and  infiamma- 
tion  of  the  right  lung,  with  necrosis  of  the  first  rib.  The  bi'onchial 
glands  were  normal  or  slightly  enlarged.  In  an  autopsy  performed 
hy  Thomopoulos  the  spleen  presented  similar  appearances  to  those 
described  by  Cornil.  The  state  of  the  other  organs  in  this  case  is  not 
given. 

Affinities  of  Ponos.  Cases  of  amvmia  with  enlargement  of  the 
spleen  are  met  with  sporadically  in  infants  and  young  children  in  all 
countries.  Possibly  more  than  one  disease  is  included  under  the  name 
of  infantile  splenic  anaemia,  but  clinically  they  all  jjresent  very  much  the 
same  features.  Irregular  evening  fever,  pallor  of  the  .skin,  and  a 
gradually  developing  cachexia  are  symptoms  common  to  all.  Petechial 
eruptions,  cpistaxis,  bleeding  from  the  gums,  or  some  other  form  of 
haunorrhage  is  observed  in  more  than  half  the  cases.  There  is  always 
very  considerable  enlargement  of  the  spleen.  In  the  majority  of  cases 
the  liver  is  moderately  enlarged.  The  lymphatic  glands,  if  involved  at 
all,  are  so  to  a trifling  extent.  Examination  of  the  blood  in  these  cases 
shews  a decrease  of  the  red  corpuscles  and  htemoglobin,  more  or  less 
1 jioikilocyto.sis,  the  presence  of  nucleated  red  cells,  and  a few  mjmlocytes. 
I In  the  vast  majority  of  cases  there  is  a leucocytosis  with  a relative  increase 
t(  of  lymphocytes  which  shew  a well-marked  polymorphism.  The  disease  is 
f!  often  associated  with  congenital  syphilis,  still  more  frequently  with  rickets, 
J runs  a chronic  course,  and  terminates  fatally  in  more  than  half  the  number 
■i'  of  cases. 

There  is  evidentl}’’  a great  similarity  as  regards  symptoms  and  coui-se 
' between  this  infantile  splenic  anaemia  and  pono.s,  the  most  notable 
difference  being  the  much  greater  fatality  of  ponos.  The  disposing 
and  favouring  conditions  are  apparently  identical.  In  both,  the  infant 
‘ often  starts  life  handicapped  with  a Aveak  constitution  inheiitod  fiom 
cachectic  parents.  More  frequently  the  disposition  is  induced  later 
by  dt'fective  hygienic  conditions,  errors  in  nursing  or  feeding,  or  an 
attack  of  bronchitis,  diarrhoea,  or  other  weakening  ailment. 

In  regard  to  morbid  associations  some  differences  become  apparent. 
Congenital  syphilis  and  rickets  are  not  such  frequent  concomitants  of 
ponos  as  of  infantile  splenic  anaemia. 

It  is  impossible  to  institute  a useful  compari.son  between  the  morbid 
anatomy  of  the  two  diseases,  for  in  the  case  of  ponos  we  have  the  records 
of  only  two  autopsie.s,  Avhile  the  splenic  anaemia  of  infancy,  according  to 
Ih’.  Hutchison,  has  no  pathological  anatomy  peculiar  to  itself.  At  the 
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sa,nie  time  it  may  be  remarked  that  the  state  of  the  spleen  in  the  two 
autopsies  of  whicli  we  have  an  account  agrees,  so  far  as  the  details  admit 
of  comparison,  with  that  found  in  the  majority  of  cases  of  infantile 
splenic  anaemia. 

When  we  come  to  the  condition  of  the  blood  we  find  distinctions  of 
more  significance.  Von  Jaksch  described,  in  1889,  under  the  name  of 
anaemia  infantum  pseudoleukaemica  a disease  which  he  considered  as 
distinct  from  leukmmia,  on  tiie  one  hand,  and  rickety  anaemia  \vith 
splenomegaly,  on  the  other.  This  form  was  characterised  by  marked 
enlargement  of  the  spleen,  occasionally  moderate  enlargement  of  the 
liver,  a high  degree  of  oligocythaemia  and  oligochromaemia,  along  with 
a leucocytosis,  “ constant,  persistent,  and,  in  fatal  cases,  progressive,” 
with  little  or  no  evidence  of  rickets.  Imperfect  as  our  knowledge  of  the 
condition  of  the  blood  in  ponos  is,  we  know  that  so  far  from  leucocytosis 
being  constant,  it  has  not  hitherto  been  observed  in  that  disease.  Leuco- 
cytosis is  met  with  not  only  in  the  class  of  cases  which  come  under  von 
Jaksch’s  description,  but  in  the  great  majority  of  cases,  whatever  ma)^  be 
their  associations.  Dr.  Hutchison  believes  that  in  infantile  splenic  anaemia 
(and  he  apparently  refers  to  all  forms)  “ there  is  a general  ratio  between 
the  extent  to  which  the  spleen  is  enlarged  and  the  increase  in  the 
number  of  leucocytes.”  In  ponos,  on  the  other  hand,  great  enlargement 
of  the  spleen  is  associated  with  leucopenia.  Here  we  seem  to  have  an 
impoi'tant  point  of  difference  between  the  two  diseases. 

But  a very  decided  leucopenia  is  found  in  a small  percentage  of  cases 
of  infantile  splenic  anaemia.  It  is  uncertain  whether  this  is  merely  a 
phase  appearing  at  a certain  stage  of  the  disease,  or  ■whether  a form  exists 
in  which  the  leucocytes  are  decreased  throughout  its  course.  If  a class 
of  cases  of  infantile  splenic  anaemia  exist,  characterised  by  leucopenia,  it 
would,  apart  from  its  lesser  malignity  and  sporadic  character,  be  in- 
distinguishable from  ponos. 

This  leads  us  to  notice  the  affinities  of  j)onos  with  the  splenic  anaemia 
of  adults.  Anaemia  and  leucopenia  are  common  to  both.  In  both  there  is 
marked  splenic  enlargement  not  dependent  on  syphilis  or  other  obvious  con- 
stitutional disease.  Unfortunately  we  do  not  know  whether  the  Malpighian 
bodies  undergo  fibrosis  and  atrophy  in  ponos  as  in  splenic  anaemia,  but 
this  is  rather  probable  than  otherwise,  seeing  that  fibrosis  involving  the 
trabeculae  often  enough  extends  to  the  Malpighian  bodies  in  the  splenic 
anaemias  of  infancy.  In  ponos,  as  in  splenic  anaeTiiia,  the  liver  may  remain 
unartected  througliout  or  undergo  a teiminal  cirrhosis.  Pigmentation  of 
the  skin  may  be  present  in  both,  aiid  both  are  almost  uniformly  fatal. 
But  there  are  also  differences  that  cannot  be  overlooked.  Splenic  anaemia 
runs  a much  more  protracted  course  than  ponos,  sometimes  extending 
over  nearly  as  many  years  as  ponos  does  months.  The  age  factor,  how- 
ever, has  to  be  takeii  into  account  in  estimating  the  importance  to  be 
attached  to  this  difference.  Gastro-intestinal  haemorrhage  is  very  much 
rarer  in  ponos  than  in  spDnic  anaemia.  Ponos  is  a febrile  disease,  splenic 
anaemia  is  afebrile.  With  many  points  in  common  there  are  then  no 
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sutticieiit  grounds  for  regarding  ponos  as  being  an  infantile  form  of  splenic 
anaemia. 

It  has  been  suggested  that  ponos  may  be  related  to  some  of  the 
forms  of  cirrhosis  of  the  liver  occasional!}'  met  with  in  young  children  in 
India  and  other  parts  of  the  ti'opics.  The  nature  of  these  is  imperfectly 
understood,  but  it  has  to  be  borne  in  mind  that  cirrhosis  of  the  liver  is 
not  a constant  feature  of  ponos,  and  that  when  present  it  ajipeai's  to 
be  always  secondary  to  the  splenic  Infection.  Tlie  very  few  cases  of 
ciri-hotic  enlargement  of  the  liver  and  spleen,  clearly  independent  of  con- 
geniud  syphilis  and  other  known  causes,  which  1 have  seen  in  the  tropics, 
have  presented  many  of  the  features  of  Hanot’s  biliary  cirrhosis.  They 
made  their  appearance  in  early  childhood  at  a somewhat  more  advanced 
age  than  that  proper  to  ponos.  The  liver  symptoms  were  not  oidy  the 
first  to  attract  notice,  but  throughout  continued  the  most  obtrusive 
features  of  the  disease.  Leucocytosis  is  not  unfrequently  observed  in 
Hanot’s  cirrhosis,  and  may  be  of  some  value  in  distinguishing  it  from 
other  similar  maladies. 

It  may  appear  extravagant  to  speak  of  the  cachexial  fe\  er  associated 
with  the  Leishman-Donovan  parasite  in  connexion  with  ponos.  Cachexial 
fever  has  been  observed  in  infants  of  the  ponos  age,  but,  unlike  ponos,  it 
occurs  at  any  age.  The  possibdity,  however,  that  ponos  may  be  caused 
by  some  ])rotozoan  infection  cannot  be  altogether  excluded. 

Nature  of  the  Disease. — In  considering  the  affinities  of  ponos  to 
other  affections  accomjjanied  by  splenic  enlargement  and  anaemia  Ave 
have  taken  no  account  of  what  is,  after  all,  the  most  striking  feature  of 
, the  disease,  namely,  its  endemico-epidemic  character.  In  this  respect 
•4  ponos  is  unique.  "We  know  nothing  of  an  endemic  type  of  splenic 
i|  anaemia  restricted  to  infancy  and  independent  of  malaria.  Although  the 
4 morbid  anatomy  and  the  condition  of  the  blood  in  ponos  are  imperfectly 
known,  the  endemic  features  of  the  malady  are  fairly  Avell  ascertained  and 
suggest  certain  inferences  regarding  its  nature. 

We  note  in  the  first  place  the  restricted  area  of  its  endemicity — not 
I e.xceeding  26^  square  miles.  It  is  in  the  highest  degree  improbable 
» that  different  kinds  of  splenic  anaemia  should  prevail  within  such  narrow 
I limits.  The  bulk  of  the  cases  must  be  of  the  siime  nature  and  due  to 
the  same  cause.  The  cause,  again,  is  peculiar  to  the  endemic  area.  The 
children  of  the  islanders  born  on  the  maitdand  do  not  contract  j)onos, 
and  children  born  in  the  islatids  of  parents  Avho  have  migrated  from  the 
mainland  are  liable  to  be  affected.  These  well-ascertained  data  are 
incompatible  with  the  view  that  ponos  is  merely  an  aggravated  foi-m  of 
the  secondary  antemias  associated  Avith  congenital  syphili.s,  rickets, 
tuberculosis,  defective  hygiene,  or  errors  of  nutrition.  It  has  been 
suggested  that  infantile  splenic  anaemia  may  be  caused  by  some  poisonous 
by-product  of  perverted  digestion  consequent  on  gastro-intestinal  catari’h. 
It  is  unneces.sary  to  point  out  that  this  hypothesis  Avould  neither  explain 
the  prevalence  of  ponos  Avithin  the  endemic  area,  nor  its  restriction  to 
that  area  unless  Ave  assume  that  the  toxin  is  the  product  of  a specific 
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fevmentJition  set  up  in  the  contents  of  the  bowel  by  a pathogenetic 
oi’gaTiism  peculiar  to  Hydra  and  vSpezzia.  L)r.  Rolleston  inclines  to  the 
belief  that  the  analogous  splenic  aiuemia  of  adults  is  a chronic  infective 
process  having  its  headquarters  in  the  spleen,  and  this  hypothesis  appears 
to  be  the  one  which  best  accords  with  all  we  know  of  ponos.  Gastro- 
intestinal catarrh  is  seldom  a prominent  symptom  at  the  commencement 
of  ponos.  The  remarkable  truth  that  ponos  spi-ang  into  existence  some- 
what suddenly  is  also  strotigl}’-  suggestive  of  an  infective  nature.  The 
history  of  epidemic  disease  furnishes  not  a few  examples  of  germs  at  one 
time  harmless  exhibiting  at  another  the  highest  degree  of  virulence.  The 
germ  of  ponos  possibly  existed  as  a harmless  organism  in  Hydra  and 
Spozzia  long  before  it  assumed  pathogenetic  properties  and  became  widely 
diffused. 

Symptoms  and  Course. — Ponos,  as  a rule,  commences  gradually  with 
slight  fever,  followed  by  loss  of  strength,  pallor  of  the  skin,  and  enlarge- 
ment of  the  spleen.  The  child  is  found  to  be  feverish  at  night.  It  soon 
becomes  listless  and  sluggish  in  its  movements.  The  skin  is  pale  and 
sallow  and  after  a time  presents  a distinct  straw  tinge,  but  jaundice 
is  very  rare.  In  some  cases  the  fever  is  more  pronounced  from  the 
outset,  and  of  a quotidian,  remittent,  or  irregular  form.  In  the  advanced 
•stages  of  the  disease  the  temperature  often  reaches  102°,  103°,  or  104°  P. 
The  evening  exacerbations  are  sometimes  ushered  in  with  slight  chills, 
and  pass  off  by  sweats  which  are  generally  confined  to  the  neck  and 
chest.  Towards  the  end  the  fever  freciucntly  assumes  a distinctly  hectic 
character.  Within  two  or  three  weeks  from  the  commencement  of  the 
general  symptoms  the  spleen  is  found  to  be  appreciabh’  etdarged,  extend- 
ing one  to  two  inches  below  the  costal  margin,  and  hard  and  firm  to 
the  touch.  Occasionally  a protuberance  of  the  abdomen  duo  to  this 
cause  is  the  first  symptom  to  attract  notice.  It  is  j)ossible,  indeed,  that 
the  enlargement  of  the  .spleen  may  be  present  from  the  first  appearance 
of  the  disease.  The  increase  in  the  size  of  the  spleen  is  rapid  in  propoi- 
tion  to  the  fever.  After  a time  the  organ  is  found  to  occupy  the  greater 
part  of  the  abdomen,  reaching  to  the  iliac  crest  and  crossing  the  middle 
line  to  the  right.  Spontaneous  pain  is  seldom  complained  of,  but 

tenderness  and  pain  on  pressure,  although  by  jio  means  constant,  arc 
sufficiently  common  to  have  bestowed  upon  it  the  name  of  ponos.  The 
urine  at  the  beginning  of  the  illness  is  often  extremely  fetid  ; indeed,  this 
condition  is  sometitnes  observed  before  any  of  the  more  characteristic 
symptoms  are  manifest,  and  is  regarded  as  a precursor  of  the  malady. 
This  fetor  does  not,  however,  persist  throughout  the  illness,  but  di.sappears 
in  a few  weeks  or  months.  The  urine  is  high  coloured  aTid  often  deposits 
a sediment  of  urates,  but  is  seldom  albuminous.  In  a certain  number  of 
cases  a moderate  enlargement  of  the  liver  becomes  ))erceptible  as  the 
disease  .advances.  In  the  time  of  its  a])pearance,  at  least,  it  is  secondary  to 
the  enlargement  of  the  spleen.  A trifling  enlai’gement  of  the  glands  of  the 
neck  is  observed  in  a few  cases.  The  other  accessible  glands  are  normal. 

The  appetite  is  generally  maintained  to  the  end.  but  is  notably 
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perverted,  the  patient  greedily’  devouring  tlie  most  unsuitable  articles  of 
food  and  often  exhibiting  a craving  for  wine  or  sjiirits  administered  by 
the  parents,  sometimes  with  the  approval  of  the  jjhysician,  in  the  belief 
that  alcohol  is  beneticial  in  the  treatment  of  the  disease.  Digestion  is 
slow  and  difficult,  frequently  accompanied  by  meteorism,  tlyspnma,  and 
sweating,  more  rarely  by  vomiting.  The  bowels  are  always  more  or  less 
disordered.  At  the  outset,  constipation  is  the  rule,  giving  place  at  a 
later  stage  to  diarrhoea,  and  at  the  close  the  motions  often  present 
a dysentei’ic  character. 

A cachectic  state  gradually  aiipears  and  becomes  more  pronounced 
as  the  spleen  enhu’ges.  The  chikl  emaciates,  the  skin  assumes  a dusky 
colour,  and  a'dema  of  the  ankles,  legs,  and  face  sets  in.  Ascites  is  raicly 
present.  1 hemorrhages  are  practically  of  constant  occurrence,  most  coni- 
moidy  taking  the  form  of  petechial  spots  or  ecchymotic  2)atches  on  the 
trunk  and  extremities  and  bleeding  from  the  gums.  Next  in  frequency 
is  epistaxis,  which  may  appear  during  the  course  or  towards  the  termina- 
tion of  the  disease.  Gastro-intestinal  Inemorrhage  is  comparatively  rare. 
The  subperiosteal  extravasations  characteristic  of  infantile  scurv}'^  appai- 
ently  have  not  been  observed. 

The  duration  of  ponos  is  usually  fi’om  eight  to  eighteen  months,  but 
it  may  prove  fatal  within  six  months,  or  be  prolonged  for  two  yeara 
AVhen  the  fever  is  high  its  course  is  rapid.  Short  periods  of  dece])tive 
amelioration  of  the  symptoms  occur  during  the  progress  of  the  malady. 
Most  cases  terminate  fatally.  During  the  period  of  its  maximum 
prevalence  recovery  was  observed  occasionally,  and  the  earlier  waiters 
spoke  not  unhopefully  of  the  issue  when  the  disease  came  under  treat- 
ment in  the  early  stage  and  the  circumstances  of  the  ]>arents  Avere 
favourable.  But  as  ponos  has  diminished  in  frequency  it  has  increased 
in  malignity.  Diamantopoulos,  sj)eaking  of  ponos  as  it  is  met  wdth  in 
Spezzia  at  the  present  day,  says  it  “invarial)ly  terminates  fatally  by  itself 
or  its  complications.”  Itqually  emphatic  is  the  testimony  of  Thomopoidos. 
“None  of  the  patients.”  he  .says,  “escape.” 

Conditioii  of  the  Blood. — Few'  com])lete  Idood  examinations,  so  far  as  can 
be  ascertained,  have  been  made  in  ponos.  Karamitsas  found  a reduction  of 
the  red  corpuscles  and  very  marked  leucoi)enia  in  two  cases  he  examined. 
The  leucocytes  w'ere  so  few'  that  careful  search  had  to  be  made  to  disceiii 
them.  Othei’  examinations  of  the  lilood  have  since  been  made  w'ith 
the  result,  according  to  Thomoponlos,  of  confirming  the  existence  of 
leucopenia.  Iti  no  instance,  apparently,  has  leucocytosis  been  obseiwed. 
But  until  the  blood  has  been  examined  at  the  various  stages  of  the 
disease,  and  the  actual  number  of  red  and  w'hite  corpuscles  per  c.cm. 
ascertained,  the  presence  of  leucopenia  as  a constant  character  of  the 
blood  in  ponos  cannot  be  accepted  as  scientifically  demonstrated. 
Nothing  has  been  ascertained  as  to  the  exact  percentage  of  Inemoglobin, 
the  presence  or  absence  of  nucleated  red  corpuscles,  eosinophils,  or 
myelocytes — points  w'hich  must  be  knowm  before  w'e  can  determine  the 
relation  of  ponos  to  other  forms  of  infantile  splenic  aiucmia. 
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Treatment. — Kational  hygiene  ohvionsly  occupies  the  first  place  in 
the  treatment  of  ponos.  Wlien  the  mother  is  cachectic,  a healthy  wet- 
nurse  should  be  got  for  the  infant.  This  is  said  to  have  been  followed 
in  some  instances  by  the  best  results.  Premature  weaning  and  protracted 
lactation  dispose  to  the  disease  and  should  be  avoided.  When  a suitable 
nurse  cannot  be  olitained,  the  fresh  milk  of  a healthy,  well-fed  cow, 
diluted  according  to  the  age  of  the  child,  should  be  given  ; and  in  the 
case  of  older  infants,  cream,  l)eef-jiiice,  or  finely  minced  meat  will  l)e 
necessary.  The  dwelling  must  be  clean,  dry,  and  well  ventilated,  the 
clothing  warm,  and  the  child  kept  out  of  doors  for  the  greater  part  of 
the  day  in  the  fresh  air  and  sunlight.  When  the  circumstances  of  the 
parents  permit,  removal  from  the  locality  is  indicated.  As  i-egards  drugs, 
(.[iiinine  has  appeared  to  be  useful  in  controlling  the  fever,  and  in  some 
instances  is  reported  to  have  effected  a reduction  in  the  size  of  the  spleen. 
Thomopoulos  has  not  found  its  use  prevent  in  any  instance  a fatal 
tei'mination,  even  when  administered  from  the  onset  of  the  disease, 
although  in  some  cases  it  mitigates  the  symptoms.  In  the  early  stages 
experience  is  in  favour  of  the  use  of  iodide  of  iron  and  cod-liver  oil. 
Bone-marrow  suggests  itself  as  worth  a trial.  When  associated  with 
rickets,  in  addition  to  the  line  of  treatment  just  indicated,  phosphorus 
might  be  cautiously  tried  in  the  case  of  older  children ; and  when  a 
syphilitic  taint  is  suspected  mercurials  should  be  given.  Orlandos  of 
Spezzia  states  that  the  only  instances  of  recovery  which  he  observed  were 
in  children  treated  with  wine  or  brandy.  We  give  his  experience  for 
what  it  may  be  worth,  V)ut  the  mode  of  treatment  is  one  for  which, 
theoretically  at  least,  little  can  be  said.  One  cannot  get  rid  of  the 
suspicion  that  alcohol  may,  to  some  extent,  be  responsible  for  the  ciri'hosis 
of  the  liver  which  sometimes  sets  in  during  the  progress  of  the  malady. 

Andrew  D.widson. 
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BERIBERI 

By  Sir  Patrick  Mansox,  K.C.jM.G.,  M.D.,  LL.D.,  F.R.S.,  and  C.  W.  Daniels,  M.P>. 

Synonyms.  ‘ — Ikirhien,  kahke. 

Definition.  — A specific  form  of  multiple  ])t*ripheral  neuritis ; cliar- 
) acterised  by  special  liability  to  implication  of  the  phrenic  and  pneumo- 
: gastric  nerves,  and  a more  or  less  marked  liability  to  oedema  of  the 

i connective  tissue  and  serous  efi'usion  into  the  pleural,  ])cricar(lial,  or 

peritoneal  cavities.  The  higher  nerve-centi’es  and  the  cranial  nerves  are 
very  rarely  implicated.  The  disease  is  apt  to  occur  as  an  epidemic  in 
institutions  and  amongst  gangs  of  men.  In  certain  tropical  regions  it  is 
endemic.  In  cooler  latitudes  it  may  break  out  during  the  warm  part  of 
the  year.  High  atmospheric  temperature  and  abundant  moisture  favour 
its  development,  while  defective  food  and  bad  hygienic  surroundings  are 
probably  contributory  influences. 

Histopy. — The  extreme  antiquity  of  beriberi  is  luuloubted.  Sti'abo 
and  Dion  Cassius  contain  passages  referring  to  it,  or  to  a very  similar 
I disease  which  broke  out  in  the  Roman  army  when  invading  Arabia  in 

i’24  Chinese  writers  as  early  as  the  second  century  of  our  era  make 

distinct  allusion  to  it.  According  to  Maegowan,  it  is  referred  to  in  the 

! 

’ Tlie  local  names  for  beriberi  are  infinite.  Tn  .Java  it  is  known  by  tbe  natives  as 
1 Lui’iiipoc  ; in  Banka  as  Pantjakit  niloe,  or  siloe  (ery.stal  sickness),  Pinas,  A2)ooi ; in  New 

■1  (iiiinea  as  Pantjakit  papoea  ; among  the  Malaya  as  Kuki  km  hut  (weak  legs)  ; in  the  French 

‘ Antille.s  as  Maladie  des  sucreries  ; in  Cuba  as  Hinchazon  (ilropsy)  de  Ins  negrns  y Chinos  ; in 

I Brazil  as  Perneiras  (ailing  feet)  ; in  Matto  Gros.so  as  JnchcAo  ; in  Ceylon  it  was  at  one  time 

( known  as  the  had  sickness  of  Ceylon.  In  Jap.an  it  is  sometimes  called  Ashike  \ the  term 

most  commonly  used  there,  however,  is  Kakke,  a word  which  is  now  verj'  frequently  em- 
I ployed  by  European  writers.  It  is  well  to  remember  that  the  term  “kakke”  is  strictly 
synonymous  with  beriberi,  and  does  not  indicate  a special  Japanese  form  of  the  disea.se,  as 
some  seem  to  snppo.se. 

There  has  been  much  useless  and  inconclusive  discussion  about  the  etymology  of  the  word 
beriberi — the  name  ollicially  recognised  by  the  Royal  College  of  Physicians  of  London.  All 
that  is  with  certainty  known  is  that  the  word  is  of  ea.stern  origin.  The  attempts  which 
liave  been  made  to  settle  its  etymology  amount  to  little  more  than  ingenious  speculation. 
Meyer-Ahrens  derives  it  from  the  Hindustani  heri,  a sheep,  in  allusion  to  the  peculiar  gait 
in  some  instances  of  the  disease.  Plateeuw  derives  it  from  the  Sudanese  hirihi,  hirihif,  herehcl. 
.stiff  walking,  jiottering  walking  ; M.arshall  from  the  Singhalese  Pharyee,  we.ak  movement  ; 
Herklots  from  the  Hindu-stani  Bhnrbnri,  swelling,  oedema  ; and  Carter  from  the  Arabic  Imkr. 
asthma,  and  bahri,  a sailor,  in  allusion  to  the  fact  that  it  is  a form  of  dyspnoea  fre(iuently 
met  with  among  sailors  in  the  Arabian  seas.  Simon  says  that  during  a visit  j)aid  to  Ceylon 
he  definitely  ascertained  that  “beriberi”  is  a Singhalese  word  which  simply  means  “a 
very  bad  sickness.” 

Certain  medical  writers,  dissatisfied  with  the  somewhat  uncouth  term  beriberi,  have  sug- 
gested viirious  Latin  or  Greek  name.s,  most  of  them  referring  either  to  the  drojisical  or  fo  the 
I>aralytic  phases  of  the  di.sease,  or  indicating  some  hypothesis  of  its  nature  which  may  or 
may  not  be  correct.  Thus  we  have  Hydrops  asthmaticus  (Rogers),  Synclonus  heriheria, 
(Ma<on  Good),  M yelopathia  tropica  scorlnUica  (van  Overbeck  de  Meijer),  Neuritis  multiplex 
endcinica  (Scheube),  Paraplegia  mephitica  (Swaving),  Sero-}>hthisis  2>ernicwsa  endemica 
(Wernich),  Pannev.ritis  endemica  (Hiilz). 


I 


6i6  SVSTEjU  of  medicine 


Neiching,  the  oldest  medical  treatise  extant  and  attributed  to  Hwang-ti  j 
(D.C.  2697).  It  is  also  mentioned  in  Japanese  books  of  the  ninth 
century  A.i).,  but  Scheube,  who  has  devoted  jnuch  attention  to  the 
literaiy  as  well  as  to  the  scientifie  aspects  of  beriberi,  thinks  that  the 
allusions  w'ere  borrowed  from  Chinese  works ; aild  he  coneludes,  from 
the  evidence  of  contemporary  writings,  that  the  disease  appeared  in 
Japan  for  the  first  time  about  the  middle  of  the  eighteenth  century. 
.\lthough  in  the  earlier  modern  Eiu’opean  works — from  Bontius  onwards 
— relating  to  Eastern  diseases,  beriberi  was  distinctl}'’  recognised,  and,  so 
far  as  the  knowledge  of  the  times  permitted,  accurately  described, 
latterly  the  subject  seemed  for  a time  to  have  somehow  dropped  out 
of  medical  literature  — ■ particularly  the  English  — of  tropical  disease. 
Indeed,  some  authors  were  inclined  to  deny  its  existence  as  a specific 
disease,  and  to  relegate  it  to  some  such  category  as  anmmia,  scurvy, 
malaria,  or  rheumatism.  But  the  recrudescence  of  the  disease  in  Biazil 
about  1863,  the  opening  up  of  Japan  to  foreign  intercourse,  and  the 
discovery  that  the  “ kakke  ” of  that  country  was  none  other  than  the 
beriberi  of  the  Indies,  the  epidemics  in  the  Singapore  gaol  and  in  the 
prisons  and  mines  of  the  Malay  Peninsula,  and  in  plantations  in  the  Malay 
Archipelago,  and  the  ravages  of  the  disease  among  the  Dutch  troops  in 
Atcheen,  have  in  recent  years  concurred  to  force  it  again  into  notice. 

Perhaps  recent  advances  in  neuro- pathology,  the  discovery  that 
what  were  formerly  regarded  as  ill-defined  and  unclassified  groups  of 
palsies  depend  on  inflammation  or  degeneration  of  the  peripheral  nerves, 
and  that  these  pathological  conditions  in  their  turn  are  attributable  to 
certain  poisons,  have  done  more  than  anything  else  to  forward  the  study 
and  knowledge  of  beriberi ; for  it  has  been  clearly  proved  by  Scheube 
and  Biilz  in  Japan,  and,  later,  by  Pekelharing  and  ^Yildder  in  the 
Netherland  Indies,  that  beriberi  is  in  fact  a specific  form  of  perijJiei-al 
neuritis,  an  opinion  now  generally  accepted.  Until  this  generalisation 
was  made,  the  symptoms  and  their  singular  grouping  had  received  no 
satisfactory  explanation.  The  recognition  of  this  explanation  of  the 
clinical  phenomena  further  involves  the  belief  that  the  series  of  mani- 
festations known  as  beriberi  are  essentially  secondary,  and  that  the 
primary  source  of  the  poison  must  be  tbe  antecedent  real  cause  of  the 
disease.  The  work  of  Hamilton  Wright  and  others  has  done  much  to 
emphasise  this  point. 

Efforts  are  being  made  to  advance  a step  further  in  the  search  for 
the  beriberi  poison,  which  may  be  either  a micro-organism  or  a chemical 
substance  of  microbic  origin,  but  no  conclusive  results  have  as  yet  been 
obtained. 

Geographical  Distribution. — Although  cases  of  beriberi  have  been 
reported  as  far  north  as  the  island  of  Saghalien,  and  although  to  our 
knowledge  the  disease  has  originated  in  the  port  of  London  among  the 
crews  of  ships  that  had  been  in  harbour  for  several  months,  its  geo- 
graphical limits  may  for  practical  purposes  be  stated  as  being  about  45° 

N.  (the  island  of  Yezo)  and  about  3.5°  S.  (the  city  and  neighbourhood 
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of  jMonte  Video).  Comniciiciiig  at  the  eastern  coast  of  Asia,  beriberi 
occurs  in  Japan  as  far  north  as  Hakodate,  being  very  common  in  the 
large  towns  of  the  empire,  sucli  as  Tokio,  Yokohama,  and  Kioto,  especially 
in  houses  situated  in  the  low  damp  districts.  In  Corea  it  is  said  to  be 
prevalent,  particnlarl}^  on  the  south-east  coast.  Wo  have  met  with  no 
account  of  its  occurrence  in  China  to  the  north  of  the  Yangtse  Kiver ; but 
at  Shanghai,  and  at  all  the  treaty  ports  south  of  that  city,  in  Formosa, 
and  in  Hong  Kong,  it  is  often  met  with.  It  has  also  been  repoi'ted  as 
endemic  at  Fatshan,  a city  a consideralJe  distance  up  the  Canton  Fiver; 
how  much  farther  the  disease  extends  into  the  interior  of  the  Chinese 
Empire  is  not  known,  but  apparently  it  is  less  prevalent  in  the  agricultural 
districts  than  in  the  crowded  towns  near  the  coast.  It  was  epidemic  in 
Manila  in  1882-83,  and  prevails  there  at  the  present  time.  It  has  also 
been  reported  from  Tonkin  and  from  Cochin  China.  In  Singapore, 
Malacca,  Penang,  and  in  many  parts  of  the  Malay  Peninsula  it  occurs 
with  great  frequency.  It  is  even  commoner  in  Java,  Borneo,  Sumati'a, 
and  in  many  of  the  islands  of  the  Eastern  Archipelago,  the  warm,  dam]) 
atmosphere  of  which  seems  particularly  suited  for  its  development.  Thus 
in  Atcheen  it  has  ])roved  a scourge  to  the  Dutch  troo])s,  native  and 
Euroj)C;in,  and  to  their  camp-followers.  It  is  perhapts  the  most  serious 
difficulty  planters  and  miners  in  the  Malay  countries  have  to  contend 
with ; every  year  thousands  of  their  coolies  succumb  to  this  disease,  in 
some  localities  the  mortality  from  this  cause  being  over  50  j)er  cent. 
Beriberi  in  Australia  is  usually  a ship  disease,  as  in  the  pearling  fleets,  or 
is  met  with  occasionally  as  imported  cases.  Wetherall  reported  an  ej»i- 
demic  among  sixty  aboriginals  who  had  been  im])risoned  at  Kimberley, 
Western  Australia,  and  Coi'lette  and  Molloy  descj-ibe  outbreaks  among 
the  Chinese  in  Sydney  and  IMelbourne.  The  disease  seems  to  haA'e  been 

J common  enough  in  India  at  one  time;  if  it  be  rarer  in  recent  years,  this 
is  possibly  due  to  better  barracks  and  improved  hygiene  in  gaols,  schools, 
and  large  jjublic  institutions  generally.  Decently  we  have  accounts  of 
. outbreaks  in  Burma  as  high  up  the  Irawachly  as  Mandalay.  According 
to  Colonel  Giles  the  disease  pojnilarly  known  in  Assam  as  “ beriberi  ” is 
re:dly  ankylostomiasis,  but  cases  of  true  beriberi  are  still  occasionally 
met  with.  Bei-iberi,  formerly  common  in  Ceylon,  is  now  i-are  in  that 
island.  The  disease  known  as  epidemic  dropsy,  which  visited  Calcutbi 
and  its  neighbourhood,  and  Mauritius  in  1877-80,  has  also  been 
I described  by  some  as  beriberi ; but  although  resernl)ling  this  disease 

I in  certain  respects,  it  appears  to  us  to  have  shewn  many  differences 

— chief  among  which  were  the  low  mortality,  the  invariable  presence 
) of  extensive  dropsy,  the  short  duration  of  the  attack  (three  to  six 
weeks),  the  absence  of  pronounced  anaesthesia  and  paralysis,  and  the 
I frojuency  of  an  eruption  (vi(h'  article,  p.  G43).  Time  beiiberi  does  occur, 

i however,  in  Mauritius  and  in  the  neiglibonring  island  of  Bourbon,  where 

' the  chronic  atrophic  varieties  were  formerly  called  “ barbiers.”  It  is  also 

met  with  in  Madagascar,  Zanzibar,  Mombasa,  and  elsewhere  on  the  east 
' coast  of  Africa.  It  has  often  been  seen  on  the  west  coast  of  that  conti- 
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neat,  and  caused  a terrible  mortality  among  the  coloured  labourers  on  the 
Congo  railway.  In  America  beriberi  has  been  reported  from  Cuba, 
(iuadaloupe,  Panama,  Venezuela,  and  Cayenne.  Of  late  years  it  has 
been  extensively  prevalent  in  Brazil  and  Urugua}',  and  has  been  en- 
countered as  far  south  as  Monte  Video.  It  is  said  to  occur  in  the 
Sandwich  Islands,  and  a definite  epidemic  occurred  in  Fiji  amongst 
imported  Japanese  coolies,  but  when  these  left  the  disease  disappeared 
with  the  exception  of  an  occasional  case  among.st  Chinese  residents.  Beri- 
beri, if  it  occur  at  all,  is  certainly  rare  in  Europe.  It  is  conceivable, 
however,  that  some  of  the  obscure  cases  of  peripheral  neuritis  that  crop 
up  from  time  to  time  are  of  this  nature.  When,  as  in  the  outbreak  at 
the  Richmond  Asylum,  Dublin,  in  1894,  peii^iheral  neuritis  occurs  in  epi- 
demic form  and  cannot  be  traced  to  arsenic,  it  is  most  probably  beriberi. 

As  a general  rule,  in  the  countries  mentioned  beriberi  is  found 
principally  in  the  low-lying  districts  along  the  coasts  and  on  the  banks  of 
rivers ; but  mountainous  districts  and  tablelands,  provided  they  supply 
the  necessary  conditions  of  heat  and  moisture,  are  not  exempt.  Thus, 
according  to  Biilz,  beriberi  occurs  at  Shinano  in  Japan  at  an  elevation 
of  800  metres  above  the  sea-level,  and  in  the  Malay  Peninsula  cases  have 
l)een  seen  in  ravines  3000  feet  above  sea-leA^el,  but  according  to  M'^right 
the  disease  was  really  acquired  at  lower  altitudes.  In  the  endemic  are;is 
it  always  shews  a marked  preference  for  the  low-lying  quarters  of  cities, 
for  barracks,  forts,  hospitals,  schools,  gaols,  mines,  coolie-lines  on  planta- 
tions, and  for  limited  spaces  wherein  large  numbers  are  crowded  together. 
One  of  the  peculiarities  of  its  distribution  is  that  in  some  districts,  as  in 
the  island  of  Singapore,  it  is  mainly  a disease  of  the  town,  whilst  in 
other  disti'icts  in  Malaya  the  large  towns  are  relatively  free. 

In  endeavouring  to  settle  the  geographical  distri1)Ution  of  beriberi  it 
must  be  borne  in  mind  that  our  knowledge  of  the  diseases  of  the  natives 
of  many  of  the  countries  within  the  limits  indicated,  though  constantly 
increasing,  is  still  defective.  It  is  only  at  a few  trading  centres,  for  the 
most  part  on  the  coast-lines,  that  there  are  satisfactory  opportunities  for 
gaining  much  information  about  the  native  diseases  ; and  even  at  some  of 
these  places,  from  the  absence  of  suitable  hospitals,  ignorance  of  native 
languages,  and  disinclination  on  the  part  of  the  peojJe  to  consult 
European  practitioners,  investigation  has  been  imperfect.  Important 
diseases,  even  great  epidemics,  may  exist  among  the  natives  of  the 
interior,  and  even  of  the  coast,  and  yet  the  resident  Europeans  may 
remain  in  complete  ignorance  of  these  events  for  a consitlerable  period. 

A remarkable  feature  about  beriberi  is  its  tendency  to  occur  in  ships. 
In  the  early  days  of  European  trade  with  the  East,  when  ships  were 
small  and  crews  were  large,  when  voyages  were  protracted,  and  when  the 
forecastle  was  crowded  with  ill-fed,  poorly -clothed  native  sailors  often 
accompanied  by  their  families,  beriberi  frequently  broke  out  among  them; 
although,  as  was  often  noted,  it  rarely  spread  aft  to  the  officers  or 
European  quartermasters.  Even  now  beriberi  is  far  from  uncommon 
among  the  native  crews  of  steamers  trading  to  the  East.  The  Seamen’s 
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Hospitals  oil  the  'I'hames  are  sehloiu  without  cases  ul  tlie  disease  landed 
I from  such  steamers.  Not  many  years  ago  beriberi  was  so  common  in  the 
Japanese  Navy  that  one-foui'th  part  of  the  service  was  annually  attacked. 
Similarly  a large  percentage  of  the  natives  and  a few  of  the  Europeans  in 
the  Dutch  men-of-war  in  the  East  Indies  sutler  from  the  disease- — moi'e 
formerly  than  at  the  present  day.  Another  curious  point  in  its  connexion 
with  ships  is  that,  like  yellow  fever,  it  sometimes  seems  to  cling  to 
particular  shi|)s,  and  to  reappear  in  their  crews  year  after  year,  thongli 
in  such  instances  the  intervals  between  the  reappearances  are  often  pro- 
longed. Thus,  in  a Chinese  gunboat,  though  scrupulously  clean  and  well 

< found,  cases  of  beriberi  cropped  up  annually  over  a number  of  years, 
appearing  regularly  among  the  crew  soon  after  the  onset  of  the  hot 
weather.  A remarkable  and  unexj)lained  point  in  connexion  with  ship 
beriberi  is  that  it  is  especially  common  in  Swedish  and  NorwegiaTi  vessels 
— notwithstanding  the  generally  fine  physic[ue  of  the  crews  and  liberal 
diet. 

Etiology. — Beriberi  has  been  attributed  to  a multitude  of  diffei’ent 
causes.  Some  of  these — nephritis,  for  example — are  so  manifestly  un- 
connected with  the  dise;vse  that  it  is  unnecessary  to  discuss  them.  The 
following,  however,  may  be  enumerated  ; — Malaria,  scorbutus,  intestinal 
pirasites,  occupation,  bacteri:i,  pi’otozoa. 

Taking  a broad  view  of  the  occurrence  of  beriberi,  the  influence  of 
malaria,  scurvy,  dysentery,  and  so  forth  as  causal  factors  can  be  definitely 
excluded.  As  regards  malaria,  it  would  be  easy  to  shew  that  whereas 
on  the  one  hand  beriberi  is  common  in  places,  such  as  Singapore,  where 
malaria  is  rare,  on  the  other  hand  it  does  not  occur  in  many  of  the 
countries  most  infested  with  malaria ; that  the  parasites  of  malaria  are 
only  present  in  the  blood  of  persons  with  beriberi  when  the  two  diseases 

< co-exist ; and  that  in  the  great  majority  of  fatal  cases  there  is  no  malarial 
^ pigment,  old  or  recent,  in  the  organs,  and  the  leucocytic  count  is  not 
1 that  of  malaria. 

It  would  also  be  easy  to  shew  that  as  I'egards  intestinal 
there  is  no  relationship  between  the  prevalence  of  such  parasites  as  the 
I ankylostome  or  the  trichocephalus  and  the  occurrence  of  beriberi.  This 
is  true  both  as  regards  the  occurrence  of  the  disease  in  different  countries 
or  amongst  difllerent  races  or  classes  in  the  same  countiy. 

Occupation,  may  also  be  excluded.  Thus,  whilst  beriberi  in  Japan  and 
Bombay  is  commonest  amongst  sailors,  in  the  Malay  States  it  is  com- 
monest amongst  miners,  rare  amongst  those  engaged  in  agricultui'c  and 
in  the  urban  population.  Moreover,  where  two  races  are  engaged  in 
the  same  class  of  work,  whether  mining  or  agriculture,  one  race  will  be 
attacked,  while  the  other  may  escape  almost  entirely. 

Improper  Diet. — This  has  often  been  advanced  as  the  cause  of  beriberi : 
its  claims  will  be  discussed  later  on  (p.  C23) ; meanwhile,  suffice  it  to  say, 
they  have  not  been  established. 

Bacteria. — The  blood,  other  fluids,  and  the  solid  viscera  have  been 
frer|uently  examined,  and  from  time  to  time  the  presence  of  organisms 
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has  been  described.  Tlie  Ijest  known  of  these  organisms  is  the  poly- 
morphic bacterium  described  by  Pekelhariiig  and  AV  inkier.  All  the 
more  important  recent  observations,  conducted  with  the  necessary 
precautions,  have  shewn  that  the  blood  and  solid  viscera  of  persons 
recently  dead  in  any  stage  of  lieriberi  ai-e  sterile,  and  no  organisms  that 
will  crow  on  culture  media  are  to  be  found. 

111  the  hollow  Auscera,  especially  the  alimentary  tract,  organisms  are 
of  course  numerous,  and  attempts  have  been  made  to  isolate  specific 
germs  from  these  situations.  Attention  has  been  mainly  dii'ected  to 
the  throat,  stomach,  and  duodenum,  as  being  parts  often  shewing  clianges 
in  beriberi.  Organisms  presenting  peculiar  characters  have  been  found 
in  or  isolated  from  these  situations,  but  in  no  instance  has  their 
pathogenetic  character  been  proved. 

Protozoa  have  been  described  by  some  observers,  but  all  recent  in- 
vestigations conducted  under  favourable  conditions  have  failed  to  sheiv 
that  any  such  organism  is  present  in  blood,  cerebrospinal  fluid,  serous  , | 
effusions,  or  solid  organs.  i ' 

As  will  be  presently  explained,  the  groipi  of  symptoms  indicated  by  * ■ 
the  term  beriberi  is  probably  a late  manifestation  of  an  antecedent  and 
probably  extinct  infection;  with  this  in  view  it  is  highly  desirable  that 
the  search  for  the  specific  organisms  should  be  made  at  an  earlier  period 
and  before  the  recognised  clinical  manifestations  of  the  disease- — the 
nervous  s}mi2itoms — have  set  in. 

Before  discussing  the  A^arious  hypotheses  as  to  the  cause  of  beriheri 
Avhich  are  seriously  advocated  by  modern  expert  obserAmrs,  there  are  a 
feAv  outstanding  points  concerning  the  distribution  and  occurrence  of 
the  disease  Avhich  ought  to  Ije  considered  irrespective  of  any  hypotheses. 

Beriberi  occurs  in  all  races  and  in  both  sexes,  but  cluldi-en  are  rarely 
attacked.  Tu  any  one  country  or  place  the  incidence  is  mainly  in  one 
only  of  several  races  resident  there,  and  in  ship  epidemics  it  has  often 
been  limited  to  one  of  several  races  that  may  be  represented  among 
the  croAvs.  In  the  Malay  Peninsula  the  Chinese  suft'er  most  severely, 
but  it  is  rare  amongst  the  Tamils,  and  does  not  attack  the  Malays 
in  the  natiA^e  villages.  Europeans  and  Eurasians  escape.  Speaking 
generally,  the  disease  is  most  common  amongst  the  poorer  classes  of 
the  affected  race,  and  is  most  prevalent  Avhen  Avork  and  money  are 
scarce.  This  is  Avell  sheAvn  in  the  Malay  States,  Avhere  the  staple  article 
of  export  is  a commodity  of  fluctuating  A^alue — tin.  The  preA'alence  of 

the  disease  Avhen  the  price  of  tin  Avas  low  AA^as  much  greater  than  at  any 
time  before  or  after  this  period  Avheu  the  A^alue  of  tin  Avas  high.  On 
board  ship  it  is  unusual  for  the  officers  to  be  attacked,  the  disease 
generally  being  limited  to  the  occupants  of  the  forecastle,  though  in  rare 
instances  the  officers  suffer  Avhile  the  sailors  escape. 

Period  of  Exposure. — Persons  Avho  come  into  a district  or  institution, 
such  as  a prison,  in  Avhich  beriberi  is  rife  do  not  manifest  signs  of  the 
disease  for  some  time.  Among  a number  of  fresh  arrivals  feAv  cases 
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occur  in  the  first  month ; after  this  period  cases  begin  to  crop  up,  the 
largest  number  being  in  the  third  and  fourth  months  of  residence.  The 
beriberi  incidence  among  new  arrivals  in  the  mining  district  of  Sungei 
Lembing,  and  the  length  of  time  between  sentence  and  admission  to 
hosjiibil  for  beriberi  in  the  Kwala  Lumpur  gaol,  may  be  taken  as 
examples.  The  following  table  for  that  gaol  is  abstracted  from  figures 
compiled  by  Travers  : — 


•Mouth  aftiT  Admission. 


1st. 

2nd. 

3rd. 

nil. 

•Mil. 

nth. 

7th. 

8 th  to 
12th. 

Suiigei  Lembing  Mines  . 

10 

48 

91 

82 

72 

It) 

46 

148 

Kwala  Lumpur  Gaol 

11 

4:') 

67 

40 

27 

2;') 

25 

8 

'rhough  these  figures  represent  the  common  period  of  exj)Osure,  other 
observations  shew  that  a much  longer  time  may  elapse.  This  period 
must  include  the  time  that  passes  before  the  poison — whether  a germ  or 
of  other  nature — is  introduced,  the  period  of  incubation,  if  there  be  one, 
and  the  time  that  must  elapse  to  allow  the  effect  on  the  nerves  to 
become  manifest.  The  average  incubation-period  must,  therefore,  be 
considerably  less  than  this  period  of  liability  to  acquire  the  infection. 

Seasonal  Variation. — In  most  countries  this  is  not  absolute,  but  near 
the  equator  the  admissions  to  hospitals  and  the  deaths  are  apt  to  be 
most  numerous  in  the  wet  cool  months.  The  more  marked  the  climatic 
variations  the  more  marked  is  this  difference.  Cases  are  admitted  and 
oi'iginate  at  all  times  of  the  year,  and  epidemics  may  occur  in  any  season. 
The  variation  observed  is  more  on  a par  with  that  noticed  in  the  rate- 
incidence  of  typhoid  fever  or  of  other  zymotic  diseases,  than  with  that 
shewn  in  diseases  in  which  differences  in  the  climatic  conditions  play 
a more  important  part.  In  subtropical  countries  beriberi  may  be  met 
Avith  oidy  in  the  warm  season. 

The  eAudence  is  strongly  in  favour  of  the  opinion  that  the  disease  is 
carried  by  or  Avith  man.  In  gaols  the  outbreaks,  both  at  their  com- 
mencement and  throughout  their  course,  are  associated  Avith  the  admission 
of  new  prisoners  in  the  early  stages  of  the  disease.  At  the  same  time 
it  should  be  noted  that  an  epidemic  soon  dies  out  Avhen  sucli  importation 
ceases ; for,  apparently,  under  the  ordinary  conditions  of  prison  hygiene, 
cases  that  develop  in  gaol  do  not  seem  to  be  capable  of  cairying  oti  a?i 
epidemic  for  any  considerable  period. 

Beriberi  introduced  into  countries  previously  unaffected  may  spi-ead 
only  amongst  the  race  that  brought  it.  This  Avas  Avell  exemplified  in 
Fiji,  Avhere  a severe  epidemic  among  the  imported  Japanese  labourers 
persisted  as  long  as  they  remained  in  the  country,  but  did  not  attack 
any  other  races,  and  disappeared  Avhen  the  Japanese  left  the  islands. 
In  other  recorded  importations,  though  at  first  confined  to  one  race,  the 
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disease  extended  to  other  races,  so  that  more  widespread  outbreaks 
occurred.  It  may  well  be  that  originally  the  disease  was  introduced  by 
the  Chinese  into  tlie  Malay  Peninsula,  where  it  is  now  widespread, 
and  where  it  occurs  amongst  several  races,  though  to  a less  extent  than 
in  the  Chinese  themselves. 

The  modern  views  as  to  the  causation  of  beriberi  may  be  divided 
into  those  which  assume  that  the  poison,  or  condition,  causing  the  nerve- 
lesions  is  manufactured  or  originates  outside,  and  those  which  assume 
that  it  is  produced  inside  the  body  of  the  patient.  Under  the  first 
heading  may  be  mentioned  (1)  nitrogen  starvation;  (2)  arsenical  poison- 
ing ; (3)  chronic  poisoning  from  some  constituent  formed  in  certain 
classes  of  food,  such  as  fish  or  rice,  and  ingested  with  the  food ; (4) 
absorption  by  inhalation  or  otherwise  of  poison  emanating  from  the 
ground  or  surroundings  in  places  where  beriberi  occurs,  i.e.  place-infection  ; 
(5)  personal  infection.  Under  the  second  heading  are  those  hypotheses 
to  the  effect  that  the  poison  is  formed  in  the  body  as  a result  either  of 
a primary  microljic  invasion  producing  a local  lesion,  or  of  some  organism 
whicli  forms  this  poison  without  causing  such  definite  local  lesion.  The 
local  lesions  described  are  located  in  the  alimentary  canal,  (1)  gastro-duo- 
denitis,  (2)  pharyngitis  and  otlier  throat  or  mouth-lesions. 

1.  Nitrogen  Starvation. — From  a consideration  of  its  geographical 
distribution,  it  appears  that  the  disease  is  commonest  in  rice-eating  races, 
especially  among  the  classes  in  these  races  who,  not  being  able  to  afford 
much  food  of  other  kinds,  sul)sist  mainly  on  rice.  A diet  deticient  in 
nitrogenous  elements  is  therefore  a common  feature  in  many  of  the  out- 
breaks of  beriberi.  Observations  in  Ja])an  were  in  favour  of  the  view 
that  such  a diet  was  the  real  cause  of  beriberi.  Up  to  1883  the  cases  in 
the  navy  of  that  country  averaged  over  a quarter  of  the  strength,  and 
in  that  year  there  were  1236  cases  of  beril)eri  in  a force  of  5349  men. 
In  1884  the  diet  ny  was  changed,  a larger  proportion  of  nitrogenous  food 
being  given,  and  in  1885  there  wei^  only  41  cases,  in  1886  only  3,  and 
since  then  practically  none.  Takaki,  who  was  the  first  to  propound 
the  nitrogen-starvation  hypothesis  and  who  brought  about  these  dietetic 
changes,  naturally  regards  these  figures  as  a proof  that  his  view  as  to  the 
influence  of  diet  on  the  causation  of  beriberi  is  correct.  It  must  he 
recognised,  however,  that  other  extensive  changes  were  made  at  tlie  same 
time,  and  that  the  general  hygienic  conditions  were  vastly  improved. 
The  publication  of  Takaki’s  views  and  statistics  led  to  a careful  con- 
sideration of  the  diets  in  gaols  where  epidemics  were  frequent,  such  as 
those  in  Singapore  and  the  Federated  Malay  States,  but  in  spite  of  diets 
as  physiologically  correct  as  that  ado])ted  in  the  Japanese  navy,  outbreaks 
of  beril)ei'i  still  continue,  and  bear  little  or  no  relation  to  the  changes  in 
the  diets.  “ NiU'ogen  starvation,”  moreover,  is  common  in  all  countries 
amongst  the  poorer  classes,  and  yet  beriberi  is  limited  in  its  distribution. 

(2)  Arsenical  poisoning  was  suggested  by  Prof.  R.  Ross  on  account  of 
the  close  resemblance  between  the  neuritis  of  beriberi  and  that  occiuring 
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ill  the  drinkeis  of  beer  coiitamiiuited  Avith  arsenic,  and  because  analyses 
I of  hair  of  beriberi  patients  have  in  some  instances  shewn  an  exci-ss  of 
j ai’senic.  It  has  been  shewn,  hoAvever,  that  in  the  Singapore  gaol  all  the 
I articles  of  diet  were  free  from  arsenic  though  beriberi  was  prevalent  in 
the  institution  at  the  time  of  the  analysis.  The  occurrence  of  beriberi 
in  the  tin  mines  of  the  Malay  States  bears  no  relation  to  the  amount 
' of  arsenic  in  the  mineral ; and  in  a mine  in  which  arsenic  is  abundant, 
I the  Tamils,  though  equally  exposed  to  risks  of  arsenical  poisoning,  almost 
invariably  escape  whilst  their  fellow-labourers  the  Chinese  are  attacked. 
It  is  rare  for  arsenical  neuritis  to  occur  without  any  previous  symptoms 
of  arsenical  poisoning,  yet  in  beriberi,  symptoms  such  as  are  unquestion- 
ably due  to  arsenic  are  extremel}'  rare.  The  skin  lesions  of  arsenical 
I poisoning,  for  example,  are  not  met  with  in  beriberi. 

■ (3)  Infected  or  decayed  food  is  by  many  considered  to  be  the  cause. 
The  tAvo  articles  of  diet  incriminated  are  fish  and  rice.  Full,  Avhcther 
fresh  or  salt,  can  be  excluded,  because  during  some  of  the  prison 
epidemics,  such  as  that  iji  IxAvala  Lumpur  in  1900,  no  fish  at  all  AA’^as 
eaten. 

Rice  forms  a large  proportion  of  the  simple  diets  adopted  in  all 
tropical  gaols,  and  in  many  it  is  the  otdy  cereal  consumed.  In  these 
' prisons  outbreaks  of  beriberi  have  occurred  from  time  to  time,  quite 
irrespective  of  the  proportion  of  rice  in  the  dietaiy.  "Without  any  change 
I in  the  relative  amount  of  the  rice  or  other  food  constituents  an  epidemic 
I may  originate,  decline,  and  die  out.  If,  therefore,  rice  be  the  cause  of 
I beriberi,  it  is  not  a question  merely  of  the  quantity  of  rice  consumed, 
( but  of  the  amount  of  the  “ poison  ” it  may  contain,  Avhich  must  A'ary 
I greatly.  This  “poison”  cannot  be  of  the  nature  of  a living  germ,  for  in 
I some  of  these  institutions  the  rice  is  boiled  under  pressure  ajul  has  been 
{ shcAvn  to  be  sterile  after  cooking  ; moreover,  it  may  appear  sound  and  free 
I from  visible  signs  of  disease  or  decay.  A rice-conveyed  living  germ  or 
an  organic  poison  produced  b}'^  gross  putrefaction  are  therefore  excluded. 

A more  important  hypothesis  is  to  the  effect  that  rices  prepared  in 
certain  Avays  may  develop  a poison  Avhich  is  not  decomposed  by  boiling, 
and  that  this  poison  taken  continuously  in  small  quantities  causes  the 
’ neuritis.  JNIarket  rice  before  it  is  husked  is  eithei-  sinqffy  di’ied ; 
or  it  is  dried,  then  boiled  or  steamed,  and  again  dried  before  husk- 
ing. The  forms  of  rice  suspected  by  the  advocates  of  the  rice-poison 
hypothesis,  notably  Braddon,  are  those  in  Avhich  the  rice  is  pi-epai-ed 
from  the  padi  by  husking  Avithout  previous  boiling  oi-  steaming.  Braddon 
believes  that  the  husk  contains  a fungus  Avhich  is  able,  after  the  grain 
is  husked,  to  penetrate  into  the  bruised  and  decoiticated  grains.  It  is 
further  supposed  that  only  certain  crops,  or  the  rice  from  certain  places, 
contain  this  fungus,  and  that  therefore  it  is  only  a small  proportion  of 
the  eaters  of  this  class  of  rice  Avho  Avill  be  attacked.  In  sup])ort  of  this 
hypothesis  certain  Avell-ascertained  facts  are  cited,  such  as  the  comparative 
immunity  of  the  Tamils,  avIio  steam  or  boil  the  rice  before  husking,  as 
compared  Avith  the  Chinese,  Avho  use  rice  husked  Avithout  previous  boiling. 
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Further,  in  a fair  number  of  instances  an  outbreak  has  ceased  suddenly 
when  the  rice  has  been  changed.  But  sudden  cessation  of  epidemics  is 
so  common  in  the  histories  of  outbreaks  of  beriberi,  even  without  any 
change  in  the  diet,  that  little  stress  can  be  attached  to  this.  In  most 
of  such  instances,  in  addition  to  the  change  of  rice  other  changes  affect- 
ing the  hygienic  condition,  and  particularly  affecting  the  possibilities  of 
infection,  had  been  made,  so  that  besides  the  change  of  rice  many  addi- 
tional factors  were  introduced  that  materially  detract  from  the  significance 
of  the  observations.  In  several  instance.s,  such  as  those  recorded  by 
Drs.  Travers,  Wright,  and  Durham,  two  groups  of  men  were  for  months 
fed  on  portions  of  a mass  of  rice  cooked  in  the  same  place,  and  yet 
though  numerous  cases  occurred  in  one  group  there  were  none  in  the 
other.  In  view  of  the  importance  of  the  question  further  experiments 
are  urgently  needed  on  a large  scale,  and  under  conditions  sufficient  to 
e.xclude  the  possibility  of  infection,  mediate  or  intermediate.  Careful 
criticism  shews  that  the  available  evidence  in  favour  of  rice  as  an  essential 
cause  or  as  containing  the  real  cause  of  the  disease  is  weak ; and  there 
are  so  many  facts  in  favour  of  the  opinions  that  either  infection  from  man 
to  man,  or  that  which  has  been  designated  “ place-infection,”  is  the  method 
by  which  the  disease  is  spread,  that  in  the  absence  of  conclusive  evidence 
that  rice  is  a factor  we  are  justified  for  the  present  in  disallowing  that 
hypothesis. 

(4)  Ground-,  earth-,  or  place-ivfection  has  manj^  advocates.  Instances 
iji  whicli  successive  occupants  of  houses,  or  even  beds,  have  been  attacked 
can  be  adduced.  In  some  institutions  beriberi  is  always  present,  though 
varying  greatly  in  prevalence  from  time  to  time.  In  other  institutions 
and  in  ships  its  occurrence  year  after  year  has  been  noted ; in  other 
instances  the  intervals  between  the  successive  reappearances  of  the 
disease  ai-e  more  varialde  aiid  often  prolonged.  According  to  this 
hypothesis  the  earth  or  buildings  contain  a germ  which  in  certain 
circumstances,  such  as  warmth  and  dampness,  multiplies ; its  toxic 
products  diffusing  are  absorbed  in  air,  food,  or  otherwise,  and  so 
cause  the  neiiritis.  As  in  the  case  of  other  hypotheses  constructed  to 
suit  certain  points  in  the  etiology,  some  of  the  facts  are  not  completely 
explained  by  tliis  hypothe.si.s.  Thus,  in  those  instances  in  which  the 
intervals  between  outbreaks  are  prolonged,  months  or  even  years  inter- 
vening, the  infection  is  either  not  permanent,  or  if  permanent  is  only  active 
at  uncertain,  irregular  times,  which,  so  far  as  is  known,  are  not  obviously 
related  to  any  meteorological  or  other  condition.  Again,  in  some  places, 
for  example  certain  gaols,  the  occupants  of  the  ground -floor  do  not 
suffer  more  than  those  on  the  first  or  second  floors,  an  occurrence  that 
is  difficult  to  explain  on  the  supposition  of  an  infected  soil.  A common 
argument  in  favour  of  this  hypothesis  is  that  recovery  is  more  certain 
and  rapid  in  persons  removed  from  an  infected  locality,  and  undoubtedly 
a markedly  beneficial  effect  often  follows  such  a change  ; but  it  is  not 
essential  for  recovery,  and  in  many  instances  in  which  some  patients  have 
been  removed  and  others  have  not,  recovery  has  been  more  rapid  and  the 


BEKIBEKI 


625 


|(  case-mortality  lower  among  those  remaining  in  the  infected  locality  than 
I amongst  those  removed.  The  low  rate  of  mortality,  3-5  per  cent,  in 
c many  institutions  in  which  the  patients  are  not  removed  from  the 
I endemic  area  tends  to  shew  that  continued  absorption  of  a poison  does 
I not  occur. 

All  who  believe  that  some  kind  of  infection  is  at  work  in  beriberi 
' will  admit  that  in  some  cases  the  infective  agent  remains  in  the  rooms 
1 and  articles  of  personal  use  for  some  days  or  even  longer  after  the 
I removal  of  the  patient,  though  the  infective  agent  cannot  maintain  its 
f extra-corporeal  existence  for  an  indefinitely  prolonged  period  in  earth, 
I rooms,  or  clothing.  There  is  nothing  in  the  hypothesis  of  place-infection 
1 incompatible  with  the  observation  that  in  some  instances  the  disease  is 
1 carried  from  one  place  to  anothei’,  and  that  in  others,  as  in  the  case  of 
I the  Japanese  coolies  in  Fiji,  though  introduced  in  this  manner,  its  spread 
I is  extremely  limited,  for  all  soils  and  conditions  may  not  be  suited  for 
the  development  of  the  organism  producing  the  poison.  According  to  this 
' hypothesis  the  organism  may  possibly  be  normally  present  in  some  soils, 
though  it  is  certainly  not  so  in  most,  even  in  Asia.  This  hypothesis, 
like  so  many  others,  does  not  explain  the  immunity  of  certain  races 
. and  classes,  such  as  that  of  the  Tamil  mining  coolies  in  the  Malay  States. 

Tamils  and  Chinese  work  in  the  same  or  in  closely  adjacent  mines,  and 
! live  in  similar  barracks  close  to  these  mines.  Beriberi  rarely  occurs 
, amongst  these  Tamils,  but  the  Chinese  suffer  severely  from  it.  On  the 
I other  hand,  when  Chinese  and  Tamils  are  under  precisely  the  same  con- 

■ ditions,  as  in  the  larger  prisons,  individuals  of  both  races  acquire  the 
' disease ; the  immunity,  therefore,  is  not  racial. 

(5)  Personal  Infection. — The  hypotheses  based  on  the  belief  that  the  dis- 

■ ease  spreads  from  man  to  man  are  consti'ucted  on  analogies  with  other 
knowndiseases,andparticularly  with  diphtheria.  Though  the  nerves  affected 

t differ  to  some  extent  in  diphtheria  and  in  beriberi,  the  nerve-changes  are, 

: according  to  Hamilton  Wright,  practically  identical  in  the  two  diseases. 

I As  might  be  anticipated,  careful  search  has  been  made  for  some  primary 
I lesion,  even  if  only  of  a trivial  character,  to  correspond  with  the  throat 

■ condition  which  precedes  diphtheritic  paralysis.  The  gastro- duodenal 
' condition,  considered  by  Hamilton  Wright  as  the  primary  lesion,  Avill 

I'e  discussed  later.  The  pharyngitis  suggested  by  Dr.  Durham  as  a 
I possible  representative  is  too  inconstant ; and  the  same  may  be  said  of 
various  oral  and  dental  conditions  met  with  in  some  cases  of  berilieri  and 
in  some  outbreaks  in  the  majority  of  the  j^ersons  affected.  No  constant 
lesion  has  been  proved  to  precede  the  neuritis,  and  there  is  no  antecedent 
lesion  or  definite  condition  which  enables  ns  to  predict  the  onset  of  the 
; paralytic  disease  we  know  as  beriberi. 

The  present  state  of  our  knowledge  only  admits  of  the  following  con- 
' elusions  : that  the  real  causal  agent  is  capable  of  transmission  by  man 
' from  place  to  place ; that  when  introduced  into  a healthy  community, 
such  as  the  inhabitants  of  a gaol,  the  disease  spreads  to  a limited  extent 
only,  unless  fresh  cases  be  introduced  ; that  though  close  attention  to 
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hygienic  conditions,  esjiecially  to  diet,  may  further  restrict,  it  does  not  j^re- 
vent  this  spread  ; that  the  disease  is  not  conveyed  by  air  or  for  any  distance 
by  water,  and  that  there  is  no  satisfactory  evidence  that  it  is  spread  by  fsecal 
contamination  of  food  or  water;  that  the  disappointing  results  of  disinfect- 
ing dwelling-places,  such  as  coolie-lines  or  prison-cells,  is  opposed  to  the 
opinion  that  the  disease  is  spread  by  inhalation ; that  no  gross  lesion  is 
a constant  precursor  of  beriberi,  and,  therefore,  that  if  the  cause  of  the 
disease  be  a micro-organism,  vegetable  or  animal,  it  must  be  one  that 
produces  the  neurotoxin  without  giving  rise  to  any  marked  and  con- 
stant local  lesion,  or  affecting  the  general  health ; that  it  Avould  thus 
resemble  some  other  diseases  due  to  nerve-poisons  in  which  the  primary 
lesion  may  be  insignificant  or  imperceptible,  as  in  some  cases  of  tetanus. 

If  it  be  assumed  that  beriberi  is  a germ  disease,  and  that  this  germ  is 
introduced  into  the  body,  it  may  be  that  it  produces  the  characteristic 
lesions  by  means  of  a poison  elaborated  in  the  blood  or  in  the  contents  of 
the  alimentary  canal. 

Infection  and  how  conveyed. — Assuming  that  beriberi  is  a germ  disease, 
it  is  important  to  determine,  if  possible,  the  mode  in  which  the  infection 
is  conveyed. 

In  many  instances  one  member  only  of  a family  is  attacked,  and  even 
a person  in  close  contact  with  those  attacked  may  entirely  escape.  Beri- 
beri is  ^■ery  rare  amongst  medical  men,  hospital  attendants,  and  prison 
warders,  even  when  the  inmates  of  such  institutions  suffer  severely. 
Therefore,  if  beriberi  be  directly  communicable  from  man  to  man  it  can 
only  be  so  to  a very  slight  extent ; moreover,  this  mode  of  transmission 
does  not  explain  the  frequent  epidemics  or  the  irregularity  of  its  spread  in 
an  isolated  communit}'. 

Our  knowledge  of  the  way  in  which  disease  is  conveyed  by  inter- 
mediate hosts,  mainly  insects,  raises  the  question  whether  this  form  of 
infection  plays  any  part  in  the  case  of  beriberi.  The  occurrence  of  , 
outbreaks  on  board  ships  at  sea  limits  the  possibility  of  such  a form  of 
infection  to  a very  few  insects.  As  possible  carriers  or  intermediate  hosts 
mosquitoes  can  be  definitely  excluded.  In  some  of  the  gaols  mosquitoes 
are  not  numerous  and  belong  to  well-known  domestic  sj^ecies.  Culex 
fatigans  is  the  commonest,  but  Stegomyia  scutellaris  oi-  fasciatc  and  Myzomyia 
rossii  are  also  found.  Beriberi  is  unknown  in  many  jilaces  where  these 
mosquitoes  occur.  A hypothesis  based  on  the  idea  of  mosquito  infection 
does  not  explain  the  freedom  of  night-warders  and  of  other  gaol  officials, 
nor  the  rarity  of  the  disease  among  the  Tamils  in  the  IMalay  States  who 
sometimes  occupy  with  impunity  coolie-lines  near  those  crowded  with 
severely  infected  Chinese.  Most  of  the  biting  flies,  including  “ .sand-flies,” 
can  also  be  excluded,  as  they  do  not  occur  in  some  of  the  prisons  in 
which  the  disease  prevails.  The  same  is  true  as  regards  ticks.  Of  other 
blood-.sucking  insects,  the  only  ones  that  need  be  considered  are  fleas, 
I)ed-bugs,  and  lice.  Fleas  can  be  excluded  as  they  are  extremely  rare 
in  prison-cells  and  ships.  Bed-bugs  (Cimex  lectularius)  are  not  uncommon 
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iuid  are  difficult  to  extirpate,  and  as  far  as  beriberi  incidence  in  prisons 
is  concerned  they  might  possibly  be  the  carriers ; but,  in  the  ]\Ialay 
States,  outside  the  prisons,  Tamils  and  Sikhs  are  at  least  as  much  infested 
with  these  pests  as  the  Chinese  who  suffer  from  beriberi.  The  weekly 
or  bi-weekly  oil  bath  taken  by  the  Tamils  is  no  protection  from  these 
insects. 

There  are  certain  facts  which  encourage  the  study  of  lice  as  possible 
transmitters  of  beriberi ; these  insects  are  found  in  all  races,  though  lice 
other  than  Pediculus  capitis  are  very  rai'e  in  the  Malay  States.  Pediculi 
are  restricted  to  certain  regions  of  the  body ; Pediculi  capitis,  for  examide, 
being  rarely  found  on  hairy  parts  other  than  the  head.  The  variations  in 
colour  and  markings  of  pediculi  infesting  the  diiferent  races  of  mankind 
appear  to  be  not  oAl}’  an  adaptation  to  surroundings,  but  may  imply  a pre- 
ference for  one  of  the  same  race  in  the  event  of  change  of  hosts.  The 
customs  of  the  different  classes  of  a community  as  regards  treatment  of 
the  hair,  use  of  oils,  frequency  of  washing,  and  so  forth,  may  vary  greatl}', 
whilst  in  the  prisons  all  are  treated  alike.  Pediculi  only  occasionally  and 
accidenUilly  change  their  hosts,  but  this  occurs  sufficiently  often  to  make  it 
possible  that  these  insects  might  be  the  means  of  conveying  disease  to 
other  individuals.  The  persons  thus  infected  would  probably  be  of  the 
same  race  and  class  as  the  individuals  from  whom  the  lice  were  derived, 
because  the  treatment  and  character  of  the  hair  is  similar.  The  more 
crowded  and  poorer  classes  would  necessarily  be  most  liable  to  be  infected 
.ill  this  manner.  Pediculi,  therefore,  appear  to  be  the  only  possible 
transmitting  living  agents  of  beriberi.  There  is  no  proof,  however, 
that  it  is  so  conveyed.  The  most  that  can  be  said  in  favoiir  of  such 
a hypothesis  is  that  it  is  compatible  with  many  of  the  peculiarities  in  the 
race,  class,  and  sex-incidence  of  the  disease. 

The  possibility,  therefore,  that  the  virus  of  this  disease  is  conveyed  by 
pediculi  or  other  ectozoa  is  worthy  of  serious  investigation,  and  makes  it 
important  that  every  effort  shoukl  be  made  to  exterminate  all  such  pests 
, in  those  institutions  and  communities  in  which  beriberi  occurs. 

Pathological  Anatomy. — The  morbid  changes  in  fatal  cases  of  beri- 
beri are  chiefly  in  the  nerves.  In  addition,  the  hydropic  form  shcAvs  a 
general  serous  infiltration  of  all  the  connective  tissues,  and  increase — 
sometimes  to  a A'ery  considerable  extent — in  the  serous  exudation  in  the 
pericardial,  pleural,  and  peritoneal  sacs.  Small  ecchymoscs  under  the 
serous  membranes  are  not  uncommon,  and  are  probably  produced  during 
the  death  agony.  Occasionally  intramuscular  hamiorrhages  and  smaller 
extravasations  Avithin  the  sheaths  of  the  nerves  are  met  Avitli.  The  lungs 
i are  often  cedematous  and  flaccid,  eA^en  shortly  after  dcatli.  All  the 

? cavities  of  the  heart  are  dilated,  but  the  right  more  so  than  the  left.  A 

i slight  degree  of  hypertrophy  appears  to  be  the  rule,  as  the  Aveight  of  the 

I heart  is  on  the  average  above  normal.  The  myocaidium  is  fatty  and 

1 frialAle.  There  are  no  characteristic  lesions  of  the  abdominal  viscera. 

The  special  lesions  are  in  the  peripheral  nerves  and  in  the  muscles  sup- 
i plied  by  them  ; they  closely  resemble  those  in  post-dii)htheritic  paralysis. 
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The  later  and  coarser  lesions  were  carefully  studied  by  Biilz,  Scheube, 
Bekelharing  and  AViidder,  and  others. 

Hamilton  Wright  describes  the  histological  appearances  in  the  early 
and  rapidly  fatal  cases  as  consisting  only  of  slight  alterations  in  the  trophic 
cells  of  the  affected  neurons.  In  these  neurons,  in  preparations  stained 
by  Marchi’s  method,  there  is  only  a slight  black  flecking  about  the  nodes 
and  scattered  discretely  along  the  internodes ; no  coarse  changes  are 
apparent,  although  in  these  acute  cases  almost  every  fibre  of  the  vagus 
may  be  affected.  The  parent  cells  as  shewn  by  Nissl’s  method  are  swollen, 
the  nuclei  eccentric,  and  the  Nissl’s  bodies  in  the  processes  and  in  the 
periphery  of  the  cells  absent  or  altered.  The  changes  at  this  stage  are 
so  slight  that  Wright  believes  complete  I’ecovery  would  be  possible  if  the 
causal  poison  were  removed  or  countei’acted. 

In  a rather  more  advanced  stage  he  describes  the  nuclei  as  being 
swollen  and  dislocated,  and  the  processes  denuded  of  Nissl’s  bodies  and 
almost  wholly  of  the  fine  deposit  derived  from  them.  The  central  Nissl’s 
bodies  are  diminished  in  size.  In  the  dependent  fibres  the  altered  myelin 
is  often  broken  up  into  fine  globules,  but  the  irregular  nodal  and  inter- 
nodal  flecking  predominates.  The  important  feature  at  this  stage  is  not 
the  degree  but  the  extent  of  neuronal  change.  In  fact,  the  changes  in  the 
vagal  cardiac  and  accelerator  fibres  are  so  widespread  that  the  freeing  of 
the  heart  from  its  nervous  control  results  in  death  before  sufficient  time 
has  elapsed  for  more  advanced  nerve-changes  to  occur. 

In  the  more  advanced  stages  a proportion  only  of  the  neurons  are 
implicated,  and  many  seem  to  have  recovered  completely.  In  the  otheis 
the  cells  shew  extensive  changes,  the  nuclei  being  dislocated,  and  the 
Nissl’s  bodies  having  disappeared.  The  terminations  of  the  nerve-fibres 
are  in  an  early  stage  of  atrophy — Wallerian  in  appearance.  The  myelin 
is  altered  and  broken  up  into  globules  moi’e  or  less  coarse,  as  descril)ed 
l)y  Scheube,  Pekelharing  and  AVinkler,  and  others.  AVhen  the  morbid  pro- 
cesses have  advanced  to  this  stage,  recovery  of  the  function  of  the  affected 
neurons  is  impossible. 

The  changes  described  have  been  found  not  only  in  the  nerves  of  the 
limbs,  but  also  in  the  pneumogasti'ic  and  phrenic  nerves  ; in  the  laryngeal 
branches  of  the  former,  and  in  the  nerves  of  the  heart. 

According  to  Pekelharing  and  Winkler,  the  symjyathetic  fibres —so 
numerous  in  the  pneumogastric — present  evidence  of  implication  in  their 
finely  granular  appearance  and  in  the  proliferation  of  their  nuclei.  Similar 
appearances  have  been  noted  by  Scheube  in  the  renal  sympathetic. 

The  affected  muscles  are  usually  sodden  and  pale ; occasionally  in  the 
atrophic  forms  of  beriberi  they  are  dry  and  shining.  In  both  forms  the 
individual  muscular  fibres  shew  granular  or  vitreous  degeneration,  stria- 
tion  l)cing  faint  or  absent,  and  the  fibres  much  wasted  or  reduced  to 
sarcolemma  only.  There  is  also  an  increase  of  nuclei,  together  with 
overgrowth  of  interfascicular  connective  tissue,  particularly  along  the 
course  of  vessels.  Young  muscular  fibres,  or  Avhat  from  their  clear 
striation  are  presumed  to  be  such,  are  often  visible  among  the  degener- 
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— 
atcd  tibres.  Evidence  of  myocardial  degeneration,  extremely  variable  in 
amount,  is  constantly  present,  and  hei'e  and  there  among  the  muscular 
I tibres  foci  of  inflammatory  infiltration  may  be  detected  Avith  the  micro- 
scope. 

Changes  in  the  alimeniari/  canal  liaA-e  been  described  as  possible  indica- 
i tions  of  the  primary  condition  to  Avhich  the  nerve-lesions  are  secondary. 

From  time  to  time  many  observers  have  noted  in  some  cases  of  beriberi 
j a congested  condition  of  the  stomach  and  other  parts  of  the  alimentar}’ 
canal.  This  condition  AA’as  carefully  studied  b}’  Hamilton  Wright,  Avho 
1 describes  the  lesion  as  a gastro-duodenitis,  the  mucosa  sheAving  moderate 
i;  congestion,  intense  inflammation,  or  haemorrhagic  infiltration.  According 
K to  this  olAserver,  in  all  cases  the  pyloric  encl  of  the  stomach  and  the 
A’alvidaj  conniventes  of  the  duodenum  are  the  seat  of  discrete  or  more 
I or  less  confluent  hjemorrhagic  extraA'asations,  or  the  crests  of  the  valvulae 
conniventes  are  deeply  injected.  When  these  changes  are  extensive  a 
thin  layer  of  blood-stained  mucus  can  be  stripped  from  the  underlying 
mucosa.  Sometimes  the  changes  are  met  Avith  over  a more  extensive 
area,  even  as  Ioav  doAvn  as  the  caecum.  In  these  affected  areas  the  same 
observer  also  describes  a large  bacillus  Avith  rectangular  ends.  It  retains 
the  stain  when  treated  by  Gram’s  method.  This  organism  has  not  been 
isolated  and  has  not  been  found  constantly  by  other  observers  in  the 
tissues  or  in  the  contents  of  the  alimentary  canal.  Dr.  Hunter  considers 
these  organisms  to  be  a secondary  invasion. 

Wright  maintains  that  gastro-duodenitis  is  present  in  all  early 
acute  cases,  that  it  disappears  in  a comparatively  short  time  (often  tAvo 
Aveeks  or  less)  after  the  onset  of  the  nerve-symptoms,  and  that,  judging 
from  clinical  evidence — gastric  symptoms  and  eijigastric  tenderness — 
it  precedes  these  changes.  He  concludes  that  this  gastro-duodenitis 
is  the  primary  and  essential  lesion  in  beriberi. 

No  doubt  gastro-duodenitis  often  occurs  in  beriberi,  but  it  is  certainly 
not  invariably  present  in  the  early  stages,  as  Wright  asserts.  The  evidence 
that  the  morbid  changes  in  the  stomach  and  duodenum  are  a necessary 
precursor  of  beriberic  paralysis  is  not  conclusiA^e ; it  is  quite  i^ossible  that 
the  condition  is  secondary  to  the  implication  of  the  pneumogastric  and  to 
( the  passive  congestion  resulting  from  the  cardiac  dilatation  and  consequent 
I backAA'ard  blood-pressure. 

Symptoms. — The  onset  is  Available.  In  some  instances  the  pai-etic 
' symptoms  appear  suddenly  Avith  at  most  an  ill-defined  ])rodromal  stage, 

' lasting  one  or  tAvo  days,  during  Avhich  the  patient  is  able  to  perform  his 
' ordinary  AAmrk.  IVIore  commonly,  before  an  attack  of  beriberi  is  full}' 

I declared,  there  is  a premonitory  stage  of  longer  or  shorter  duration.  For 

seA'eral  days,  or  perhaps  Aveeks,  the  patient  feels  languid,  is  fatigued  and 
gets  out  of  breath  on  slight  exertion,  perhaps  has  palpitation,  is  depressed 
in  spirits,  and  has  feelings  of  numl)ness,  stiffness,  or  even  cramps  in  the 
legs,  Avhich  may  be  tottery  and  feeble.  Headache  is  not  uncommon. 
Tliere  ma)^  be  some  form  of  catarrhal  trouble,  rarely  diarrhoea,  more  often 
constipation  and  loss  of  appetite,  or  there  may  be  occasional  transient 
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flashes  of  fever,  or  what  seems  to  be  an  attack  of  malarial  fever.  On 
some  days  the  patient  may  feel  comparatively  well  and  fit  for  work, 
on  others  he  is  languid  and  lies  up.  He  may  notice  that  his  ankles  are 
slightly  oedematous,  and  perhaps  that  his  face  is  puflfy. 

With  or  without  such  a premonitorj’  stage,  symptoms  of  pro- 
nounced peripheral  neuritis  appear.  During  several  days  the  symptoms 
are  gradually  intensified.  Sometimes  the  patient,  who  had  gone  to  bed 
the  previous  evening  in  apparently  fair  health,  finds  on  waking  next 
morning  that  he  is  hardly  able  to  walk  or  even  to  stand ; his  shins 
and  finger-tips  are  numb,  his  calf-muscles  are  tender,  and  he  is  con- 
scious of  various  parsesthesiae — such  as  burning  and  tingling — in  feet, 
legs,  and  arms  ; the  ankles  and  shins  are  swollen,  and  the  hands  and  face 
puffy.  Slowly  or  rapidly  these  symptoms  become  moi’e  marked,  the  oedema 
becomes  general,  the  loss  of  power  in  the  legs  becomes  almost  complete, 
the  arms  weak,  and  the  hancl-grasp  enfeel)led.  Palpitation  and  breath- 
lessness, with  substernal  or  epigastric  distress,  or  it  may  be  tenderness  on 
pressure,  recur  in  paroxysms  at  longer  or  shorter  intervals,  and  the 
urine  may  be  reduced  to  a few  ounces.  This  condition  may  be  further 
aggravated  by  cramps  in  the  calf-muscle.s,  which  are  now  stiff,  full  and 
in  many  cases,  though  not  in  all,  exquisitely  tender  when  pressed  against 
the  bone.  Usually  the  knee-jerks  cannot  be  elicited  after  these  symptoms 
have  continued  for  a few  days  ; in  the  early  stages  they  may  be  increased, 
and  sometimes  remain  so  for  three  weeks  or,  rarely,  longer. 

In  this  state  of  oedema,  of  partial  paralysis,  of  muscular  hypermsthesia, 
of  cutaneous  anaesthesia  and  paraesthesia,  of  breathlessness,  of  palpitation, 
of  substernal  and  epigastric  distress  and  oppression,  the  patient  may 
remain  for  several  days,  weeks,  or  even  for  a month  or  two.  His  appetite 
may  or  may  not  be  materially  impaired  ; he  finds,  however,  that  indulgence 
in  a full  meal  increases  the  epigastric  distress,  and  so,  as  a rule,  he  eats 
somewhat  sparingly.  Digestion  is  fairly  well  pei’formed  and  the  bowels 
are  regular,  if  anything  inclined  to  constipation.  The  intellect  is  in  no 
way  disturbed,  and,  as  a rule,  there  is  no  fever.  He  converses  freely,  and 
when  not  troubled  with  cramps,  myalgic  pains,  palpitation,  or  dj’spnoea, 
his  state  is  by  no  means  uncomfortable.  After  a variable  period,  during 
which  he  has  ups  and  downs,  he  begins  to  pass  urine  more  freely,  and  at 
the  same  time  the  oedema  begins  to  subside.  In  severe  cases,  as  the 
oedema  disappears,  it  becomes  manifest  that  the  muscles  of  the  legs  and 
arms  have  undergone  marked  atrophy,  sometimes  to  such  an  extent  that 
the  whilom  muscular  coolie  is  reduced  almost  to  a skeleton.  He  lies  in 
his  bed  quite  unable  to  move,  or  he  may  just  be  able  to  creep  slowly 
about  with  the  aid  of  a stick,  or  by  clinging  to  the  furniture  and  walls 
for  support.  He  has  no  knee-jerk,  he  cannot  stand  with  his  eyes  shut, 
his  muscles  are  still  very  sensitive  to  pressure,  the  skin  over  the  shins 
and  the  finger-tips  is  still  numb,  he  buttons  his  clothes  with  difficulty, 
and  he  walks,  if  walk  he  can,  like  a patient  with  locomotor  ataxia.  lu 
siTch  cases  there  follows  a long  period  of  weeks  or  months  during  which 
the  muscles  are  slowly  restored,  the  hand-grasp  gradually  returns,  the 
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I ])o\ver  of  locomotion  slowly  improves,  last  of  all  the  knee-jerk  reappears, 
I hut  this  may  not  be  for  very  many  months,  perhaps  for  a year  or  longer. 

Such  is  a brief  description  of  an  uncomplicated  attack  of  beriberi.  There 
I is  a moderate  amount  of  oedema,  of  anaesthesia,  of  muscular  hyperaesthesia, 
I and  of  paresis.  There  are  occasional  attacks  of  palpitation  and  of  epi- 
' gastric  oppression.  After  a time,  as  the  mdema  subsides,  evidence  of 
I extensive  muscular  atrophy  is  disclosed,  and  during  a prolonged  con- 
I valescence  the  wasted  muscles  are  slowly  restored. 

But  this  description  by  no  means  applies  to  all  cases.  During  an 
epidemic,  and  constantly  in  the  endemic  regions,  every  imaginable  variety 
and  modification  of  the  essential  symptoms,  both  as  regards  intensity  and 
combination,  is  encountered.  In  one  case  the  dropsy  may  be  excessive, 
involving  the  trunk,  limbs,  and  face,  as  in  acute  nephritis.  Often  in 
such  a case  the  muscidar  paresis  is  really  but  slight,  the  principal 
hindrance  to  movement  being  the  dropsy  or  the  dyspnoea.  Again,  the 
brunt  of  the  disease  may  fall  on  the  muscles,  which  rapidly  waste ; the 
patient  in  a few  weeks,  with  scarcely  any  accompanying  mdema  or  but 
a mere  trace  over  the  tibiae,  may'  be  rapidly  reduced  to  a skeleton, 
paralysed  in  legs  and  arms,  perhaps  unable  to  move  hands  and  feet  or 
even  fingers  or  toes.  In  a third  case  the  more  urgent  and  striking 
symptoms  may  be  referable  to  implication  of  the  pneumogastric  and 
phrenic  nerves ; in  such  cardiac  oppression,  palpitation,  dyspnoea,  and 
substernal  pain  are  the  prominent  features. 

In  some  epidemics  the  vast  majority'  of  the  cases  are  of  a much 
!i  milder  type.  The  patient  may  be  walking  about.  The  oedema  may  be 
I slight  and  limited  to  the  lower  extremities  and  confined  to  the  anterior 
I tibial  region.  The  paresis  is  not  sufficiently  marked  to  produce  any 
I definite  modification  of  the  gait,  and  only  shews  itself  objectively  by  im- 
1 paired  power.  Cardiac  sy'mptoms  may  be  limited  to  increased  excitability' 
: of  the  cardiac  action  on  exertion.  This  class  of  case  appears  to  lie  more 
I common  now  than  formerly,  and  where  it  prevails  the  mortality  from  the 
disease  is  low — only  2 to  4 per  cent.  It  must  not  be  forgotten,  however, 
I that  even  in  these  cases  exacerbations,  with  severe  or  even  fatal  cardiac 
' complications,  may  occur  quite  suddenly  and  unexpectedly. 

A rarer  class  comprises  the  most  severe  and  fulminating  cases,  in 
which  the  pneumogastric  is  early  and  severely  implicated.  In  these, 
cardiac  oppression,  palpitation,  dyspnoea,  and  substernal  pain  are  the 
prominent  sy'mptoms,  and  death  may  occur  within  a few  hours  of  the  first 
definite  symptoms  of  the  disease. 

Between  these  main  classes  there  are  intermediate  forms,  and 
numerous  classifications  have  been  made  according  to  the  prominence  of 
one  or  other  symptom  of  the  disease.  One  of  the  most  variable  features 
is  the  amount  of  cedema.  Cases  in  which  the  pai’etic  symptoms  and 
muscular  wasting  are  marked,  and  the  oedema  slight  or  transient,  are 
often  described  as  “ dry,”  paralytic,  or  atrophic  beriberi  {beriberi  atrophica). 
In  other  instances  dropsy  is  the  prominent  feature,  and  may  be 
so  pronounced  as  to  simulate,  as  already  mentioned,  a case  of  acute 
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nephritis.  These  cases,  with  general  oedema,  are  known  as  ‘‘  wet  ” or 
“dropsical ” beriberi  {heriheri  hydrops).  In  the  later  stages,  when  the  dropsy 
has  disappeared,  such  cases,  since  they  now  shew  only  the  wasting,  appear 
to  be  “ dry  ” beribeii.  The  distinction  between  the  two  forms  is  arti- 
ficial, and  the  tei-ms  are  only  to  be  used  as  descriptive  and  not  as  imply- 
ing any  real  or  essential  difference.  Kapidly  fatal  cases  are  often  called 
“ pernicious,”  whilst  the  milder  forms  in  which  all  the  signs  are  slight  are 
sometimes  described  as  “ larval  ” or  “rudimentary.”  “Chronic,”  “acute,” 
“relapsing,”  or  “recurring”  are  also  used  as  descriptive  terms  in  the 
classifications  of  the  forms  in  which  the  disease  appears.  As  wdth  the 
expressions  “wet”  and  “dry”  beriberi,  these  terms  indicate  only  phases 
of  the  same  disease  and  not  different  diseases,  and  further,  it  must  be 
remembered  that  the  phases  indicated  are  not  sharply  defined  or  separable 
one  from  another.  Moreover,  any  one  form  may  rapidly  assume  the 
characters  of  another  form.  The  “wet”  may  change  into  the  “dry”  and 
vice  versa.  The  chronic  may  acquire  acute  chai’acters,  and  any  form 
may  rapidly  develop  pernicious  symptoms. 

Hamilton  Wright  has  laid  great  stress  on  the  essentially  secondary 
nature  of  the  nerve-lesions  responsible  for  the  group  of  varying  .symptoms 
hitherto  known  as  beriberi.  He  proposes  to  apply  the  term  “ post-beri- 
beric  residual  paralysis  or  neuritis  ” to  the  usual  clinical  form  of  beril)eri. 
The  precursory  disease,  acute  beriberi,  according  to  him,  comprises  the 
supposed  primary  lesion,  the  “ gastro-duodenitis  ” already  mentioned,  the 
formation  of  a toxin,  and  the  action  of  this  toxin  on  the  nerves. 

In  proceeding  with  a somewhat  more  detailed  account  of  the  symptoms 
of  beriberi,  we  note  first,  that  there  is  no  unquestionable  evidence  that 
any  of  the  higher  nerve-centres  are  ever  attacked.  The  mental  faculties 
are  not  markedly  affected  until  perhaps  the  patient  is  dying ; and  with 
very  rare  exceptions  there  is  no  implication  of  the  centres  or  nerves 
of  sight,  hearing,  smell,  or  taste ; nor,  with  the  exception  of  wasting  of 
the  subcutaneous  fat  in  certain  cases,  and  some  rare  forms  of  erythematous 
eruptions  in  others,  is  there  any  evidence  of  the  trophic  lesions  of  the 
integuments  that  are  usually  associated  with  spinal  disease.  Bed-sores, 
for  example,  occur  in  neglected  cases  only.  Scheube  records  a case  of 
what  may  have  been  a trophic  joint-lesion  ; but  such  cases  are  extremely 
I’are. 

The  lesions  of  beriberi  are,  all  of  them,  such  as  we  are  accustomed  to 
associate  with  secondary  disease  of  the  peripheral  nervous  system. 
Essentially  they  are  of  the  .same  class,  and  many  of  them  identical  with 
those  found  in  alcoholic,  diphthei’itic,  and  other  forms  of  peripheral  neuritis. 
Just  as  there  is  a tendency  for  each  of  these  specific  forms  of  neuritis 
to  display  a more  or  less  characteristic  grouping  of  symptoms  peculiar  to 
itself,  and  just  as  the  poison  of  each  of  these  diseases  shews  a predilection 
for  particular  groups  of  nerves,  so  beriberic  neuritis,  whilst  it  presents 
many  features  in  common  with  the  other  forms  of  peripheral  neuritis, 
presents  special  features  more  or  less  distinctive  and  peculiar  to  itself. 

Fever. — It  is  by  no  means  established  that  fever  is  in  any  way  an 
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I essential  feature  in  the  history  of  beriberi,  although  it  may  be  present 
, at  some  time  or  another  in  the  course  of  many  of  the  cases.  Occasionall}'^ 
t:  beriberi  supervenes  on  a malarial  attack,  or  develops  in  the  course  of  such 
i.  an  attack  ; at  other  times  malarial  fever  may  come  on  soon  or  long  after 
■■  well-marked  beriberi  is  established.  We  have  observed  in  cases  of 
1<J  beriberi,  shewing  these  intercurrent  attacks  of  fever,  that  the  symptoms 
) of  neuritis  were  aggravated  after  the  febrile  bouts.  In  chronic  cases 
there  is  no  fever,  or  only  as  a coincidence ; often  the  temperature  is 
subnormal,  as  it  certainly  is  in  all  cyanotic  or  moribund  cases. 

(Udema. — The  extreme  liability  to  oedema  is  one  of  the  j^eculiarities 
I of  berilieric  neuritis ; comparatively  rare  in  other  forms  of  peripheral 
I neuritis,  oedema  is  an  invariable  feature  in  every  well-marked  attack 
of  beriberi,  either  throughout  or  at  one  time  or  another.  It  always  com- 
► mences  in  the  lower  extremities,  usually  over  the  crest  or  inner  surface  of 
I the  tibia,  and  about  the  ankles.  It  may  be  trifling  in  extent  and  confined 
I to  these  regions  ; on  the  other  hand,  it  very  often  extends  to  the  dorsa  of 
I the  feet,  and,  spreading  upwards,  gradually  or  quickly  involves  thighs. 

I trunk,  face,  and  upper  extremities,  sometimes  attaining  an  extreme 
f degree.  Moderate  oedema,  besides  its  invariable  situation  on  the  shins,  is 
• usually  best  marked  about  the  flanks,  the  sacrum,  the  root  of  the  neck, 

I and  over  the  stei'iium.  The  degree  of  swelling  may  vary  from  day  to 
< day.  To  the  toiich  the  oedema  may  feel  firmer,  and  pit  less  readily  than 
t that  associated  with  kidney  disease.  It  also  differs  from  renal  and  cardiac 

■ cedema,  inasmuch  as  it  less  frequently  involves  the  genitals  to  a great 
extent.  A peculiar  form  of  localised  oedema  is  sometimes  met  with, 
especially  about  the  hands  and  arms  ; a limited  and  sharply  defined 
area  of  integument,  some  four  or  five  inches  or  more  in  diameter,  is 
pufled  out  to  a great  extent.  These  localised  swellings  may  develop  in 
the  course  of  a few  hours,  and  disappear  as  suddenly.  In  some  cases  the 
redema  precedes  by  a few  days  the  paresis  and  an<esthesia. 

Urine. — The  development  of  a high  degree  of  oedema  always  coincides 
with  a diminiition  in  the  quantity  and  with  a rise  in  the  specific  gravity 
of  the  urine.  But  the  increased  specific  gravity  is  not  proportionate  to 
the  diminished  amount.  The  total  solids  are  considerably  I)clow  normal ; 
i accoi’ding  to  Scheube  the  chlorides  are  proportionally  less  diminished  than 
I the  urea,  especially  when  there  are  extensive  serous  effusions.  When 
absor])tion  takes  place  the  urinary  solids  reappear  in  proportionately  larger 
I quantities.  According  to  the  same  authority  the  excretion  of  phosphates 

■ is  increased.  Biilz  states  that  there  is  excess  of  indican,  but  indicanuria 
is  so  common  in  the  tropics  that  no  importance  can  be  attached  to  this. 
Ur.  Durham,  who  has  confirmed  and  extended  these  observations,  sums  iq> 
to  the  effect  that  the  metabolism  in  beriberi  is  seriously  diminished,  and 
suggests  that  the  contributing  organs,  for  example  the  liver,  are  dis- 
turbed in  their  outjmt.  This,  he  points  out,  is  in  accordance  with  the 
fact  that  patients  may  complain  of  illness  before  the  onset  of  marked 
symptoms  or  of  the  involvement  of  the  peripheral  nerves.  The  urine  may 
be  reduced  to  a few  ounces,  and,  in  rare  instances,  there  is  complete  sup- 
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pression.  Although  it  occasionally  contains  albumin,  this  is  an  accidental 
and  not  a common  feature.  With  active  diuresis  the  ojdema  may  entirely 
disappear  in  a day  or  two. 

The  ancBsthesia  varies  in  extent  and  degree  Avithin  very  wide  limits, 
111  the  great  majority  of  cases  it  is,  like  the  cedema,  an  early  manifesta- 
tion, and,  as  a rule,  is  liest  marked  and  first  detected  over  the  front  and 
inner  aspect  of  the  legs.  In  mild,  and  sometimes  even  in  severe,  cases 
it  may  not  extend  further.  Usually,  however,  it  creeps  downwards  over 
the  dorsa  and  perhaps  the  soles  of  the  feet,  and  upivards  over  the  thighs, 
particularly  on  their  inner  and  anterior  surfaces,  sparing  the  groins, 
perineum,  and  genitals.  At  an  early  stage  it  appears  on  the  inner  sur- 
face of  the  Avrists,  the  backs  of  the  hands,  the  fingers,  finger-tips,  and 
palms,  attacking  them  in  the  order  stated.  It  may  creep  up  the  inner 
surface  and  back  of  the  arm  and  involve  the  elboAv.  In  many  cases  the 
skin  over  the  chest  and  abdomen  is  also  affected.  Observers  in  Japan 
agree  in  describing  a circle  of  anaesthesia  around  the  mouth,  and  this  has 
been  noted  elseAvhere.  The  anaesthesia  usually  amounts  merely  to  a 
blunting  of  sensibility  and  a delay  in  perception.  The  patient  Avhen 
touched  feels  as  if  a glove  or  piece  of  cloth  Avere  interposed.  On  being 
tested  Avith  an  aesthesiometer  the  tactile  areas  are  found  to  be  enlarged. 
In  rare  cases  the  anaesthesia  is  complete.  The  perception  of  chemical, 
electrical,  thermic,  and  painful  stimuli  is  also  diminished  and  delayed  in 
the  implicated  areas.  It  is  further  to  be  noted  that  the  patches  of 
anaesthesia  are  not  in  conformity  Avith  the  anatomical  distribution  of 
particular  nerves ; that,  though  usually  symmetrical,  the  anaesthesia  may 
in  rare  cases  be  limited  to  one  side  of  the  body ; that  in  certain  cases 
the  finger-tips  are  the  parts  first  or  most  inA’olved ; that  the  degree  of 
anaesthesia  varies  from  time  to  time  in  the  same  case  ; that  it  is  most 
marked  in  atrophic  beriberi ; and  that  its  degree  and  extent  are  not 
always  proportional  to  the  gravity  of  the  case.  Ilypercesthesia  of  the 
skin  has  been  noted  (Scheixbe) ; it  is  a very  unusual  condition.  Parres- 
thesias  — such  as  bui’uing,  pricking,  formication,  gnaAving,  darting  pains, 
coldness,  a feeling  as  if  the  affected  part  AA^ere  SAvollen — may  precede  or 
accompany  the  other  symptoms  and  prove  very  distressing. 

Paresis  to  a greater  or  less  extent  ahvays  affects  the  muscles  of  the 
legs,  and  very  often  of  the  arms  and  hands ; less  frequently  those  of  the 
trunk  and  face ; very  rarely  those  of  the  eye ; and  still  more  rarely  the 
sterno-mastoid,  the  trapezius,  and  the  muscles  of  mastication  and  degluti- 
tion. As  a rule,  the  muscles  supplied  by  the  peroneal  and  anterior 
tibial  nerves  are  first  affected,  then — and  for  the  most  part  in  the  order 
mentioned — those  of  the  calf,  the  extensors  of  the  knee,  the  glutei,  the 
fiexors  of  the  knee,  the  adductors  and  flexors  of  the  thigh.  Coincidently 
Avith  the  appearance  of  paresis  in  the  thigh,  the  muscles  of  the  forearms 
and  arms  are  attacked,  including  the  extensors  of  the  AATist  and  fingers, 
the  supinator  longus,  the  triceps,  the  flexors,  and  the  small  muscles  of 
the  hands  and  fingers.  Then  the  abdominal  muscles,  the  pectorals,  the 
intercostals,  the  laryngeal  muscles,  and  the  diaphragm  may  all,  one 
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wfter  another,  become  aftected.  The  heart,  too,  as  sliewn  by  subjective 
’ ymptoms,  is  very  generally  more  or  less  implicated,  and  careful  examina- 
■ion  has  invariably  shewn  that  the  muscular  structure  of  this  organ  is 
riftected.  The  power  of  locomotion  is  impaired  in  due  relation  to  the 
: legree  of  paresis.  In  mild  beriberi  the  patient  can  walk  Avith  or  Avith- 
)Ut  the  aid  of  a stick ; the  legs  may  feel  a little  Aveak  and  tottery,  but 
■ he  hands  and  arms  are  hardly  affected,  and  the  patient  can,  therefore, 
'('-..teady  himself  Avith  a stick  or  in  other  ways.  Generally  the  hand- 
4p'asp  and  finger- poAver  are  decidedly  impaired.  In  cases  of  greater 
^severity,  not  only  is  locomotion  impossible,  but  practically  all  move- 
'jinents  are  in  abeyance,  except  perhaps  those  of  facial  expression  and  the 
I movements  of  the  eyes,  and  those  associated  Avith  speech,  mastication, 

• leglutition,  and  respiration.  Not  only  may  the  paralysis  of  the  limbs  be 
iiomplete,  but  that  of  the  trunk  may  be  equally  marked.  In  such  a case 
coughing  is  hardly  possible,  OAving  to  the  paralysis  of  the  laryngeal  muscles 
md  those  of  forced  expiration  ; speech  may  be  reduced  to  a AvhisiAer ; 
n all  such  cases  the  feet  fall  into  the  equino-A'arus  position  in  line  Avith 
^he  legs,  and  the  hands  drop  at  the  Avrists.  The  patient  may  be  entirely 
ncapable  of  the  slightest  movement,  so  that,  atrophied  and  helpless,  he 
ies  flat  on  his  back  in  bed,  and  is  entirely  dependent  on  others  even  for 

whe  placing  of  food  in  his  mouth. 

I Though  many  writers  allude  to  the  gait  in  beriberi  as  quite  charac- 
^;eristic,  it  has  no  features  so  special  that  it  can  be  distinguished  from 
bhat  of  similar  forms  of  peripheral  neuritis.  In  AAmlking,  the  toes  are 
ppt,  from  paralysis  of  the  flexors  of  the  foot,  to  brush  the  ground  Avhen 
any  attempt  is  made  to  raise  and  advance  the  foot.  This  is  extremely 
common  in  the  milder  forms  of  the  disease.  In  more  severe  cases,  in 
which  the  extensors  of  the  foot  as  Avell  as  the  flexors  of  the  leg  and 
.rthigh  are  also  involved,  the  heel  can  no  longer  be  raised.  Consequently 
progression,  if  still  possible,  degenerates  into  a sort  of  shuffle,  and  is 
rather  a SAA-ing  forAvards  of  one  side  of  the  body  Avith  the  correspond- 
ling  leg,  first  of  one  side  then  of  the  other,  than  a walk.  In  bad  cases 
.'the  patients  have  recourse  to  various  contriA’ances  to  facilitate  locomo- 
ftion.  As  already  mentioned,  some  help  themselves  along  by  clinging  to 
lithe  furniture ; others — their  legs  Avell  apart — lean  Avith  both  hands 
' on  a stout  stick  Avhich  is  thrust  out  in  front  of  them,  and  toAvards 
- Avhich  they  drag  themselves  Avhilst  leaning  their  AA^eight  on  it ; some 
patients  still  retaining  considerable  poAver  in  their  arms,  but  completely 
paralysed  in  their  legs  and  quite  unable  to  stand,  by  placing  their  hands 
on  the  ground  behind  them  and  sitting  half  up,  contrive  to  push  themselves 

• along  in  this  attitude. 

FeAv  beriboric  patients  can  stand  for  any  length  of  time  Avith  eyes 
shut  or  eA^en  Avith  feet  closely  approximated,  and,  like  an  ataxic  patient, 
they  SAA%ay  and  avouM  fall  if  unsupported.  Doubtless  imperfect  perception 
of  the  ground,  as  Avell  as  muscular  Aveakness,  play  some  part  in  this  ; very 
probably  there  is  often  an  additional  element  of  inco-ordination  superadded. 
The  hands  and  arms  exhibit  similar  muscular  incapacity,  though,  as  a 
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rule,  in  a i-elatively  slighter  degree.  Thus  the  weakening  of  the  finger 
muscles,  together  with  the  blunting  of  sensation  in  the  finger-tips  and 
slight  inco-ordination,  may  render  buttoning  and  unbuttoning  of  the 
clothes  difficult  or  even  impossible,  while  writing  and  other  delicate 
movements  may  be  out  of  the  question.  When  the  abdominal  and 
perineal  muscles  are  seriously  implicated,  any  attempt  to  cough  results 
in  the  unsupiDorted  diaphragm  being  forced  down  and  projection  of  the 
anterior  abdominal  wall,  the  perineum  being  manifestly  bulged  down- 
wards at  the  same  time.  In  such  circumstances  it  is  ob-\'ious  that 
defecation  and  micturition  may  be  seriously  interfered  with,  although 
the  sphincters  are  not  affected.  During  recovery  there  is  sometimes  a 
spastic-like  movement  of  the  muscles— particularly  of  the  legs.  Occasion- 
ally, as  a sequel  of  the  muscular  degeneration,  permanent  weakening  of 
the  foot  flexors  occurs ; and,  as  a result  of  a consequent  contraction  of 
the  gastrocnemii,  even  organic  and  permanent  retraction  of  the  heels  may 
result. 

Ihjpercesthesia  of  the  affected  muscles  is  always  present,  sometimes 
in  a very  marked  degree,  so  that  squeezing  or  pressure  against  underly- 
ing bone  is  painful,  and  may  be  so  severe  as  to  make  the  patient  cry  out, 
or  be  quite  unbearable.  This  symptom,  Avhich  is  most  easily  elicited  in  the 
gastrocnemii,  the  thenar  muscles,  and  in  those  of  the  thigh  and  forearm, 
is  of  great  practical  use  in  diagnosis. 

Cramps  sometimes  occur,  especially  at  the  outset,  and  may  come  on 
spontaneously  at  any^  time,  but  are  most  frequent  during  the  night  or  on 
movement.  In  rare  instances  the  muscles  may  be  thrown  into  a state  of 
tetanic  contraction ; a convulsive  form  of  beriberi  has  been  described,  and 
opisthotonos  has  also  been  observed. 

Atropluj,  as  a rule,  rapidly  supervenes  in  the  paretic,  hypermsthetic, 
and  flaccid  muscles,  and  is  generally  very  evident  on  the  subsidence 
of  the  oedema  in  hydropic  beriberi,  and  almost  from  the  outset  in 
the  atrophic  form.  The  Avasting  is  often  extreme,  and  restoration  is 
but  sloAvly  effected,  many  months  elapsing  before  the  process  is  com- 
plete. Occasionally  one  or  more  muscles  are  permanently  atrophied. 

Swelling  of  the  muscles  has  sometimes  been  observed ; in  these  cases 
the  bellies  and  outlines  of  the  muscles  are  prominent,  and  the  patient, 
though  excessiA'ely  feeble,  may  haAm  the  appearance  of  an  athlete.  This 
condition  appears,  in  most  instances,  to  depend  on  oedema  of  the  con- 
nective tissue  of  the  muscles ; in  a fcAv  cases,  possibly  on  Amscular  con- 
gestion. Circumscribed  SAvellings  ai-e  not  infrequent  in  some  of  the 
muscles,  particularly  in  the  inner  belly  of  the  gastrocnemii,  but  their 
exact  nature  has  not  been  detcrminefl. 

The  reaction  of  degeneration  can  be  demonstrated  throughout  the 
disease  j according  to  Pekelharing  and  Winkler  changes  in  the  electrical 
reactions  can  be  found  eA^en  before  the  onset  of  any  other  symptoms  of 
impending  beriberi.  Tenderness  of  superficial  nerve  - trnnks  can  some- 
times be  elicited.  The  hiec-jerh  is  almost  ahvays  altered  ; in  early  cases 
it  is  fi’equently  exaggerated,  but  ultimately,  Avith  rare  exceptions,  it  is 
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•)St.  The  suferjkhd  reflexes  are  usually  preserved,  but  in  high  degrees  of 

i trophic  beriberi  they  are  also  for  a time  abolished. 

Intiammatory  swelling  of  the  lymphatic  glands  of  the  groin,  according 
o Scheube  and  others,  occasionally  occurs.  Bentley  states  that  con- 
xstion  of  the  fauces,  sometimes  \’eiy  intense,  is  almost  invariably  present ; 
1 some  epidemics  in  Malaya  this  condition  was  the  rule,  in  others  it 

I:.-as  rarely,  if  ever,  seen.  Farali/sis  of  the  soft  palate  has  been  observed. 

The  Wood  is  said  to  be  defective  in  alkalinity ; but  this  statement, 
j'.ke  manv  others  regarding  the  chemical  alteration  in  the  blood,  must  be 
eceived  with  caution.  Many  careful  and  reliable  estimations  of  the 
orpuscular  richness  and  of  the  lu^moglobin  of  the  blood  have  been 
laade  ; the  opinion  of  all  the  later  observers  is  that,  although  beril)eri 
aay  be  accompanied  by  aneemia,  in  a large  proportion  of  the  cases  the 
•orpuscular  richness  of  the  blood  is  perfectly  normal.  As  a cause  of 
■luemia  the  poison  of  beriberi  is  much  weaker  than  that  of  malaria  or 
I veil  of  rheumatism. 

The  pulse,  usually  accelerated,  is  exceedingly  sensitive  to  exertion, 
•veil  to  change  of  posture.  Scheube  remarks  that  in  bad  cases  slowing 
ttf  the  pulse  may  occur  before  death,  and  gives  two  examples,  in  one  of 
vhich  the  pulse  fell  in  five  days  from  120  to  54,  in  the  other  from  104 
'0  20.  The  finger  and  sphygmogi’aph  shew  low  arterial  blood-pressure 
.11(1  diminished  cardiac  power. 

Cardiac  murmurs,  usually  systolic,  are  present  in  a large  proportion 
i>f  cases ; occasionally  there  is  accentuation,  very  often  reduplication,  of 
he  sounds.  Pulsations  in  the  veins  of  the  neck  is  also  common,  and 
s probably  the  result  of  tricuspid  insufficiency  from  dilatation  of  the 
•ight  ventricle.  Epigastric  pulsation  is  common.  Palpitation  is 
)ften  the  most  troublesome  of  all  the  symptoms.  It  is  provoked 

oy  exercise,  by  eating,  sometimes  even  by  rising  up  in  bed,  and 
■iccasionally  is  persistent.  It  is  usually  worst  at  night  or  in  the  morning, 
ind  is  often  accompanied  by  intense  dyspnoea.  Cardiac  oppression  is 
)ften  a very  urgent  subjective  phenomenon,  <uid  may  occur  independently 
)f  palpitation.  Frequently  also  there  is  a feeling  of  fulness  amounting 
',0  pain  in  the  region  of  the  stomach  ; this  is  possibly  connected  with 
the  state  of  the  heart  or  with  some  condition  of  the  diaphragm.  Dilata- 
cion  of  the  heart  to  the  right,  as  shewn  by  percussion  and  diffusion  of 
impulse,  is  often  very  evident,  and  may  be  associated  with  extreme 
'lyspnoea,  cyanosis,  and  other  indications  of  failing  cardiac  poAver. 

limiting,  unconnected  with  digestion,  and  aphonia  indicate  implica- 
cion  of  the  pneumogastric,  and  should  always,  particularly  the  former 
symptom,  be  regarded  as  of  grave  import.  Diaphragmatic  and  inter- 
} '0stal  paralysis  is  not  uncommon. 

’ Serous  effusion  into  the  pericardium  is  by  no  means  rare,  but  is 
Iseldom  so  extensive  as  to  be  in  itself  a source  of  danger.  Hydrothorax 
.also  occurs,  but  it  is  very  seldom  that  it  is  sufficiently  large  to  give  rise 
1 to  grave  symptoms ; in  fact  this  result  is  even  rarer  than  in  the  case  of 
liA’dropericardium.  Ascites,  to  a notable  extent,  is  rarer  than  either. 
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(Edema  of  the  lungs  is  veiy  apt  to  occur  in  the  hydropic  form  of  beri- 
beri, and  is  frequently  the  immediate  cause  of  death.  Its  onset  is 
shewn  by  increasing  dyspncea  accompanied  by  cough  and  frothy  ex- 
pectoration, and,  if  the  patient  live  long  enough,  by  fine  moist  crepita- 
tions. 

Digestion  is  usually  feeble  and  the  stomach  dilated.  A full  meal 
may  cause  distress  from  pressure  of  the  distended  stomach  on  the  weakened 
heart ; it  is  probably  for  this  reason  that  rice  and  other  bulky  foods  are 
ill-borne  in  beriberi.  Diarrluea  sometimes  occurs  at  the  outset,  but  more 
commonly  there  is  constipation  ; in  the  later  stage  of  hydropic  beriberi 
constipation  is  often  a marked  feature. 

Mode  of  Death  in  Beriberi. — In  the  progre.ss  of  a case  of  beriberi,  no 
matter  how  trifling  it  may  appear,  symptoms  indicating  great  danger 
may  set  in  suddenly  and  at  any  moment.  This  may  be  within  a day  or 
two  of  the  commencement  of  the  attack,  or  it  may  not  be  for  one,  two, 
or  more  months.  The  threatening  symptoms,  for  the  most  part,  appear 
to  depend  on  extension  of  disease  to  the  pneumogastric  or  phrenic 
nerves,  on  the  occurrence  of  oedema  of  the  lungs,  on  the  development  of 
extensive  hydropericardium,  or,  it  may  be,  on  a combination  of  two  or 
more  of  these  conditions.  In  the  great  majority  of  cases  the  prin- 
cipal factor  in  the  fatal  event  is  the  paretic  condition  of  the  heart; 
when  this  is  marked,  a very  slight  increase  of  other'  unfaA'ourahle 
conditions  may  turn  the  scale  and  bring  about  fatal  over-distension.  In 
rare  cases  death  may  occur  from  sudden  syncope ; usualljq  however,  it 
is  the  result  of  the  slower  process  of  dilatation.  As  this  ad\-ances,  the 
patient  is  seized  from  time  to  time  with  agonising  dyspnoea ; he  sits  up 
in  bed  and  struggles  for  breath,  his  face  is  cyanosed,  his  eyeballs  start 
out  of  his  head,  and  his  cervical  vessels  pulsate  visibly.  The  heart’s 
action  is  excited,  lalrouring,  and  at  the  same  time  ineflicient ; the 
impulse  is  difl'used,  and  is  communicated  to  the  epigastrium.  Percussion 
shews  that  the  right  auricle  and  ventricle  are  dilated,  and  loud  murmurs 
indicate  that  the  valves  are  incompetent.  Concurrently  Avith  this  the 
pulse  becomes  small,  feeble,  and  flickering ; the  extremities  become  blue 
and  cold,  the  temperature  falls,  cyanosis  deepens,  the  patient  becomes 
unconscious,  and  after  a short  time  dies.  If  he  recover  from  one  such 
attack,  another  and  more  severe  one  Avill  probably  supervene  in  a short 
time ; and  sooner  or  later  one  of  these  attacks  proves  fatal. 

Mortality. — The  published  returns  from  various  places  sheAV  an 
enormous  variation  in  the  mortalit}^  This  variation  is  due  in  part  to 
the  frequency  of  different  complications,  dysentery  and  the  like.  In 
Imriberi  uncomplicated  by  other  disease  there  is  still  great  variation ; in 
some  outbreaks  it  has  been  as  high  as  40  per  cent.  The  prison  returns 
are  the  most  reliable  guide  to  the  case -mortality  in  uncomplicated  beri- 
beri. In  the  Malay  Peninsula  this  seems  to  be  less  now  than  formerly, 
amounting  only  to  al)Out  2 to  6 per  cent ; Avhile  in  the  earlier  records  10  to 
15  per  cent,  or  even  more,  was  not  uncommon.  The  general  tendency 
in  all  places  has  been  to  a similar  reduction  in  the  case -mortality. 
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Although  the  death-rate  may  be  high  at  the  commencement  of  epidemic 
outbreaks,  it  becomes  much  lower  later  on.  Hospital  statistics  are 
of  little  value  as  to  the  true  mortality,  since  they  refer  to  cases  of 
• beriberi,  many  of  which  are  complicated  by  other  diseases,  and  it  then 
becomes  a matter  of  personal  judgment  whether  the  deaths  are  returned 
■ under  the  heading  of  beriljeri  or  of  the  associated  disease. 

In  the  Japanese  Kavy  the  case -mortality  in  beriberi  was  given  as 
: 1 in  40  (1878-1884),  whilst  in  Christmas  Island  in  1905  it  Avas  less 
1 than  2 per  cent.  Speaking  generally,  an  outltreak  with  a mortality  of 
I. under  5 per  cent  is  exceptionally  Ioav,  and  one  over  10  per  cent 
rexceptionally  high.  The  more  numerous  the  markedly  hydropic  forms, 
fthe  greater  the  moitality. 

Sequels. — As  can  be  readily  understood,  serious  deformity  may 
result  from  imperfect  restoration  of  mtiscles  after  an  attack  of  beriberi. 
'Acquired  talipes  eeptinus  is  not  uncommon  in  countries  Avhere  beriberi  is 
rife,  and  in  many  instances  is  probably  consequent  on  this  disease. 
Dilatation  and  hypertrophy  of  the  heart,  permanent  c<ardiac  murmurs, 
muscular  feebleness  of  legs  and  arms,  circumscribed  anaesthetic  patches 
on  the  skin,  and  liability  to  a'dema  of  the  feet  and  ankles,  have  also 
been  enumerated  among  the  sequels. 

In  the  great  majority  of  cases  complete  recovery  occurs.  Even  the 
reflexes  become  normal.  This  may  be  delayed  for  years,  but  out  of 
forty-seven  cases  recorded  by  Travers,  they  were  present  in  forty-one  in  a 
year  or  less  after  the  attack  of  beriberi. 

Relapses  and  recrudescences  are  frequent.  Various  estimates  have 
been  made  as  to  their  frequency.  In  a country  or  institution  where 
beril)eri  is  endemic  a lai-ge  pi'ojjortion  of  persons  admitted  to  hospital 
for  this  disease  give  a history  of  a previous  attack,  and  as  long  as 
the  disease  remains  endemic  in  an  institution  “ relapsed  ” cases  are 
frequent.  A large  proportion  of  these  cases  are  probabl}'  reinfections 
land  essentially  fresh  attacks.  In  hosjjitals  in  England,  such  as  the 
^Seamen’s  Hospitals  in  London,  where  the  conditions  are  not  favoui'able 

■ to  reinfection,  cases  admitted  in  various  stages  run  a fairly  steady  course 
>Avith  only  slight  fluctuations,  and  seiious  recrudescences  do  not  take  place 
'.during  convalescence.  In  the  Kwala  Lumpur  Prison,  Dlalay  States, 
iduring  a ^leriod  of  seven  months,  in  which  no  cases  originated  in,  or  were 

I admitted  to,  the  gaol,  no  relapses  took  place,  though  there  was  a large 
i|  number  of  ])risoners  in  the  gaol  who  had  had  beriberi  during  the  previous 
t two  years.  This  Avas  in  marked  contrast  Avith  the  previous  six  months, 
AA'hen  some  107  fresh  cases  originated  in  the  .same  lu'ison,  and  no  less  than 
311  relapses  occurred.  It  is  impossible,  therefore,  to  aA'oid  the  conclu- 
sion that  many  of  the  so-called  rela{)ses  are  in  reality  fresh  attacks,  dius 
to  the  same  conditions  that  caused  the  original  attacks.  True  relapses 
do  occur,  and  may  be  repeated  even  Avhen  such  conditions  are  not 
present,  but  they  are  not  common.  Thus  in  the  Taiping  I’rison,  in  the 
period  betAveen  September  1897  and  June  1899,  there  Avei-e  no  admis- 

■ sions  Avith  beriberi,  and  no  fresh  cases  occurred  in  the  prison,  but  one  man 
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who  had  had  the  disease  previously  suffered  three  relapses,  in  March, 
duly,  and  August  1898  respectively. 

It  appears  that  persons  who  have  had  beriberi  previously  are  more 
liable  to  acquire  the  disease  again,  rather  than  that  true  relapses  are 
frequent.  In  persons  who  have  had  severe  attacks  with  incomplete 
recovery,  slight  increase  in  the  residual  symptoms  is  not  uncommon. 
Slight  causes,  such  as  overwork,  e.xposure  to  wet  and  cold,  or  inter- 
current disease,  may  result  in  marked  increase  of  the  existing  symptoms, 
just  as  in  other  forms  of  peripheral  neuritis. 

Diagnosis. — An  epidemic  of  beriberi  presents  no  difficulties.  The 
distribution  of  the  nerve-lesions,  the  absence  of  cutaneous  eruptions  and 
of  the  other  characteristic  symptoms  of  arsenical  poisoning,  distinguisli 
the  disease  from  arsenical  neuritis,  the  only  other  knoAvn  form  of 
peripheral  neuritis  that  would  affect  at  once  a large  number  of  people. 
Epidemic  peripheral  neuritis  probably  means  beriberi.  Isolated  cases 
present  more  difficulty.  The  diagnosis  must  be  made  from  all  other 
forms  of  peripheral  neuritis,  and  in  some  cases  this  may  be  impossil)le. 
In  the  early  stage  of  the  hydropic  form,  and  very  rarely  during  the 
entire  course  of  the  attack,  it  sometimes  happens  that  distinct  symptoms 
of  peripheral  neuritis  do  not  declare  themselves ; for  a time  there  may 
lie  no  marked  anmsthesia  of  the  skin,  no  muscular  hyper£esthesia,  the 
knee-jerks  may  be  present  or  even  exaggerated,  and  oedema  may  be  the 
only  manifestation.  But  in  the  presence  of  an  epidemic  of  beriberi,  the 
rapid  development  of  oedema,  without  albuminuria  or  other  manifest 
cause,  points  to  this  disease.  Any  doubt  is  usually  dispelled  in  a very 
few  days  by  the  appearance  of  the  usual  signs  of  peripheral  neuritis. 

The  occurrence  of  malarial  neuritis  at  all  resemblins:  beriberi  is  verv 

O 

rare,  and  in  the  cases  that  appear  to  be  of  this  nature  there  are  usually 
mental  disturbances,  especially  loss  of  memory.  In  alcoholic  neuritis 
mdema  is  not  nearly  so  common  nor  so  extensive  as  in  beriberi ; this 
consideration,  together  with  the  tremor,  gastric  catarrh,  mental  con- 
dition and,  above  all,  the  history  of  driidcing,  should  lead  to  a correct 
diagnosis.  It  is  highly  probable  that  in  beriberi  districts  cases  of  double, 
or  even  triple  nerve  - poisoning  from  beriberi,  malaria,  and  alcohol 
occasionally  occiu’. 

In  some  countries  'post-dysenteric  neuritis  is  not  very  uncommon ; it 
resembles  beriberi  in  the  presence  of  firm,  hard  oedema,  but  the  changes 
are  limited  to  the  lower  extremities,  the  upper  extremities  and  the  heart 
not  being  affected.  These  manifestations  follow  an  attack  of  dysentery 
so  closely  that  their  connexion  with  that  disease  will  at  once  be 
suspected. 

A paralytic  affection  called  lathyrism,  resulting  from  the  use  of  a dal 
prepared  from  a lentil — Lathynis  sativus — prevails  extensively  in  Upper 
and  Central  India,  especially  near  Allahabad  and  in  Upper  Sind : it  is 
also  found  in  Algeria.  From  beriberi  it  is  easily  diagnosed,  as  it  is  a 
spastic  paralysis,  evidently  of  spinal  origin,  affecting  the  lower  limbs 
only,  and  associated  from  the  outset  with  bladdei’-symptoms,  as  well  as 
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with  exaggerated  knee-jerks.  Dropsy,  cardiac  symptoms,  amesthesia, 
I and  disturbance  of  the  electrical  reaction  of  the  muscles  are  absent 
(tVf/r  “Lathyrism,”  Vol.  II.  pt.  i.  p.  898). 

'Ihe  ledema,  muscular  pains,  and  tenderness  of  trichinosis  nnght 
suggest  beriberi,  more  particidarly  as  both  diseases  are  apt  to  occiu-  in 
limited  epidemics.  But  the  .seat  of  the  pains  in  trichinosis,  principall}’ 
in  the  muscles  of  the  trunk,  head,  and  neck ; the  violent  gastro-intestinal 
. disturbance  preceding  the  muscular  pains ; the  .well-marked  fever ; the 
early  tedema  umler  the  eyes  and  in  the  face  ; the  absence  of  true  paresis ; 
the  implication  of  the  muscles  of  the  eyes,  face,  and  neck ; the  absence 
I of  tedema  on  the  front  of  the  shins,  of  anaesthesia,  of  heart  trouble ; and 
; the  circumstances  in  which  the  malady  occurs,  should  make  diagnosis 
ea.s\'  enough. 

Besides  the  evidence  afforded  by  the  microscopical  examination  of 
the  stools,  anhi/losfomiasis  may  be  distinguished  from  beriberi  by  the 
intense  anaemia,  the  gastric  symptoms,  and  the  com])lete  absence  of  any 
evidence  of  neuritis. 

Malingerhuj  and  hysterical  mimesis  are  readily  detected  by  an  examina- 
tion of  the  knee-jerks,  by  the  electrical  reaction  of  the  muscles,  and  by 
the  absence  of  wdema,  cardiac  irregularities  and  nmrmurs. 

It  should,  however,  be  Tioted  that  groups  of  cases  of  periphei'al 
neuritis  occasionally  occur  which  in  certain  important  points,  such  as 
persistence  of  knee-jerks,  difier  from  beriberi  as  ordinarily  met  with.  The 
same  may  be  said  of  the  other  ]3rominent  symptom  of  beriberi,  namely, 
ledema.  It  is  possible  that  such  outbreaks  arc  a distinct  disease,  and 
that  other  foimis  of  peripheral  neuritis  of  unknown  origin  are  sometimes 
mistaken  for  beriberi. 

Treatment. — No  specific  treatment  is  known.  Since  repeated  re- 
I infection  or  absorption  of  the  poison  appears  to  be  possible,  the  patient 
'i  should  be  removed  to  a part  of  the  building  where  no  new  cases 
I originate,  or,  better,  to  some  place  at  a distance  where  beriberi  is  not 
1 endemic. 

While  the  symptoms  are  acute  or  progressive  the  patient  must 
I be  kept  in  bed,  and  not  allowed  to  sit  up  or  make  the  slightest 
' exertion.  While  the  diet  shonld  be  liberal  and  varied,  bulky  foods, 
such  as  rice,  should  be  avoided,  on  account  of  the  danger  resulting 
from  gastric  dilatation  and  its  effect  on  cardiac  action.  For  the  same 
reason  food  and  drink  should  be  given  in  small  quantities  at  a 
time,  though  the  total  amount  may  be  liberal.  Constipation  should 
be  obviated;  benefit  accrues  from  the  administration  of  small  lait 
frequent  doses  of  salines,  such  as  the  sulphates  of  magnesia  or  soda.  In 
the  presence  of  failing  heart,  cardiac  tonics,  such  as  strychnine  and 
digitalis,  should  be  administered.  Cardiac  failure  and  over-distension  ot 
the  right  ventricle  are  the  two  main  dangers,  and  grave  sym2:>toms 
resulting  from  this  condition  may  appear  suddenly,  even  in  cases 
apparently  progressing  favouraldy.  In  such  cases  the  symptoms  are 
urgent,  and  full  doses  of  nitrite  of  amyl,  5 minims — by  inhalation — or 
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nitroglycerin,  of  a grain,  or  liquor  trinitrini,  1 minim  as  a hypo- 

dermic injection,  should  be  at  once  administered,  and  repeated  as 
required.  An  energetic  cathartic,  such  as  croton  oil  or  elateimuii, 
should  also  be  given.  As  these  cardiac  crises  occur  without  any 
warning,  all  the  necessary  apjdiances  should  be  kept  ready  by  the 
bedside,  and  the  attendant  fully  instructed  how  to  treat  the  attack. 
When  death  appears  to  be  imminent,  venesection  will  give  relief,  and 
should,  therefoi-e,  be  cajrried  out,  as  it  allows  time  for  other  measures 
to  take  effect ; it,  however,  has  usually  to  be  repeated.  Hydrothorax, 
or  h}ulropericardium,  if  excessive,  must  be  relieved  by  aspiration. 
When  the  paralysis  is  marked,  gi’eat  care  should  be  exercised  by 
means  of  2)assive  movements  to  jjrevent  contractures  and  fixation 
of  the  joints.  The  bed-clothes  should  be  sujjjjorted  by  a cradle,  as 
their  jDressure  maintains  the  i:>osition  of  foot-droj).  Sjffints — preferably 
anterior  sjfiints — may  be  used  to  jirevent  the  condition  becoming  per- 
manent. Bed-sores  only'  oceur  as  the  result  of  gross  neglect. 

Wlien  the  acute  sym^Jtoms  have  subsided,  and  danger  of  cardiac 
failure  has  jxissed,  graduated  exercises  are  of  great  value.  Massage  and 
faradisation  should  be  emjiloyed  in  such  cases  when  the  muscular 
tenderness  has  materially'  decreased.  The  diet  should  be  liberal ; change 
of  scene  and  residence  exjoedites  comj)lete  recovery.  In  view  of  the 
liability  to  second  and  third  attacks,  return  to  a eountry  or  jfface  where 
beriberi  occurs  should,  when  jiossible,  be  }irohibited. 

Prevention  of  Epidemics. — Provision  of  diy,  Avell-ventilated  quartei-s, 
whether  in  }irisons,  shijis,  or  coolie-lines,  apjjears  to  exercise  sqine 
deterrent  effect.  A liberal  dietary  also  2>lays  some  part  in  2)reventing 
and  checking  an  ejiidemic. 

Overcrowding  must  l)e  avoided.  In  view  of  the  manner  in  which  the 
disease  s^ireads  in  an  institution,  everv  2)recaution  must  be  taken  to  ])revcnt 
any  })ossibility  of  infection  by  clothes,  blankets,  bedding,  sleeping-bnnks, 
or  cells,  as  it  aj)[)ears  to  be  by'  these  rather  than  by  immediate  contact 
that  the  disease  is  spread.  The  disinfection  thus  emi)loy'cd  should 
ensure  the  destruction  of  vermin.  The  earliest  stages  of  the  disease 
a^ipear  to  be  the  most  infective — if  the  disease  be  infective — and  new- 
comers should  l>e  kept  sejoarate,  as  far  as  possible,  till  it  is  known  whether 
they  are  the  subjects  of  beriberi  or  not. 

Patrick  Man  son. 

C.  AV.  Daniels. 

REFERENCES 

1.  AndeiisON,  tv.  Lectures  on  Kakkc,  Yokohama,  1879  ; St.  Thomas's  Hasp.  U(p- 
vols.  vii.  and  viii.— 2.  Bentj.ey.  On  Beriberi.  Edinburgli  and  London,  lS9;i.— 3. 
Hii.uiDON,  tv.  L.  The  Cause  and  1‘rcvcntion  of  Beriberi.  Publi.shed  by'  tlic  Fed. 
Malay  Status  Oovornnient,  190.1.— 4.  Caiiteii.  Trans.  Bomhay  .Med.  and  Bhys.  Soc. 
No.  8,  1847. — 5.  l)ANiEi..s,  C.  tV.  Studies,  Institute  Med.  B<'search  Fed.  Malay  States, 
vol.  iii.  ])ait  1 and  vol.  iv.  ])art  1,  1904  and  190.1. — 6.  D.widson.  Hygiene  and 
T)Jsea.ses  of  IVarm.  Climates.  Edinlinrgli  and  London,  1893. — 7.  Daxc;ki!FIK1.ii,  H. 
V.  Le  Beriberi,  190.1.— 8.  Duiiiiam,  IL  E.  Journ.  Hyg.  Jan.  1904  and  Brit.  Med. 
Journ.  1904,  vol.  i.  )i.  480.-9.  Em.i.s,  A.  Znwcfg' 1898,  vol.  ii.— 10.  lliusi  ii. 
Geograph,  and  Hist.  Bath.  vol.  ii.  New  Sydenbam  Soc. — 11.  HuxTEit,  tV.,  ami 


BERIBERI 


643 


i Koch,  M . \ . H.  A Ihscarch  into  the  Etiology  of  Beriberi.  llong-Koiig.—  12.  Lk.vsk. 
I Mai.  Rep.  Straits  Settlements,  Singapore  (!uol,  1898-1905. — 13.  il.\Lcoi..M.soN. 
I Htstonj  and  Treatment  of  Beriberi.  Madras,  1835.— 14.  M.vNsox,  Sir  P.,  and 
J others.  “ Keiant  ol  Discussion  on  Beriberi,  Brit.  i\led.  Assoc.  (Trop.  Section),” 
• Brit.  Med.  Jonrn.  1902,  vol.  ii.  p.  830  et  seq. — 15.  PiCKKi-HAiUNG  and  'Winki.kh. 
■ Beeherches  snr  la  nature  et  le  cause  da  bdribiri.  The  Hague,  1888  ; Englisli  Trans- 
lation by  Cantlie. — 16.  Report  to  Legislative  Council,  Fiji,  re  Japanese  Immigrants, 
1896. — 17.  Review  of  Precious  Mcasu7-es  against  Kakkc  in  the  Imperial  jVavy. 
Tokyo,  1898.— IS.  Ro.s.s,  R.  Brit.  Med.  Journ.  1902,  vol.  i.  ]>.  329.— 19.  SciiEi  iiK. 
J)ic  Bcribcrilerankheit.  Jena,  1894. — 20.  Sim.moxs.  Chinese  Imp.  Mar.  Customs 
Caz.  Med.  Rep.  19th  Is.  1880. — 21.  Simon,  M.\x.  Journal  of  the  Straits  Medical 
Association,  No.  3,  1892;  1893. — 22.  Tii.vvEits,  K.  A.  0.  Journ.  Trop.  Med.  15th 
September  1904.— 23.  M’etheu.vle.  Brit.  Med.  Journ.  27th  October  1894.— 24. 
IVoKDEitMAXN.  Undcrzuik  naar  het  verband,  etc.  Batavia,  1897. — 25.  Wnuiirr, 
Hamilton’.  Studies,  Institute  Med.  Research  Fed.  Malay  Stales,  vol.  ii.  ]>art  1 and 
]Kirt  2,  1902-1903. — -26.  Idem.  Reciew  of  B'curology  aiul  Psychiatry,  October  1905  ; 
Brain,  'Winter  1903. — A nearly  complete  bibliography  u]i  to  1894  will  be  found  in 
Schenbe's  Die  Beribcrikrankheit  (19). 

V.  M. 

C.  AV.  1). 


EPIDEMIC  DROPSY 

By  Col.  Kenneth  M.vcleol),  I.M.S.,  M.D.,  LL.D. 

History. — In  the  year  1877  an  outbreak  of  a disease,  the  principtd  fea- 
ture of  Avhich  was  dropsy,  occurred  in  the  southern  suburbs  of  Calcutta. 
It  continued  to  prevail  during  the  cold  season  of  1877-78,  disappeared  in 
the  hot  weather,  recurred  over  a wider  area  in  the  cold  months  of 

1878- 79,  subsided  again  in  the  hot  weather,  broke  out  a third  time  over 
a more  extensive  area  of  the  town  and  suburbs  in  the  cold  season  of 

1879- 80,  and  vanished  in  the  hot  weather  of  1880.  The  disease 
reappeared  to  a limited  extent  in  Calputta  in  the  hot  season  of  1881. 

, 'riie  new  ground  invaded  in  each  recrudescence  was  contiguous  to  that 
which  had  been  previously  occupied,  but  isolated  ofishoots  also  occurred  : 
the  larger  and  more  distant  of  these  were  a well-defined  outbreak  in  the 
hill  station  of  Shillong,  in  the  Khasia  Hills,  Assam,  in  the  winter  of 
1878-79  ; and  a somewhat  severe  ])revalencc  among  natives  inhabiting 
the  city  of  Dacca  in  Eastern  Bengal,  and  among  coolies  employed  in  the 
tea-gardens  of  South  Sylhet  during  the  same  time.  A similar  epidemic- 
broke  out  in  the  island  of  Mauritius  in  November  1878,  and  continued 
( to  j')revail  extensively  until  April  1879,  when  it  died  out.  Labourers 
i for  the  tea-gardens  of  Assam  and  Sylhet,  and  for  the  sugar-j)lantations 
1 of  Alauritius,  pass  through  Calcutta ; the  latter  embark  at  the  ])lace 
' where  the  disease  first  made  its  apj)carance. 

This  remarkable  epidemic  of  dropsy  was  very  carefully  observed  in 
I each  locality,  and  its  jfiienomena — clinical  and  c])idemiological  — have 
I been  minutely  recorded  by  Drs.  Davidson,  O’Brien,  Crombie,  and  others. 
At  first  it  was  thought  to  be  a manifestation  of  beriberi,  in  most  cases  of 
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which  dropsical  etiusions  into  the  cellular  tissue  and  serous  cavities  take 
place.  On  closer  study  of  the  disease,  however,  it  became  clear  that, 
althoui'h  dropsy  occurs  in  both  affections,  these  presented  striking 
differences  in  every  other  respect.  Beriberi  is  essentially  a peripheral 
neuritis ; in  the  Calcutta  and  Manritins  disease  neuritic  symptoms  held  a 
very  sulior'dinate  position,  and  the  anajsthesias  and  palsies  observable  in 
every  case  of  well-developed  beribei-i  were  absent.  Epidemics  of  dropsy 
have  been  repeatedly  observed  both  on  land  and  at  sea ; l)nt  it  is 
difficult,  owing  to  the  vague  descrij)tion , and  imperfect  identification  of 
these,  to  decide  whether  they  were  instances  of  “ wet  ” beriberi,  or  of  a 
disease  similar  to  that  observed  in  India  and  Mauritius.  Twenty  years 
elapsed  before  any  case  or  outbreak  of  this  disease  came  under  observa- 
tion. In  June  1901  Dr.  E.  L.  Dutt  dreAv  attention  to  several  groups  of 
cases  occurring  in  some  native  houses  in  Northern  Calcutta.  The.se 
were  seen  by  Drs.  Neild  Cook,  health  officer  of  Calcutta,  and  Leonard 
Rogers,  Professor  of  Pathology,  Calcutta  INIedical  College,  who  carefully 
studied  them,  and  had  no  hesitation  in  pronouncing  them  to  be  examples 
of  the  disease  which  had  prevailed  in  Calcutta  and  Mauritius  in  1877-81. 
Bacteriological  investigations  Avei'e  made  by  Dr.  Rogers  with  negative 
result.  The  outbreaks  were  limited  to  a few  households,  most  of  the 
members  of  which  were  seized  either  simultaneously  or  successiveh".  The 
disease  died  out  in  the  rainy  season.  Cases  of  ej)idemic  dropsy  were 
observed  in  the  General  Hospital,  IMadras,  in  the  same  year.  An  out- 
break of  the  disease  occurred  in  the  Barisal  Jail,  Bengal,  in  1 902 ; 
twenty-six  cases  being  admitted  into  hospital  from  September  to 
December,  of  which  eight  tvere  fatal. 

Symptoms. — Pyrexia,  gastro-intestinal  disturbances,  burning  and 
j)ricking'  of  skin,  and  deep-seated  pains  in  body  and  limbs  were  the  most 
common  initial  symptoms.  In  a considerable  proportion  of  cases^ 
however,  anasarca  Avas  the  first  indication  of  disturbed  health,  and  the 
symptoms  just  mentioned  accompanied  or  succeeded  the  dropsical 
SAvelling.  The  dropsy  AA'as  an  invariable  and  essential  feature  of  the 
complaint,  and  AA^as  apA^ays  either  initial  or  eat  ly.  The  loAAmr  limbs  Avere 
affected  in  the  first  instance,  the  trunk  and  upper  extremities  subsequently 
in  severe  cases,  the  face  rarely.  The  effusion  Avas  in  most  cases  confined 
to  the  skin  and  subcutaneous  areolar  tissue  ; oedema  of  the  deeper  cellular 
tissues  took  place  in  severe  cases ; the  serous  cavities  of  the  chest 
— pleurte  aud  pericardium — Avere  sometimes  filled  Avith  serum,  the 
Iteritoneum  and  arachnoid  cavity  very  seldom.  The  anasarca  of  the  loAver 
limbs  often  pei'sisted  after  every  other  morbid  condition  had  disappeared. 
'Fhe  pyrexia  Avas  of  mild  type ; seldom  preceded  by  rigors  or  resolved  by 
SAveats ; remittent,  AA’ith  morning  temperatures  of  99°  or  100°  F.,  and 
evening  temperatures  of  100°  or  101°  F.  lu  some  feAv  cases,  Avhen  the 
lungs  became  congested  or  inffamed,  higher  readings  Avere  noted.  Vomit- 
ing and  diarrhoea  Avei-e  frequent  premonitory  events,  and  diarrhoea  and 
dysentery  sometimes  appeared  during  the  course  of  the  attack,  and  AV'cre 
apt  to  l)e  troublesome  and  exhausting.  Itching,  burning,  and  other 
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unpleasant  sensations  often  preceded  and  accompanied  the  development 
of  the  anasarca,  and  in  a considerable  proportion  of  cases  the  surface 
became  erythematous  or  affected  ■with  an  urticarial,  scarlatinal,  or 
I morbillons  rash.  Vesicles  and  petechial  and  purpuric  spots  were  also 
observed.  These  rashes  appeared  in  the  earlier  stages  of  the  attack  ; 
eczema,  desquamation,  excoriation,  and  ulcers  were  occasionally  obser\  ed 
later.  The  deep-seated  pains  probably  depended  on  the  pyrexia,  and 
occurred  within  the  first  fortnight.  The  condition  of  the  urine  varied  as 
, regards  colour,  quantity,  specific  gravity,  and  frequency  of  discharge. 
Xo  tube-casts  or  albumin  were  found.  In  severe  cases  respiration  and 
circulation  were  much  disturbed.  The  cough,  dyspnoea,  and  orthopmea 
I observed  in  some  cases  were  evidently  due  to  cedema  or  congestion  of  the 
lungs,  and  effusion  into  the  cavities  of  the  chest — conditions  which  occa- 
sionally caused  sudden  death.  Amemia  was  a prominent  and  constant 
feature  of  the  disease,  which  in  Mauritius  received  the  name  of  “ acute 
aiuemic  drop.sy.”  The  red  corpuscles  were  diminished  in  number,  the 
leucocytes  increased,  and  an  unusual  amount  of  granular  and  molecular 
material  was  observed  in  the  blood.  The  disease  in  severe  cases  produced 
consideral)le  prostration  and  emaciation.  Xo  enlargement  of  the  spleen 
was  noticed,  but  in  some  cases,  in  which  cardiac  and  pulmonary  complica- 
tions existed,  the  liver  was  found  to  be  tender  and  its  area  of  dulness 
extended.  Neither  antesthesia  nor  paralysis  was  observed,  though  these 
symptoms  were  carefully  looked  for  both  in  India  and  Mauritius.  The 
duration  and  severity  of  the  disease  varied  considerably.  Froirr  three 
weeks  to  three  months  may  be  stated  as  the  limits  of  duration.  Debilit}’, 
anemia,  and  persisting  oedema  of  the  legs  were  the  only  sequels  observed. 
The  case -mortality  varied  between  2 and  8 ])er  cent.  Some  Calcutta 
retui’iis  gave  higher  figures,  but  they  probably  included  an  excess  of 
fatal  cases.  Death  was  caused  mainly  by  pulmonary  and  cardiac  comjtli- 
cations,  and  in  some  cases  was  sudden  and  unexpected.  Post-mortem 
^ examination  revealed  effusions  and  congestions.  The  subcutaneous 
effusion  was  in  some  cases  hard  and  sanious.  Punctate  extravasations 
< in  the  skin  and  serous  surfaces  were  observed  ; congestions  of  stomach  and 
■ intestines,  of  the  liver  and  mesenteric  glands,  and  cloudy  swelling  of  the 
I renal  e})ithelium,  were  also  noted.  X"o  bacteriological  investigations  were 
' made  either  in  India  or  Mauritius  in  the  outbreak  of  1877-8.  The 
descri[)tions  of  the  phenomena  of  the  disease  more  recently  recorded  by 
' Di’s.  lioger.s  and  Cobb  agree  very  closely  with  the  foregoing. 

Epidemiology. — The  various  geographical  and  meteorological  con- 
ditions under  which  the  disease  prevailed  indicated  that  place  and  season 
had  no  im^Jortant  influence  in  the  causation  of  this  malad}’.  The  curious 
Calcutta  experience  of  three  outbreaks,  with  two  intervening  periods  of 
latency,  shewed  that  the  conditions  existing  in  the  cold  season  were  more 
favourable  to  its  development  and  spread  than  those  obtaining  during  the 
hot  Aveather  and  rains.  It  Avas  also  in  the  cold  season  that  the  disease 
prevailed  in  Shillong,  Dacca,  and  South  Sylhet ; but  in  Mauritius  neither 
temperature  nor  humiditv,  rain  nor  drought,  eleA’ation  nor  soil,  seemed  to 
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affect  the  course  of  the  epidemic.  The  element  of  malaria  may  also  he 
eliminated.  Nor  did  food  or  water,  shelter  or  clothing,  cleanliness, 
comfort,  general  salubrity  or  the  reverse,  appear  to  govern  the  origin 
and  spread  of  the  disease  ; though  unfavourable  personal  and  hygienic 
conditions  probably  affected  the  issue  in  individual  cases,  and  aggravated 
the  severity  of  seizures  and  the  general  mortality.  In  the  years  1876 
and  1877  Southern  India  was  visited  by  a terrible  famine,  and  .scarcity 
and  dearness  of  food  prevailed  in  Bengal  at  the  time  when  the  disease 
appeared  in  Calcutta.  Numbers  of  starving  people  flocked  into  that  cit}' 
from  the  famine  tracts,  and  fever,  cholera,  and  small-j)ox  were  more  than 
usually  rife  and  deadly ; but  this  dropsical  disease  was  by  no  means 
confined  to  the  impoverished  and  sickly  ; and  in  other  localities  which  it 
visited  such  conditions  were  absent.  Natives  of  India  were  the  chief  or 
only  victims  of  the  malady,  which  appeai'cd  and  spread,  in  the  first 
instance,  among  the  members  of  a particular  section  of  the  native  com- 
munity, and  then  extended  to  other  sections  more  or  less  associated  Avith 
them.  In  Calcutta,  Mohammedan  tailors  and  boatmen  Avere  first  attacked  ; 
and  subsequently  native  villagers  of  all  races  and  castes  liA’ing  in  the  same 
or  adjoining  hamlets.  A feAv  Eurasians  and  Armenians  suffered,  but 
no  European.  In  Shillong,  Bengalis  Avere  primarily  and  principally 
the  sufferers ; later  a feAv  hillmen  and  Goorkhas  took  the  disease.  In 
Dacca  the  disease  prevailed  among  natives  onljq  and  in  Sylhet  among  the 
garden  coolies  exclusiA’cly.  In  Mauritius  it  broke  out  among  Indian 
labourers,  and  prevailed  most  among  those  imported  from  Calcutta.  The 
general  population  subsequently  sufiered,  though  to  a smaller  extent. 
Adults  Avere  the  most  numerous  A’ictims,  and  males  AA^ere  attacked  in 
larger  proportion  than  females ; but  children  Avere  not  exempt,  and 
among  these  sex-proportion  AA^as  more  equal.  The  outbreaks  in  all  places 
presented  the  character  of  an  epidemic  rather  than  an  endemic.  Neither 
before  nor  after  the  outbreak  did  any  disease  presenting  similar 
symptoms  exist  endemically  or  appear  sporadically  in  any  of  the  places 
visited. 

There  is  some  ground  for  belief  that  the  disease  Avas  originally  imported 
from  the  Madras  famine  tracts.  Dr.  Bammay  Ray,  Avho  had  been  on  famine 
duty,  had  treated  500  cases  of  a drop.sical  disease  in  the  famine  country, 
Avhich  AA'as  called  beriberi ; and  on  his  return  to  Calcutta  he  identified  the 
malady  Avhich  he  found  preAvalent  there  Avith  that  Avhich  he  had  seen  in 
IMadras.  Calcutta  Avas  undoubtedly  the  centre  fi-om  Avhich  the  disease  Avas 
carried  to  other  ])laces — to  Dacca,  Sylhet,  Shillong,  and  INIauritius.  The 
spread  of  the  disease  AA'as  accomplished  by  human  agency  and  intercour.se. 
The  manner  in  Avhich  itgrcAv  in  households  aTid  communities  proved  its  com- 
municability, and  numerous  instances  of  grouping  and  importation  Avere 
recorded.  Its  diffusibility  Avas,  hoAvever,  by  no  means  keen  nor  its  incidence 
strong.  In  Mauritius,  Avhere  the  conditions  of  prevalence  seemed  to  he 
more  favourable,  oidy  about  one-tenth  of  the  persons  exposed  to  the  risk  of 
contracting  it  suffered,  and  in  other  places  the  proportion  of  victims  Avas 
less  and  the  margin  of  immunity  greater. 
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Diagnosis. — The  onl}-  disease  with  which  epidemic  drojisy  is  likely  to  he 
I confounded  is  beriberi ; but  on  eompariiig  the  clinical  and  epidemiological 
characters  of  the  two  diseases  a radical  distinction  between  them  becomes 
apparent ; there  ought  in  future  to  be  no  ditticnlty  in  discriminating 
the  one  from  the  other.  Beriberi  is  a peripheral  neuritis  of  which  dropsy 
is  not  an  invariable  accompaniment ; epidemic  dropsy  partakes  moie  of 
the  nature  of  an  exanthem  ; the  dropsy  is  a constant  feature,  and  the 
nervous  phenomena  characteristic  of  l)eriberi  are  absent.  Kpidcinic 
dropsy  is  a febrile  disease ; in  beriberi  fever  is  either  masked  or  absent. 
The  congestions  and  eruptions  observed  in  epidemic  dropsy  are  rare  or 
absent  in  beriberi.  This  is  also  true  of  the  gastro-intestinal  disorder  so 
' frequently  seen  in  the  former.  Beriberi  is  a more  severe,  protracted,  and 
fatal  disease ; it  is  also  an  endemic  i-ather  than  an  epidemic  disease, 
the  opposite  being  true  of  epidemic  dropsy  ; the  former  has  also  more 
i detinite  geographical  limits  than  the  latter,  and  the  circumstances  of 
i climate  and  season  favouring  the  development  and  spread  of  the  two 
diseases  are  different,  if  not  opposite — beriberi  flourishing  under  warmth 
. and  damp,  epidemic  dropsy  under  cold  and  dryness.  Beriberi  seems  to 
' be  a disease  of  soil  and  habitation,  epidemic  dropsy  of  families  or  com- 
munities— the  propagation  of  the  latter  being  more  manifestly  due  to 
association  and  intercourse  than  that  of  the  former,  Avhicli  seems  to  depend 
rather  on  common  exposure  to  morbific  conditions.  The  difiusibility  of 
, epidemic  dropsy,  though  not  very  active,  exceeds  that  of  beriberi,  which 
I requires  a greater  degree  of  concentration  of  its  poison  in  circumstances 
( of  overcrowding,  filth,  and  deficient  ventilation  to  render  it  active  and 
I effective.  The  al^sence  of  endemic  prevalence  of  beriberi  in  the  localities 
i where  the  dropsical  disease  pi’evailed  negatives  the  idea  that  the  latter 
1 Avas  an  accidental  epidemic  manifestation  of  a malady  of  usually  endemic 
habit. 

Treatment. — Such  measures  of  segregation  and  disinfection  as  are 
< ordinarily  employed  in  the  case  of  the  exanthems  are  indicated  in  the 
I management  of  an  epidemic  such  as  this.  No  special  .system  or  plan  of 
' medical  treatment  or  regimen  Avas  employed  in  these  outbreaks,  symptoms 
( and  complications  being  met  by  the  ordinary  principles  and  methods  of 
: rational  medicine. 

Kenneth  Macleod 
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LEPROSY 

Bj'  PiiixEAs  S.  Abuaham,  M.A.,  M.D.,  B.Sc. 

I )E  Ri  v'ATio  X . — AeTT/jos,  scaly. 

Synonyms. — English;  Elephantiasis  Grcecorum,  Lepra,  Satyriasis,  “Great 
Disease,”  “ JMycle  Ail”;  and  in  the  West  Indies,  “Joint  Evil,” 
Cocohay,  “ Bumpy  Sick,”  and  “ Scrophida.”  French : La  lepre, 
Ludrerie.  German  : Aussatz,  Lepra.  Italian  : Lehhra,  lepra.  Spanish  ; 
Mai  de  San  Larzaro,  Lepra.  Norwegian  ; Spcdalske,  Spedalskhed,  Likpra. 
Swedish:  Spetalskaii.  Icelandic:  Lihpriir,  Holdsveiki.  Finnish; 
Spetdlskan.  Russian:  Prokaza,  Crimka,  Opasnaya,  Kilka,  Prypadek, 
Crimean  disease.  Greek  : Elephantiasis,  Elephas,  Elephantos,  Satyria, 
Satyriasis,  Leontia,  Leontiasis,  Efousos  Phoinike.  Sanskrit : Kushta. 
Arab  : Baras,  Dsjudam,  Jasam,  Da  el  ased.  Indian  : Sunbahiri,  Korh, 
Maha-korh,  Rakt-korh,  Pes,  CJiarak,  Bucta  Kusta,  Koostuni  coostaror 
e/um,  Kod,  Patgnrine,  Raght-pite.  Chinese  ; Ma  Fung,  Ta  ina  fong,  Li 
fong.  Japanese  : Shinshi.  Maori  : Ngerengere,  Puhipuhi,  Tuwhenua. 
Hawaiian  ; Ma’i  Pake,  Lepera. 

Short  Description. — A bacillary  disease,  apparently  peculiar  to  man,  of 
slow  incubation  and  chronic  course  ; manifesting  itself  in  most  cases 
by  cutaneous  pigmentary  changes,  and  always  by  the  formation  of  char- 
acteristic neoplasms,  particularly  in  the  skin,  mucous  membranes,  a!id 
nerves,  which  give  rise  on  the  one  hand  to  obvious  thickenings  and 
nodosities,  on  the  other  to  alterations  in  sensation  (analgesia,  amesthesia), 
and  to  tissue  degenerations,  ulcerations,  and  progressive  contractions  and 
mutilations  of  the  extremities. 

History. — Leprosy  in  Ancient  Times. — There  is  reason  to  believe  that 
leprosy  was  a known  disease  many  centuries  before  our  era.  The  earliest 
reference  to  it  appears  to  be  in  a papyrus  discovered  at  Memphis — the 
“ Ebers  papyrus  ” — which  was  written  during  the  reign  of  Raineses  II., 
1.348-1281  B.c.  Prescriptions  for  the  cure  of  a disease  called  Uchetu, 
characterised  by  nodosities  and  pain,  and  most  probably  leprosy,  are 
therein  contained,  and  these  date,  if  we  accept  the  authority  of  Brugsch, 
from  the  period  of  Hesepti  of  the  legendary  first  dynasty  (4600  B.C.), 
that  is,  from  a time  long  antecedent  to  the  IMosaic  Exodus.  Uchetu. 
in  Prof.  Macalister’s  opinion,  is  probably  the  same  disease  as  the  K-e^/xara 
of  Hippocrates. 

An  early  Biblical  notice  of  “ tsaraath  ” occurs  in  Leviticus,  chap,  xiii.) 
in  which,  however,  the  description  seems  to  apply  better  to  certain  other 
affections  than  to  “ leprosy  ” as  at  present  understood.  In  other  passages 
in  the  BiWe  also,  as  in  Exodus,  chap,  iv.,  we  read  of  “ leprous  as  snow.” 
Now,  the  enactments  in  Leviticus  refer  chiefly  to  questions  of  diagnosis 
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ill  the  first  stages  of  the  disease,  and  whether  the  sufferers  should  be 
made  outcasts  or  not ; in  this  connexion  we  must  remember  that  some 
of  the  early  cutaneous  phenomena  of  leprosj^,  as  will  be  seen  later,  may 
■simulate  to  some  extent  the  characteristic  lesions  of  such  diseases  as 
leucodermia,  morphtea,  etc.  It  may  be  assumed,  howevei',  from  many 
allusions  in  the  Bible  and  other  ancient  writings,  that  true  le]>rosy  existed 
largely  among  the  early  dews  ; although  it  was  doubtless  then,  as  it  is 
now  by  inc.xpert  observers,  confounded  with  other  chronic  and  severe 
maladies  of  the  skin,  like  leucodermia,  the  syphilides,  the  tuberculides, 
yaws,  malignant  growths,  and  even  scabies,  eczema,  psoriasis,  and  several 
other  obstinate  cutaneous  affections. 

Leprosy  seems  to  have  been  also  prevalent  in  ancient  days  in  Persia, 
where,  before  the  time  of  Herodotus  (Herod,  i.  136),  there  were  stringent 
laws  for  the  expulsion  of  lepers  from  the  towns.  Atossa,  wife  of 
Artaxerxes  II.,  was  said  to  have  been  attected  with  the  disease. 

In  India,  leprosy,  under  the  name  of  “Kushta,”  was  first  described 
by  Ati'eya,  who  is  quoted  in  the  llig  T"eda  Sewhita,  a work  dating  from 
about  1400  l!.c. 

The  disease  was  first  recorded  in  dapan  about  1200  r..c. ; but  in  China 
it  does  not  seem  to  be  alluded  to  in  the  earliest  accessible  documents.  It 
is  believed,  however,  that  it  was  first  noticed  in  that  country  one  or  two 
centuries  before  Christ. 

It  has  been  surmised  that  Egypt  was  really  the  liirthplace  of  leprosy, 
that  the  dews  took  it  thence,  and  that  by  the  commerce  and  wars  of  the 
i Egy])tians  it  was  carried  to  the  far  East.  The  evidence  in  support  of 
I these  o})inions  is  very  scanty. 

In  all  the  countries  mentioned  above,  leprosy  has  contiinied  to  exist 
until  the  i^resent  day  as  an  endemic  disease. 

Leprosy  is  first  mentioned  in  Europe  by  Aristotle  about  the  year 
345  B.C.,  under  the  term  “ Satyria.”  Hippocrates,  indeed,  at  an  earlier 
date,  speaks  of  Xe-pai,  but  the  description  given  doubtless  refers  to  the 
disease  Ave  now  call  psoriasis ; and  he  also  refers  to  the  “ Phoenician 
di.sease  ” as  the  cause  of  the  AerKa/ or  white  affections.  In  the  third 
' century  before  Christ  leprosy  had  probably  become  more  common  in 
Greece ; and  at  about  that  time  and  subsequently  it  was  known  chiefly 
by  the  names  “Elephantiasis”  (Aretseus,  Galen,  Celsus)  and  “ Leon- 
tiasis  ” (Aretreus).  Aretreus,  in  the  first  century  A.i).,  gives  an  excellent 
description  of  it. 

The  disease  is  believed  to  have  spread  in  early  times  from  Gi'cecc  to 
the  neighbouring  countries  of  South-Eastern  Europe  ; and  it  first  attracted 
attention  in  Italy  during  the  first  century  B.c.,  shortly  after  the  return 
of  the  Pompeian  army  from  tlie  East. 

Leprosij  in  the  Middle  Ages. — It  is  quite  ])ossible  that  leprosy  may 
have  been  carried  by  the  Romans  to  all  parts  of  their  Amst  empire, 
through  their  relations  on  the  one  hand  Avith  Asia  and  Africa,  and  on 
the  other  Avith  A^arious  countries  of  AVest  and  North  Europe;  at  any  rate 
it  gradually  increased  in  these  countries  to  such  an  extent  that  a fcAv 
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centuries  later  it  was  deemed  necessary  to  establish  leper  asylums — as  in 
Spaiti,  (Germany,  France,  England  and  elsewhere. 

Varicus  e.xpeditions  and  migrations,  sidjsequent  to  the  fall  of  Koine, 
no  doulit  largely  influenced  the  distribution  and  exacerbation  of  leprosy 
in  Europe  during  the  early  IMiddle  Ages ; the  advent  of  the  Moors  and 
the  goings  and  comings  of  the  Crusaders  may  have  had  such  a direct  or 
indirect  effect.  The  diffusion  may  to  some  extent  be  followed  by  noting 
the  dates  of  legislation  on  the  subject,  for  laws  dealing  with  lepers  were 
enacted  in  Lombardy  in  the  seventh  century  A.D.,  rather  later  in  France 
— by  Charlemagne  in  789,  and  by  Noel  Dha,  King  of  Wales,  in  950. 

The  earliest  leper  asylums  appear  to  have  been  established  in  the 
eighth  century  ; but  the  greater  number  of  these  institutions,  which  were 
rather  of  the  nature  of  religious  houses  than  of  hospitals  in  the  modern 
sense  of  the  term,  date  their  foundation  from  the  eleventh  to  the  thirteentli 
century.  In  England  the  first  was  founded  at  Canterbury  in  109G; 
and  from  that  time  until  the  year  1472,  when  the  last  was  established  at 
Highgate,  some  112  such  institutions  arose  in  different  parts  of  the 
country.  One  of  the  earliest  was  in  St.  Giles’,  London,  and  another 
occupied  the  site  of  the  ^M’esent  Palace  of  St.  tlames’s. 

From  England  leprosy  gradually  spread  to  Scotland,  and  ultimately 
to  the  Northern  Isles,  where  indeed  it  lingered  longest.  Robert  Bruce 
died  of  leprosy  in  1329.  Towards  the  end  of  the  fourteenth  century  the 
disease  was  rapidly  declining  in  England,  and  a Commission  which  was 
appointed  in  1470  reported  that  very  few  lepers  were  left  in  the  lazar- 
houses.  Leprosy  had  practically  disappeared  from  England  before  the 
accession  of  Henry  the  Eighth,  but  not  from  Scotland  iintil  much  later. 
The  last  indigenous  leper  was  seen  in  the  Shetland  Isles  in  1798,  and  a 
case  occurred  in  Edinburgh  in  1809. 

In  Franco  no  loss  than  2000  lazarettos  are  said  to  have  existeil 
during  the  thirteenth  century,  and  there  were  many  others  in  the  re- 
maining civilised  parts  of  Europe.  Unquestionably  a considerable 
number  of  the  unfortunate  inmates  of  the  lazar-houses  of  the  Middle 
Ages  Avere  sufferers  from  .syphilis  and  A^arious  chronic  diseases  of  the 
skin,  for  Ave  knoAv  that  in  the  beginning  of  the  sixteenth  century,  Avhen 
physicians  Avere  better  acquainted  Avith  such  diseases,  and  especially  Avith 
the  diagnostic  signs  of  syphilis,  a revision  AA^as  made  of  the  lazar- 
houses  of  France  and  Italy,  and  it  aa^is  then  found  that  in  many  of  them 
the  majority  of  the  inmates  Avere  not  suffering  from  leprosy.  Taking  all 
the  facts  into  consideration,  it  must  nevertheless  be  admitted  that  true 
leprosy  Avas  undoubtedly  Avidely  preA’alent  o\^er  the  greater  ])art  of 
Europe  during  the  ^Middle  Ages,  that  it  gradually  diminished  in  most  of 
the  countries  from  the  fourteenth  century  ouAvards,  and  that  it  has 
remained  as  an  endemic  disease  in  certain  districts  only.  The  de- 
scriptions of  the  medimval  Avriters  shcAv  that  the  disease  Avas  the  same 
then  as  noAv. 

Geographical  Distribution.— At  the  present  time  leprosy  is  Avidely 
but  unequally  distributed  over  the  earth’s  surface.  It  occurs  as  an 


j'wulemic  disease  in  many  places  in  the  tropics,  in  the  temperate  zones, 
j ind  even  so  far  north  as  the  Arctic  Circle. 

f In  Europe  the  principal  centres  are — (1)  in  Western  Xonvay,  near 
Si^ergen,  along  the  borders  of  the  Norde  and  Sihidre  Fiords ; in  the 
(-ieighbourlu)od  of  Molde  and  Trondhjem,  and  as  far  north  as  hlammerfest 
.and  the  Lofoden  Islands  ; (2)  North  Russia,  the  countries  and  imovinces 
on  the  borders  of  the  Baltic  (Finland,  Lirland,  Couiland,  etc.);  (3) 
"Southern  Ru.ssia  (the  province  of  Kherson,  Tauride,  the  ])on  Cossack, 
Cuban  and  Tersk,  Stavropol,  Astrakhan,  and  Ural  Cossack  Districts) ; 

t ;4)  Creece  (Acarnania,  Laconia,  Messenia.,  and  the  Grecian  Archipelago) ; 
■(b)  Turkey  (Thessaly,  Macedonia,  Rumelia) ; (G)  the  larger  Mcditei- 
ranean  Islands  (Crete,  Cyprus,  Sicily,  etc.);  (7)  Spain  (Alicante,  IMalaga, 
.j Granada  and  Seville);  and  (8)  Portugal  (Reira,  Estremadiira,  Algarve). 
Leprosy  is  prevalent  in  Iceland,  and  until  recently  increasing ; Bjarn- 
hedinsson  states  that  the  cases  are  now  about  130. 

A limited  number  of  indigenous  cases  are,  moreover,  still  to  be  found 
iti  several  other  European  countries,  for  example,  in  Sweden,  Ital}^  (the 
■ ; Riviera,  Naples),  Rumania,  Hungary,  France  (the  Riviera,  Nice,  about 
the  delta  of  the  Rhone,  and  possibly  Brittanj-)  and  in  North-East 
i Prussia. 

The  European  leper  asylums  now  established  are  situated  at  Bergen  ^ 

• and  Trondhjem  (the  Norwegian  asylums  now  contai7i  together  about 
r.  250  inmates),  Reikiavik  (Iceland),  Dorpat  (also  at  Oesel,  Rigi,  and 
t’  Lirland  in  the  Baltic  provinces),  Constantinople,  Cyprus,  San  Remo, 

, Alicante,  and  Lisl)on. 

, In  other  places  where  leprosy  is  not  endemic,  cases  arc  occasionally 
t met  with,  as  in  London,  Paris,  Vienna,  Berlin,  Rome,  etc.,  but  such 
I patients  have  invariably  acquired  their  disease  as  natives  or  sojourners 
i in  some  other  country  in  which  it  persists.  In  1897  I estimated  that 
thei'c  had  been  since  1885  from  80  to  100  lepers  in  Great  Britaiii  and- 
I Ireland — I could  find  definite  records  of  5G  c<ases.  About  30  have  been 
I*  under  my  own  observation  within  the  last  18  years  in  London.  There 
i is,  however,  no  reason  to  suppose  that  leprosy  is  increasing  in  this 
I country.  With  two  doul)tful  cxcej)tions  all  the  cases  had  lived  in 
I leprous  countries.  IMi’.  Pernet  has  lately  estimated  that  there  are 
' probably  not  more  than  40  at  the  present  time  in  the  British  Isles. 

In  Asia  leprosy  is  as  widely  prevalent  now  as  in  ancient  times.  It 
occurs  in  Asia  Minor,  in  Palestine  (with  an  a.sylum  at  .lerusalem  with 
about  fifty  inmates),  the  mountainous  districts  of  Syria,  Kurdistan, 
Persia,  Turkestan,  Arabia  (especially  at  Muscat),  in  Siberia  (where  in  the 
Yakutsk  district  there  are  probably  about  100  lepers),  Kamtschatka, 
Japan,  and  China  (in  the  southern  and  western  coast  districts).  The 
Chinese  leprosy  is  a matter  of  some  moment  to  other  nations,  for 

* In  consequence  of  the  recent  remarkal)le  iliniinution  of  lei)rosy  in  Norway  the  well- 
known  asylum  at  Mohlc  and  one  of  those  at  Bergen  have  been  clo.sed  for  that  disease.  Dr. 
Hansen  informs  me  that  “the  number  of  lepers  in  Norway  at  the  end  of  1904  was  222  in 
their  homes  and  2.o7  in  the  asylums.” 
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emigrants  from  that  country  have  planted  new  foci  for  the  extension  of 
the  disease  in  more  than  one  distant  place  in  both  hemispheres. 

Leprosy  exists  throughout  the  Indian  Peninsula,  being  e.specially 
prevalent,  both  absolutely  and  relatively,  in  the  Bardwan  and  Kumaon 
districts  of  Bengal  and  the  Bomlxay  part  of  the  Deccan.  Tliere  are 
asylums  at  Calcutta,  Bombay,  and  many  other  places,  but  it  is  estimated 
that  at  present  not  more  than  2 per  cent  of  the  Indian  lepers  are  thius 
cared  for.  It  is  rare  in  Sind,  common  in  Ceylon  and  the  Andaman  and 
Laccadive  Islands.  It  is  also  frerpiently  met  with  in  Buima,  Siam, 

Cochin  China,  and  the  Straits  Settlements,  Avhere,  at  Penang,  there  is  a 
large  asylum.  Numerous  cases  occur  in  Java,  Sumatra,  and  the  other 
islands  of  the  East  Indian  Archipelago,  and  also  in  Borneo. 

As  regards  Africa,  we  find  the  disease  extensively  diftused  in  Egypt, 
both  in  the  Nile  basin  and  along  the  shores  of  the  Mediterranean  and 
Bed  Seas.  It  is  also  prevalent  in  Al)yssinia — on  the  coasts  as  well  as  in 
the  plains  and  hill  districts.  It  occurs  in  Algiers  and  Morocco,  but  here 
it  has  probably  been  more  often  confused  with  syphilis.  It  is  found  in 
the  Canai'ies  and  Madeira,  and  less  commonly  in  the  Azores ; and  it  also 
exists  at  St.  Helena.  On  the  West  Coast  it  extends  from  Senegambia 
to  Cape  Lopez ; according  to  Tonkin  it  is  more  prevalent  in  the  inland 
districts  far  away  from  the  coasts  and  rivers.  It  is  probably  endemic  in 
the  interior  of  Africa,  for  it  is  not  unfrequently  found  in  slaves  from  the 
Sudan  and  elsewhere.  The  disease  is  common  in  South  Africa,  where 
it  is  generally  believed  to  be  increasing,  and  a large  leper  settlement  is 
in  active  work  at  Robben  Island  near  Cape  Town.  Since  1850  an 
endemic  centre  has  sprung  up  among  the  ZtxIus  who  had  migrated  to 
Natal.  Livingstone  met  with  it  in  his  travels,  and  there  is  now  a centre 
in  Grerman  East  Africa.  On  the  East  Coast  cases  are  also  found  at 
Zanzibar,  Mozambique,  and  in  the  islands  of  Madagascar,  hlauritius, 
St.  Marie,  Reunion,  Rodrigues,  and  the  Seychelles. 

In  Australia  cases  of  lepirosy  have  been  cropping  up  within  the  last 
thirty  years,  chiefly  among  the  Chinese,  but  also  to  a less  extent  among 
the  white  colonists.  From  1883  to  the  end  of  1904,  ninety-six  cases  had 
been  under  the  cognisance  of  the  New  South  AVales  Board  of  Health  ; at 
the  latter  date  there  were  seventeen  in  the  lazaretto  at  Little  Bay  near 
Sydney — seven  being  natives  of  New  South  Wales  of  European  descent, 
five  whites  from  other  countries,  and  the  rest  coloured.  A rigid  .system 
of  segregation  has  been  adopted  in  this  colony.  Several  cases,  chieHy 
Chinese  and  Kanakas,  have  occurred  in  Queensland  and  Victoria  and  one 
or  two  in  other  parts  of  Australia. 

In  New  Zealand  a small  centre  has  loner  existed  amons:  the  I\Iaoris  of 
Taupo  and  Rotorua.  The  disease,  which  is  chiefly  known  by  the  name 
of  “ Ngerengei’e,”  is  l)elieved  to  have  been  introduced  towards  the  end  of 
the  seventeenth  century  ; it  appears  to  be  dying  away.  Two  cases  have 
been  reported  among  the  whites,  and  one  in  a Chinaman. 

The  Hawaiians,  in  proportion  to  their  numbers,  are  probably  more 
afflicted  with  leprosy  at  the  present  time  than  the  inhabitants  of  any 
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»>Dther  part  of  the  world.  The  leper  settlement  at  Molokai  Avas  estab- 
II' ished  in  1805,  shortly  after  a manifest  increase  had  been  observed  in 
ihe  number  of  cases  throughout  the  islands  ; from  that  date  to  1895 
■5124  lepers  were  received.  The  average  number  of  the  leprous  popula- 
ntion  in  the  settlement  for  some  years  has  been  upwards  of  1000. 

The  disease  is  also  well  known  in  the  Philippines,  Fiji,  Tahiti,  and 
Ik  other  islands  of  the  Pacific,  but  information  on  the  subject  except  as 
regards  Fiji  is  scanty. 

The  western  hemisphere  was  probably  first  invaded  by  leprosy  in  the  . 
r -seventeenth  centur}^ — indeed  from  the  time  of  the  importation  of  negro 
-slaves  from  Africa.  It  is  also  probable  that  some  cases  came  from 
'I Portugal  and  Spain.  In  certain  parts  of  America  and  in  some  of  the 
A\’est  Indian  Islands  the  disease  is  at  the  present  time  very  common  ; 

' other  places,  on  the  other  hand,  are  quite  exempt.  There  are  five  en- 
' 'demic  centres  in  the  northern  continent — at  Louisiana,  Florida,  California, 
at  Traeadie  in  New  PrunsAvick,  and  at  Cape  Breton.  In  the  fii  st-named 
• district  it  appears  to  be  increasing,  Avhile  in  Ncav  BrunsAvick  it  has 
■ decreased  during  the  last  fcAv  years.  There  are  a fcAv  cases  also  in 
: Texas  and  South  Carolina. 

The  disease  is  also  to  be  found  among  the  Chinese  in  British 
''Columbia,  and  among  the  NorAvegians  of  Minnesota,  MTsconsin,  and 
I Dakota.  In  none  of  these  districts  is  there  much  evidence  of  its  spreading. 
The  XorAvegian  lepers,  in  fact,  have  diminished  from  160  knoAvn  cases  to 
: under  30.  "White  estimates  the  “sporadic”  cases  to  be  found  in  other 
- states  of  the  Union,  chiefly  in  the  large  cities,  at  about  20.  A com- 
i mis-sion  appointed  in  1899  ascertained  the  existence  of  not  less  than  278 
i cases  for  the  Avhole  of  the  LTuited  States. 

In  Central  America  leprosy  is  generally  diffused  in  Mexico  and  Costa 
i Rica,  and  is  occasionally  seen  in  Nicaragua. 

. In  South  America  it  is  especially  common  in  British  and  French 
I'  (Tiiiana,  less  so  in  Dutch  Guiana.  Brazil  is  largely  infected,  and  it  also 
i,  occurs  in  North  Argentina  and  Paraguay.  There  are  many  cases  in 
1 Ecuador,  A^ery  fcAv  in  Peru,  and  apparently  none  in  Bolivia  and  Chile. 

It  is  common  in  Columbia  and  ^'enezuela,  and  in  several  of  the  West 
I Indian  Islands,  for  example,  Jamaica,  Barbados,  Trinidad,  Cuba,  and 
Hayti. 

Varieties  of  Leprosy. — Although  leprosy  is,  undoubtedly,  a distinct 
and  faii'ly  definite  disease,  the  cases  may  be  conA-eniently  grouped  under 
at  least  tAvo,  possibly  three,  categories — according  to  certain  predominat- 
ing dmical  characters  ; thus  Ave  have  the  so-called  “ varieties  ” oi'  “ forms  ” 
of  leprosA',  namely,  (1)  the  (also  called  “ tuberou.s,”  “ tuberculated,” 

etc.);  (2)  the  smo'ofh{nho  called  “anaesthetic,”  “non-tuberculated,”  “tropho- 
neurotic,” etc.) ; and  (3)  the  mimi.  In  the  first,  the  skin  is  primarily 
and  chiefly  affected ; in  the  second,  the  nerves  are  most  implicated  ; and 
in  the  tliird,  both  the  skin  and  nerves  are  more  or  less  extensively 
diseased.  These  three  varieties  are  not  distinct  processes,  for  the  tAvo 
first  often  pass  into  each  other  ; most  tuberous  cases,  indeed,  at  some 
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time  or  other  exhibit  peripheral  aiifesthesia,  and  often  terminate  in 
“ mixed  ” leprosy ; and  more  rarely  the  so-called  anaesthetic  form  may 
develop  “ tubers  ” on  the  skin.  This  artificial  classification,  therefore,  is 
only  ado2Dted  here  for  convenience  of  description.  The  “ mixed  ” form 
is  by  no  means  univer.sally  accepted  as  a variety,  as  it  is  by  many  con- 
sidered to  be  but  the  comj)lete  manifestation  of  the  disease.  “ i\Iacular” 
leprosy,  also  si>oken  of  formerly  as  a variety,  is  inerely  an  early  stage. 
“ Lepra  mutilans  ” and  other  names  have  been  given  to  cases  which 
|)resent  fjarticular  features. 

The  percentage  of  the  three  forms  varies  much  in  different  ])laces, 
as  shewn  in  the  following  tal)le  : — 


'ri’inidad. 

(Itake.) 

Demerani. 

(Hillis.) 

India. 

(Coiiimission.) 

Norway. 

(I)anielssen.) 

Nodular  . 

36 

21 

12-2 

51-6 

Smooth  . 

44 

62 

.66  -6 

33-3 

1 

Mixed 

20 

17 

31 

15-1 

It  is  urged  by  Hillis  and  others  that  the  three  forms  run  their 
coui'se  each  in  a peculiar  manner ; and,  as  will  be  seen  below,  it  is  true 
that  the  clinical  features  in  the  two  chief  classes  of  cases  differ  through- 
out the  jji'ogress  of  the  disease  in  imjrortant  jjarticulars,  the  differences 
de23ending  uf)on  the  order  of  invasion  of  the  tissues. 

Etiology. — It  will  be  seen  later  that  lejDrosy  is  always  associated  with 
a specific  Ijacillus,  and  also  that- — with  the  e-xcej^tions  noted,  all  of  which 
need  confirmation — this  bacillus  has  not  yet  been  certainly  cultivated  out- 
side the  bod}r,  or  undoubtedly  inoculated,  with  subsequent  jiroliferation, 
into  the  tissues  of  man  and  other  animals. 

Although  it  is  thus  evident  that  in  the  case  of  lej^rosy  only  the  finst 
of  Koch’s  {)Ostulates  is  as  yet  with  absolute  certainty  fulfilled,  ne\crthe- 
less  from  the  close  analogy  between  the  bacilli  of  leprosy  and  of  tuber- 
culosis, and  from  other  considerations,  jiathologists  have  felt  justified  in 
accepting  the  Bacillus  lepra',  oi'  the  poison  secreted  b\'  that  organism,  as 
the  true  cause  of  the  malady.  This  being  granted,  we  must  regard 
leprosy  as  a “ specific  infective  disease,”  and  admit  the  ^possibility  of  its 
communicability  from  one  person  to  another.  Moi-eover,  as  the  bacillus 
has  never  yet  been  found  growing  outside  the  human  body,  although 
it  is  thrown  off  in  great  quantities  in  leprous  discharges,  we  are  di'iven  to 
acknowledge  that  its  only  source  at  jjresent  definitely  known  is  in  the 
bodies  of  lej^ers.^ 

In  discussing  the  princijxd  etiological  factors  which  have  been  ascribed 
to  the  disease,  we  shall  see  that  the  question  is  a difficult  one,  and  that, 

P If  the  acid-fast  bacillus  recently  found  in  certain  diseased  rats  (vide  p.  672)  prove  to 
be  identical  with  the  /I.  leprcc,  the  above  statement  must  be  modilied. 
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in  the  present  state  of  our  knowledge,  no  decided  conclusions  can  lie 

• safely  arrived  at.  ^^'e  shall  briefly  inquire  to  what  extent  practical 
experience  confirms  the  above  considerations. 

Contagion. — llistorkvl  Evidence. — It  has  been  argued  that  history  has 
jn’oved  the  contagiousness  of  leprosy,  and  that  in  I'emote  times  it  must 
have  been  spread  in  that  way  from  Eg}’pt  to  the  Levant,  (Ireece,  Italy, 
and  the  rest  of  Europe.  The  absence  of  early  record  of  it  in  a country 
does  not  prove  that  the  disease  did  not  exist  there  ; but  we  may  assume 
that  the  diffusion  of  knowledge  from  the  East  would  tend  to  the  oliserva- 
tion  and  recognition  of  such  a disease.  Moreover,  other  possible  etiologi- 
, cal  factors  Avhich  olitain  at  the  present  day  must  have  been  existent  then, 
and,  as  we  shall  see,  it  is  by  no  means  improbalile  that  the  virus  of  the 
disease  may  invade  the  human  system  in  more  ways  than  one. 

It  has  been  further  maintained  that  the  contagiousness  of  leprosy  is 
proved  by  the  diminution  or  extinction  of  the  disease  after  the  segi'cga- 

• tion  of  lepers  in  the  Middle  Ages  in  England  and  other  parts  of  Europe. 
We  know,  however,  that  the  isolation  of  lepers  was  never  absolute ; and 

. ■ that  although  they  may  have  had  to  appear  in  a special  dress  and  with  a 
■ pair  of  clappers,  and  w'ere  objects  of  abhorrence,  they  were  frequently 
allowed,  nevertheless,  to  wander  about  and  shed  their  bacilli  over  the 
: surface  of  the  earth.  It  is  needless  to  say  that  antiseptic  precautioiis 
were  then  uidcnown.  We  may  indeed  conclude  that  historical  evidence, 
although  indicative  of  some  amount  of  human  transmission  of  the 
disease,  does  not  prove  its  communicability  only  by  contagion. 

Contagion  at  the  Present  Day. — Most  of  the  alleged  instances  of  com- 
munication of  leprosy  from  one  person  to  another  have  occurred  in 
. countries  where  the  disease  is  endemic,  and  are  therefore  open  to  the 
I objection  that  the  virus  may  have  been  acquired  otherwise  than  by  con- 
tJigion.  Even  in  such  countries  instances  of  apparent  contagion,  with 
I,  full  data,  ai-e  comparatively  uncommon.  For  instance,  during  the  stay  of 
I the  Leprosy  Commis.sion  in  India,  eight  cases  of  the  kind  were  biought 
forward,  but  only  one  stood  the  test  of  close  examination.  This  case 
I was  that  of  a sweeper  in  the  Calicut  Asylum,  in  whom  lepro.sy  ajipeaiod 
after  dressing  the  sores  of  the  inmates  for  twenty  years.  At  Trinidad, 
in  ten  years,  oidy  one  case  was  noticed  of  apparent  contagion — that  of  a 
man  who  developed  the  disease  two  years  after  living  with  a loqirous 
woman.  Many  cases,  however,  have  been  rccoi'ded  in  India, British  Guiana, 
and  other  parts  of  the  w^orld ; and  Hillis  reports  GO  cases  of  leprosy 
contracted  by  healthy  persons  living  in  the  immediate  vicinity  of  the 
-\fahaica  Asylum.  Donovan  has  recorded  a case  from  the  Lepers’  Home 
at  Spanish  Town,  Jamaica.  A cook  after  being  employed  there  lor 
seventeen  years  exhibited  the  disease.  He  frequently  slept  at  the  asylum, 
and  was  assisted  in  his  work  by  two  leper  inmates.  No  memliei-  of  Ins 
family  had  ev'er  been  affected.  Suppo.sed  instances  of  contagion  have 
also  been  brought  forward  Avithin  recent  years  b}''  IMoore  and  Cayley  in 
India,  Boss  in  South  Africa,  Heidenstam  in  Cypru.s,  Miinch  in  South 
, Russia,  Simons  in  South  Africa,  Tachb  in  New  Brunswick,  Hcllat  in  the. 
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Baltic  Provinces,  and  Azevido  Lima  in  Brazil ; some  of  these  reports 
related  to  attendants  and  others  employed  in  leper  asylums. 

The  accounts  of  Europeans  who  have  contracted  leprosy  in  leprous 
countries  ai-c  far  more  important,  for  such  subjects  are  probably  less  dirty 
and  careless  in  their  habits,  and  cannot,  like  some  natives,  be  regarded  as 
having  any  special  tendency  to  take  the  disease.  Several  instances  are  on 
record  of  Europeans  who  were  associated  with  lepers  ami  acquired  the 
malad\',  for  e.vample.  Fathers  Damien  and  Gregory  in  Molokai,  Father 
Boglioli  in  New  Orleans,  a French  Sister  of  Mercy  in  French  Guiana,  and 
another  in  Tahiti.  The  two  latter  are  said  to  have  pricked  their  fingers 
with  needles  while  sewing  lepers’  clothes.  Small  isolated  outbreaks, 
traceable  to  the  settling  of  lepers  in  districts  previously  free  from  leprosy, 
have  also  been  reported  in  Russia,  Louisiana,  New  Brunswick;,  Cape 
Breton,  and  Parcent  in  Spain.  It  must  be  admitted,  however,  that  in 
all  these  cases  the  virus  may  have  been  introduced  through  food,  or 
by  other  means. 

On  the  other  hand,  there  is  a mass  of  negative  evidence.  Thus,  the 
Dominican  Nursing  Sisters  in  the  Trinidad  Asylum  have  been  in  constant 
contact  with  the  lepex's  for  thirty-six  years,  and  not  one  of  them  h:v9 
becoTixe  infected.  The  experience  in  a lai’ge  number  of  other  asylums 
has  been  the  same.  Zambaco  Pacha  relates  the  case  of  the  resident 
priest  at  the  asylum  at  Constantinople,  whose  family  for  three  genei’atioiis 
lived  among  and  freely  mixed  with  the  lepei’s,  without  conti’acting  the 
disease ; and  similar  instances  are  indeed  innumerable.  As  pointed 
out  by  Ashlxurton  Thompson,  the  case  of  the  Kokuas  and  Kaixiaainas 
at  Molokai  is  suggestive ; these  people,  although  for  many  years  in 
freqxxent  and  close  communication  with  the  lepers  of  the  settleixxent,  have 
not  acquired  the  disease  in  any  remarkable  proportion.  Medical  men 
ill  various  parts  of  the  world  have  piicked  their  hands  in  surgical  and 
post-mortem  opei'ations  on  lepers  and  have  not  taken  the  disease.  Many 
accounts  have  been  published  of  healthy  persons  cohabiting  with  lepers 
for  years  with  impunity.  Three  cases  in  point  have  been  I'ecently 
under  my  own  observation  in  England.  Leprosy  has  not  yet  spread 
from  the  Chinese  in  California,  nor  from  the  Norwegian  lepei'S  who  emi- 
grated to  North  America,  with  the  exception  of  one  case  in  ]\Iinnesota 
reported  by  B.  Foster ; and  although  thei-e  is  always  in  London,  Paris, 
and  other  Eui'opean  centres  an  appreciable  number  of  patients  who 
have  contracted  lepi'osy  abroad,  the  disease,  with  the  exception  of  the 
cases  about  to  be  I'ef erred  to,  has  not  been  acquired  by  people  with  whom 
the  lepers  have  associated. 

Instances  of  Transmission  in  Leprosy-free  Countries. — The  most  important 
case  of  this  kind  yet  known  in  this  countiy  is  that  recoi-ded  by  Dr.  Hawtry 
Benson  in  Dublin.  xVn  Irish  soldier  returned  from  India  with  fully 
developed  leprosy.  For  a year  and  a half  his  brother  slept  in  the  same 
bed  with  him,  and  he  wore  the  leper’s  clothes  aftei-  the  latter’s  death. 
Three  years  later  this  brothei’,  who  had  never  been  out  of  the  United 
Kingdom,  manifested  leprosy  and  died  of  it.  The  diagnosis  was  con- 
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'lirmed  by  medical  men  well  acquainted  with  the  malady,  and  we  may 
aaccept  the  case  as  conclusive.  Similar  instances,  perhaps  not  quite  so 
•free  from  doubt,  have  been  also  recorded  by  Drs.  Liveing,  Kees,  Atkinson, 
•and  others.  A case  apparently  free  from  doubt  is  recorded  (1904)  by 
oltf  of  Strassl:)urg.  A man  suffering  from  leprosy  acquired  in  Tonkin 
ulied  in  Strassbui’g.  In  1902,  his  nephew,  aged  nineteen,  who  had  never 
iiresided  out  of  Urbach,  a leprosy-free  area,  presented  himself  at  the 
I clinic  with  lepros3^  His  uncle  had  lived  in  the  house  and  in  close 
.association  with  the  lad  for  two  months. 

We  must  therefore,  on  the  whole,  admit  that  in  some  cases  leprosy 
ithas  been  communicated  from  one  person  to  another.  Possibl}'  such 
'linstances  would  be  brought  before  us  in  greater  numbers  were  it  not  that 
:ithe  disease  is  one  of  very  sIoav  incubation,  and  its  prodromes  are  frequently 
;<slight  and  overlooked.  Even  with  diseases  of  acknowledged  contagiousness 

■ ijind  obvious  early  symptoms,  it  is  often  difficult  to  trace  the  contagion. 
'IBut  if  leprosy  be  “ contagious  ” in  the  ordinary  sense  of  the  term,  it  must 
'be  so  in  a comparatively  very'  slight  degree,  far  less  so  indeed  than  tuber- 
I culosis.  We  shall  see  how  difficidt  it  is,  to  say  the  least,  to  inoculate 
:the  disease,  and  we  have  no  evidence  that  the  bacilli  can  enter  the  body'’ 
'through  the  tinbroken  skin.  When  it  spreads,  therefore,  as  it  has  done 
:in  certain  countries  to  Ji  significant  extent  within  a few  years,  we  are 
q justified  in  asking  Avhether  there  must  not  be  something  more  than  mere 

• contagion  to  account  for  its  increase. 

Vaccination  as  an  alleged  Etiological  Feature.— Gevtedn  persons  blindly 
. I prejudiced  against  the  practice  of  vaccination  have  sought  to  lay  the 
I'spread  of  leprosy'  to  its  charge.  For  many'^  years  the  minds  of  observers, 
[|  competent  and  otherwise,  all  over  the  world  have  been  open  to  the  possi- 
(bility  of  the  introduction  of  the  disease  with  the  virus  of  vaccinia,  and  it 
is  remarkable  how  few  authentic  instances  have  been  broi;ght  forward  of 
isuch  supposed  dissemination ; this  question  is  fully'  considered  by?^  Dr. 
Acland  in  his  article  on  “Vaccinia”  in  Vol.  II.  part  i.  (p.  735),  and  it  is 
ishewn  that  the  alleged  cases  of  transmission  of  lepi’osy  by  vaccination 
lare  open  to  serious  doubt,  and  that,  assuming  the  presence  of  leprosy'^ 
bacilli  to  Be  necessary  to  produce  leprosyq  no  danger  need  be  apprehended 
from  the  vaccine  lymph  even  of  a leper,  provided  he  be  vaccinated  on 
nhealthy  skin. 

Heredity. — Until  recently  a belief  in  the  heredity  of  leprosy  Avas 
t'Avidely  spread  among  medical  men,  as  it  still  is  among  the  ordinai'y 
4’inhabitants  of  infected  countries ; aiid  it  Avas  often  pointed  out  that  the 
4kliscase  seemed  to  prevail  in  certain  families.  In  such  cases,  hoAvever,  the 

• affection  appeared  in  collateral  members  rather  than  in  the  direct  line. 

Even  if  it  be  true,  as  suggested  by  Virchow,  that  an  inherited 
idisjAosition  to  the  disease  may  exist  in  certain  families  (and  there  is  reason 

■ to  doubt  Avhether  such  a predisposition  be  transmitted  to  any  large  extent), 

• a close  investigation  of  the  facts  indicates  that  heredity  can  have  but 
flittle  effect  in  the  dissemination  and  perpetuation  of  leprosy. 

The  folloAving  considerations  bear  upon  this  question  ; — 
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(1)  111  all  the  leprous  countries  of  the  world  a genealogical  family 
taint  can  he  traced  in  comparatively  few  cases ; and  even  those  in  which 
brotliers  or  sisters  and  collateral  branches  are  or  have  been  affected  are 
not  so  general  as  might  be  supposed.  Thus,  in  India,  the  Commission 
could  only  discover  family  histoi-ies  of  the  disease  in  5 or  G per  cent  of 
the  lepers  seen  ; and  in  Crete,  \'andykc  Carter  found  a similarly  small 
proportion  of  “hereditary”  cases.  Among  118  patients  at  the  Tarn  Taran 
Asylum,  38  stated  that  one  or  more  of  their  blood-relations  were  or  had 
been  lepers ; but  of  these,  in  oidy  1 G had  one  or  lioth  of  the  parents  or 
grandparents  been  affected.  It  is,  moreover,  not  stated  whether  the 
disease  made  its  appearance  in  the  latter  before  or  after  its  development 
in  their  offspring. 

(3)  Immigrants  from  leprosy -free  countries,  or  their  immediate 
descendants,  in  whom  there  could  be  no  hereditary  trace  of  the  disease, 
fretpiently  become  leprous  in  infected  countries. 

Of  42  cases  of  leprosy  recorded  by  Blanc  at  New  Orleans.  12  were 
natives  of  foreign  countries  (7  German,  1 Austrian,  1 English,  1 Irish, 
1 French,  and  1 Italian),  and  of  the  remainder,  18  were  the  children  of 
foreign-born  parents  (chiefly  German  and  Irish),  “ from  which  we  con- 
clude,” he  says,  “ that  if  the  disease  be  hereditary  it  must  be  derived 
from  a variety  of  foreign  sources,  and,  if  acquired,  then  it  seems  to 
attack  the  children  of  immigi'ants  as  often  as  those  of  the  older  native 
families.” 

(3)  One  or  more  of  the  younger  generation  often  become  lepers, 
while  the  parents  and  grandparents  are  not  affected  ; and  these  latter 
occasionally  become  diseased  some  time  after  the  children. 

(4)  When  lepers  beget  children  the  latter  frequently  remain  free 
from  the  disease  ; for  instance,  in  the  Almora  Orphanage,  where  they  are 
separated  from  their  mothers  at  an  early  age,  only  one  out  of  fifteen  has 
manifested  leprosy ; in  the  Tilnidad  Orphanage,  however,  one  in  eight 
l)ecame  affected. 

Bibl),  on  the  other  hand,  reports  two  cases  in  Mexico  in  which  the 
sulqects  were  removed  at  birth  from  leprous  mothers,  brought  up  in 
districts  free  from  leprosy,  amid  healthy  surroundings,  and  never  in 
contact  with  lepers,  but  who  nevertheless  became  diseased  at  or  after 
twenty  years  of  age.  He  regards  these  as  good  instances  of  hereditary 
transmission. 

Perhaps  the  strongest  evidence  yet  additced  against  the  heredity  of 
leprosy  is  that  brought  forward  by  Hansen,  who  made  a special  journey 
to  North  America  to  discovei-  what  had  become  of  the  IGO  known 
Norwegian  lepers  who  had  emigrated  and  established  themselves  in  the 
States  of  AVisconsin,  Aliimesota,  and  Dakota.  He  found  that  not  one  of 
their  descendants,  as  far  as  the  great-grandchildren,  had  exhiltited  the 
disease. 

(5)  Lepers  are  extremely  sterile  ; hence,  even  if  they  were  allowed 
to  marry  freely,  the  disease,  if  its  transmission  depended  on  heredity  only, 
would  soon  become  extinct.  At  Alolokai,  in  eighteen  years,  of  2864 
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lepers  who  were  incarcerated,  l)iit  with  free  intercourse  among  themselves, 
not  more  than  2G  children  horn  in  the  settlement  were  fonnd  living  at 
the  end  of  the  period,  and  of  these  oidy  two  had  become  lepers. 

In  India  it  has  been  calculated  tliat  the  average  number  of  children 
;to  each  marriage  between  lepers,  or  between  a leper  and  a healthy  jjerson, 
is  less  than  one.  At  Tarn  Taran  21  children  were  the  progeny  of  bi> 
: marriages.  Only  four  females  in  that  asylum  in  whom  the  disease  had 
.already  declared  itself  gave  birth  to  children,  and  these  amounted  to  five. 

Two  lepers,  a male  and  female,  each  married,  under  my  care  in 
lEngland  have  had  children  since  their  ilisease  appeared — the  man  four, 
land  the  woman  tAvo.  In  both  families  the  children  Ikia  c remained 
iperfectly  healthy,  as  Avell  as  the  Avife  of  the  one  ami  the  husband  of  the 
other. 

(G)  Cases  of  congenital  leprosy  are  veiy  rare ; of  the  feAV  instances 
rrecorded  in  AAdiich  infants  Avere  born  Avith  supposed  mai'ks  of  the  disease; 
i upon  them,  it  is  (juite  possilele  that  the  symptoms  were  really  those  of 
-syphilis.  Navarro  has  reported  tAvo  cases  in  Colondha  as  occurring  in 
11847  and  1848,  and  tAvo  infants  at  Ti'ondhjem  are  rci)orted  to  have  been 
deprous  at  or  shortly  after  birth.  Although  children  are  sometimes 
uitl'ected,  the  enormous  majority  of  the  cases  shcAV  the  typical  period  of 
onset  of  the  disease  to  be  in  young  adult  life  : some  fcAV  lepers,  hoAvever, 
do  not  present  the  first  signs  of  leprosy  until  extreme  old  age.  1 myself 
-saAv  in  NorAA’ay  three  patients  upAA^ards  of  eighty  years  of  age,  Avho  had 
been  leprous  for  tAvo  or  three  years  only. 

lajlueuce  of  Did. — At  A'arious  times  and  in  A^arious  countries  a great 
many  articles  of  food  have  been  declared  to  be  the  cause  of  leprosy ; but 
.although  it  is  quite  possible  that  the  bacilli  ma}'  sometimes  gain  entrance 
to  the  body  Avith  the  ingesta,  and  that  the  tissues  of  those  Avho  partake 
of  certain  foods  may  be  rendered  less  resistant  or  more  susceptible  to 
ithe  groAvth  of  the  micro-organism,  Ave  cannot,  on  the  facts  before  us, 

I definitely  connect  the  disease  Avith  any  particular  diet. 

A cau.sal  relation  has  l)een  alleged  betAveen  le])rosy  and  a vegetable 
>or  non-nitrogenous  diet,  a diet  of  salted  food,  of  food  Avithout  salt  (ably 
argued  l)y  Munro),  of  pork,  of  fish,  and  of  many  other  things,  and  the 
luse  of  contaminated  Avater  has  been  suggested  by  Dr.  Liveing  and  others. 

The  fish  hypothesis,  Avhich  dates  back  from  the  time  of  Avicenna,  has 
been  su})ported  by  various  Avriters,  and.  in  recent  years  pai'ticulai'ly  and 
■jmo.st  ably  by  Mr.  .Jonathan  Hutchinson.  It  is  aigued  that  the  chief 
tcentres  of  leprosy  are  on  the  sea-coasts,  or  along  the  boi'ders  of  large 
> rivers,  Avhere  the  peo])le  liA-e  chiefly  on  fish  often  moi'C  oi'  less  decom- 
^posed,  uncooked,  dried  or  salted ; but  it  is  likeAvise  true  that  the  disease 
As  also  largely  prcA^alent  in  places  fai'  from  seas  and  river.s,  and  Avherc 
:fi.sh  cannot  be  obtained,  for  example,  in  the  mountains  of  Kurdistan, 

' many  parts  of  India,  Kashmir,  and  so  foi’th.  In  India  certain  castes  f)f 
I Tains,  Hralimins,  and  Banias  religiously  al)stain  from  all  animal  food,  and 
I many  of  them  at  least  never  taste  fish  ; nevertheless  leprosy  occurs 
**  amongst  them.  In  the  hill  districts  of  Almora  and  Dehra  ITuii  the 
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Commissioners  met  with  lepers  who  not  only  had  never  eaten  fish,  but 
who  did  not  even  recognise  the  form  of  a fish  when  shewn  to  them. 
Fish  and  prejmrations  of  fish  of  all  kinds  have  been  carefully  examined 
for  bacilli  in  leprous  countries,  but  without  success. 

Mr.  Hutchinson  has  lately  visited  South  Africa  and  India,  especially 
to  investigate  the  evidence  in  connexion  with  the  fish  hypothesis,  viz. ; 
that  the  use  of  unsound  fish  as  food  is  the  main  cause  of  leprosy — and 
he  believes  that  the  facts  which  he  has  collected  are  practically  conclusive. 
He  doubts  the  statements  of  natives  who  do  not  admit  ever  having  eaten 
fish,  and  he  points  out  that  even  in  mountainous  and  inland  districts 
dried  preparations  of  fish  are  frequently  to  be  met  with.  This  authority, 
however,  met  with  instances  in  Africa  where  “children  who  had  been 
I)red  up  in  company  with  a leper,  but  who  were  descended  from  healthy 
parents,  and  who  had  never  eaten  fish,  had  become  the  subjects  of  the 
disease.”  He  believes  that  this  “commensal”  communicabilit}'  is, 
nevertheless,  very  i-are. 

The  Influence  of  Poverty,  etc. — That  poverty  and  bad  hygiene  have  an 
indirect  effect  on  the  prevalence  of  leprosy  must,  however,  be  freely 
admitted.  The  poor  in  all  the  countries  in  which  the  disease  is  endemic 
suffer  more  frequently  than  the  rich,  although  the  latter  by  no  means 
escape  ; and  we  may  well  believe  that  insufficient  or  innutritious  diet 
may  render  people  more  prone  to  its  acquisition.  It  is  thought  by  many, 
indeed,  that  the  diminution  and  extinction  of  leprosy  in  most  of  the 
countries  of  Europe  was  due  more  to  the  improved  well-being  of  the 
people  as  to  food,  clothing,  cleanliness,  etc.,  than  to  the  measures  of 
isolation. 

The  Influences  of  Race,  Climate,  etc.,  need  only  be  alluded  to  very 
briefly.  No  nations  are  exempt,  and  the  disease  may  occur  in  the 
coldest  as  well  as  in  the  hottest  climates,  in  moist  or  in  dry  districts,  in 
plains  or  on  mountains.  Nor  has  any  direct  connexion  been  shewn 
between  leprosy  and  other  diseases  such  as  syphilis,  tuberculosis,  scabies. 
With  leprosy,  as  with  other  diseases,  anything  which  lowers  vitality 
may  render  the  system  more  liable  to  its  acquisition  and  less  able  to 
resist  its  progress ; and  it  is  also  possible  that  any  breach  of  the  skin 
may  facilitate  the  introduction  of  the  virus.  In  this  latter  way,  possibly, 
the  bites  of  insects,  scabies,  and  other  affections  of  the  kind  may  have 
an  indirect  influence,  although  this  has  not  been  proved. 

We  know  by  definite  experimental  proof  and  by  clinical  observation 
that  tuberculosis — the  first  cousin  of  the  disease  under  consideration — 
may  be  introduced  into  the  body  by  more  than  one  channel,  through  the 
respiratory  and  alimentary  passages  as  well  as  through  the  skin,  and  we 
may  reasonably  suppose  that  leprosy  likewise  may  be  acquired  in  as 
many  ways,  although  the  paths  of  entry  have  not  as  yet  been  fufl.V 
traced. 

Pathology. — ylvatomical  Changes. — Post-mortem  examination,  or  the 
observation  of  excised  parts  during  life,  invariably  shews  that  the  ultimate 
phenomena  of  leprosy  are  due  to  the  development  of  a characteristic 
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lepn>us  neoplasm  in  certain  tissues  of  the  l)ody.  This  new  groAvtli  is 
largely  composed  of  so-called  “ lepra-cells,”  many  of  Avhich  arc  agglomera- 
tions of  bacilli,  the  others  being  true  cells  ])robably  proilucod  by  prolifera- 

■ tion  of  the  tissue-elements.  These  latter  cells  as  well  as  the  accompanying 
leucocytes  may  also  contain  bacilli. 

The  state  of  some  of  the  more  important  organs  commonly  affected 
‘ ■ may  be  described,  and  a full  description  giA^en  of  the  neoplasm  as 
obserA'ed  in  the  skin. 

The  S/iin. — A young  or  groAAu'ng  nodule  of  the  skin  Avhen  cut  into 
1 shews  the  epidermis  normal,  but  the  corium  rather  firmer  than  in  health ; 
a little  Auscid  ffixid  can  be  scpieezed  out.  In  the  older  grOAvths  the  cut 

■ surface  is  granular,  and  of  a yelloAAdsh-AA'hite  colour,  and  the  substance 
: is  softer.  The  subcutaneous  tissue  is  also  sometimes  infiltrated,  and  has 

, . a gelatinous  appearance  ; but,  instead  of  softening  AAuth  age,  it  becomes 
firmei'.  Occasionally  a diffuse  infiltration  is  de\’eloped  onlj^  in  the 
subcutaneous  tissue.  The  vA-alls  of  the  Axssels  are  thickened  by  the 
I infiltration  of  the  lardaceous-looking  material,  and  the  nei'A'es  are  also 
1 increased  in  size  by  the  same  deposit,  and  by  the  existence  of  a definite 
neuritis. 

The  SAA-eat^glands,  the  sebaceous  glands,  and  the  hairs  arc  gradually 
I compressed  by  the  surrounding  leprous  infiltration,  and  finally  they  quite 
■ disappear.  In  some  cases  hypertrophy  of  the  arrectores  pilorum  seems 
at  some  time  to  take  place,  and  at  first  there  may  be  also  hyperti  ophy 
of  the  sebaceous  glands  and  an  increased  secretion  of  sebum.  As  the 
groAvth  increases  tOAvards  the  surface  the  epidermis  is  pressed  upon  and 
becomes  attenuated.  The  deeper  parts  of  the  subcutaneous  tissue  and 
the  subjacent  tissues  are  at  first  not  directly^  involved. 

Under  the  micro.scope,  a vertical  section  of  a cutaneous  nodule 
I exhibits,  in  place  of  the  normal  connective  tissue,  Avhich  has  become 
! altered  or  destroyed,  a large  collection,  or  several  clusters,  of  charactci- 
1 istic  lepra-deposit,  forming  a ma.ss  Avhich  is  situated  more  often  in  the 
I , middle  or  deeper  layers,  but  .sometimes  also  in  the  upper  and  papillary 
' layers  of  the  corium.  In  the  older  groAvths,  Avhich  extend  almost  to  the 
I surface,  the  papillary  bod.y  becomes  thinned  Avith  obliteration  of  the 
. papillae  and  thinning  of  the  rete  mucosum  ; but  in  early  nodules  the 
! latter  AAuth  its  interpapillary  processes  may  be  intact,  and  a band  of 
unbroken  connective  tissue  may  be  seen  betAveen  it  and  the  affected  part 
of  the  corium. 

The  masses  of  bacilli  and  cells,  thus  constituting  the  nodule,  are  at 
first  principally  grouped  around  the  vessels,  nerves,  and  glands,  and  they 
can  be  seen  to  extend  along  the  course  of  the  lymph-channels.  In  a 
subcutaneous  nodule  from  a prepuce  examined  by  myself,  the  ncAv  groAvth 
was  largely  made  up  of  the  immensely  thickened  blood-vessels,  Avhich,  as 
they  entered  the  nodule,  shcAved  a dense  infiltration  of  the  adventitia, 
media,  and  intima,  Avith  obliteration  of  the  lumen. 

Most  of  the  so-called  “lepra-cells”  are  veiy  similar  in  superficial 
appearance,  i.e.  Avhen  unstained  by  bacteriological  methods,  to  the 
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granulation-cells  of  lupus,  syphilis,  etc.  They  vary  in  size  from  that  of 
an  ordinary  leucocyte  to  four  times  that  size  or  more,  and,  when  stained 
with  haematoxylin  or  by  ordinary  histological  methods,  many  of  them 
exhibit  one  or  sometimes  two  Tiuclei.  As  will  be  seen  directly,  they  can 
be  shewn  to  contain  specific  bacilli  in  gi’eater  or  less  numbers,  or  to  l)e 
made  up  of  more  or  less  dense  collections  of  bacilli. 

Occasionally  very  laige  multinucleated  cells,  somewhat  resembling 
the  “ giant-cells  ” of  lupus,  are  seen  in  the  peripheral  or  deeper  parts  of 
the  growth  ; and  these  may  have  arisen  in  several  ways,  for  example, 
by  the  continued  growth  of  one  cell  and  subsequent  proliferation  of 
its  nucleus,  or  bj''  the  swelling  and  coalescence  into  one  mass  of  the 
endothelial  lining  of  a small  vessel  or  capillary.  The  larger  ones  are 
often  vacuolated.  Hansen  and  Thin  believe  that  when  true  “giant-cells” 
are  seen,  the  growth  is  tuberculous  and  not  leprous.  Thoma,  Benoir  and 
Boinet,  and  others,  have  also  described  large  multinuclear  cells  as  sometimes 
preseTit  in  the  leprous  neoplasm.  Bergengriin’s  and  Dohi’s  observations 
place  the  matter  bejmnd  doubt,  viz.  : that  they  do  exist  in  lepromas; 
these  observers  shew  that  they  are  formed  by  the  rapid  multiplication 
of  the  lymphatic  endothelial  cells  and  their  fusion  into  a plasmodial  mass 
as  suggested  above. 

Besides  undergoing  fibrous  transformation  within  their  substance,  fully 
developed  nodules  may  exhibit  desquamation,  vesicles,  or  pustules  on 
their  surface,  or  they  may  ulcerate  and  become  covered  with  crusts. 
The  sections  shew  that  during  desquamation  the  stratum  granulosum  and 
the  eleidin  granules  have  diminished  or  disappeared,  but  that  there  is 
little  change  in  the  greater  part  of  the  cells  of  the  stratum  corneum. 
Vesicles  and  pustules,  on  the  other  hand,  are  produced  by  a raising  of 
the  whole  epidermis  or  by  cleavage  of  its  layers.  When  ulceration  has 
set  in  there  is  rapid  destruction  of  the  nodule,  and  cells  and  detritus  are 
thrown  off  in  great  quantity. 

Sections  taken  by  me  from  one  of  the  erythematous  macules  in  an 
early  stage  of  the  disease,  in  a boy  at  the  Westminster  Hospital,  shewed 
an  infiltration  of  the  corium  Avith  an  irregular  cell-growth,  in  Avhich  some 
large  jnultinucleated  cells  were  also  scattered.  In  this  case  no  bacilli 
were  then  observed,  although  they  were  found  in  abundance  in  suhse- 
(piently  developed  nodules. 

The  microscopical  examination  of  a portion  of  skin  excised  from  an 
anesthetic  patch  of  a case  of  smooth  leprosy  of  two  and  a half  years’ 
standuig  shewed  principally  a generalised  fibroid  transformation  of  the 
corium  Avith  more  or  less  obliteration  of  glands,  ducts,  hair  - follicles, 
nerves,  and  vessels.  In  sections  from  a more  recent  case  this  change 
Avas  less  coni[)letc,  and  thei’e  Avas  a more  extensiAm  infiltration,  especially 
near  the  vessels,  of  an  irregular  cell-groAvth ; no  bacilli  Avere  seen. 
1 have  given  more  detailed  accounts  in  Hillis’s  book. 

Mucous  Mnnhranes. — The  neoplastic  lesions  of  the  mucous  meml)rano 
of  the  mouth  and  throat  are  very  similar  to  those  of  the  skin,  hut 
the  nodules  ai-c  softer  in  comsistence,  and  iA.sually  of  a pale  red  or 
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livid  colour,  or  sometimes  dull  gray  and  opaline.  They  ulcerate  more 
reailily. 

There  are  two  chief  varieties  of  the  leprous  tongxie.  In  the  first,  the 
dorsum  may  be  covered  with  discrete  nodules,  vaiying  in  size  and 
quickly  ulcerating,  and  separated  by  furrows.  Under  the  microsco2)e 
the  new  growth  is  made  up  chiefly  of  embi’vonic  cells,  with  comparatively 
few  tyjiical  lepra-cells,  and  their  vascularity  is  slight;  in  many  parts 
they  shew  fibrous  transformation.  The  growth  may  bo  seen  extending 
thi'ough  the  mucosa  and  submucosa  to  the  muscles,  the  fibres  of  which 
are  sei)arated  and  destroyed.  In  the  second,  the  dorsum  is  occu2)icd 
by  a ditl'use  lefirous  infiltration,  and  divided  into  I'aised  areas  by  longi- 
tudinal and  ti'ansverse  grooves ; the  ejhthelium  often  becomes  detached 
in  grayish  flakes.  The  neojilasm  in  these  cases  is  almost  entirely  com- 
posed of  the  lei:>ra-cells,  and  there  is  no  tendency  to  fibrous  transforma- 
tion. As  the  result  of  ulceration  and  cicatrisation  of  the  growth  in  the 
lips,  the  mouth  may  become  extremely  stenosed  and  incajjable  of  being 
oj>ened. 

The  leprous  infiltrations  of  the  pharynx,  laiynx,  and  other  mucous 
membranes  exhibit  very  similar  microscopical  characters.  The  edge  of 
the  ei>iglottis  is  often  affected  very  early,  becoming  thickened  and 
lobulated  ; and  idtimately  many  of  the  ligaments,  muscles,  and  cartilages 
of  the  larynx  may  become  infiltrated  with  new  growth,  leading  to  ulcera- 
tion and  cicatricial  contraction.  In  this  way,  as  well  as  by  occlusion 
from  projecting  nodides,  the  glottis  may  become  comidetely  stenosed. 

Xares. — The  nerve-trunks  most  frequently  invaded  by  the  leprous 
gi’owth  are  the  median  and  idnar  in  the  up»per  extremity,  and  the 
posterior  tibial  and  peroneal  in  the  lower.  The  facial  and  the  radial  are 
also  commonly  invaded.  According  to  Danielssen  the  cutaneous  2)almar 
ner\-e  is  the  first  affected ; but,  indeed,  any  nerve  maj^  be  attacked 
sooner  or  later.  Ijeloii'  describes  three  cases  in  which  the  recurient 
laryngeal  was  affected,  and  he  thinks  that  in  this  way  the  a^dionia  so 
often  present  may  sometimes  be  ]woduced.  It  can  be  shevui  that  the 
discoloured  and  anaesthetic  patches  of  skin  are  in  direct  relation  -to 
deposit  in  nerves  supplying  the  parts,  and  theii'  irregular  distribution  is 
ex]dained  by  the  fact  that  oidy  cei'tain  groups  of  fibres  may  be  implicated. 
To  the  naked  eye  the  disea.sed  nerve  shews  along  its  course  fusifoian, 
reddish-gray  swellings,  often  marked  with  yelloAvish  streaks  of  fatty 
degeneration  ; and  the  deposit  may  have  a ti-aiislucent  or  gelatinous 
appearance.  These  thickened  segments  may  be  twice  or  four  times  the 
diameter  of  the  rest  of  the  nerve-trunk,  and  they  are  often  larger  where 
the  nerve  is  more  su])erficial,  for  example  behind  the  internal  condyle  of 
the  humerus,  or  below  the  head  of  the  fil)ula,  in  which  y)ositions  they  can 
frequently  be  felt  by  the  observer’s  finger. 

Microscopically  the  leprous  neuritis  is  similar  to  that  mejitioned  in 
connexion  with  the  nerves  passing  through  a cutaneous  nodule.  The 
swellings  arc  chiefly  due  to  the  presence  of  numei'ous  leiwa-cells,  which 
infiltrate  the  perineurium  and  jiroduce  a perineuritis  ; they  are  also  to  be 
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seen  situated  in  the  endoneurium,  and  between  the  individual  nerve- 
fil)res,  giving  rise  to  neuritis  and  degeneration.  Hyaline  thickening  of 
the  neurilemma  may  ensue,  the  axis-cylinders  become  disintegrated,  and 
the  whole  fibre  altered.  In  old-standing  cases,  in  winch  the  activity  of 
the  disease  has  been  arrested,  the  nerve-trunk  may  be  atrophied,  and 
represented  only  by  a cord  of  fibrous  tissue. 

Liimpludk  Glands. — The  lymphatic  glands  are  sometimes  invaded, 
and  may  then  be  enormously  enlarged,  the  neoplasm  reaching  them 
through  the  lymphatic  vessels  coming  from  the  parts  affected — es])ecially 
in  the  nodular  cases.  Those  most  frequently  engaged  are  the  femoral 
glands — from  arrest  of  leprous  material  from  nodules  or  ulcers  in  the 
lower  extremity,  and  the  cervical — from  disease  in  the  larynx,  etc.  ; hut 
the  axillary,  bronchial,  mesenteric,  lumbar,  and  other  glands  may  also  he 
affected.  It  must  not  be  forgotten,  however,  that  these  glands,  especially 
those  connected  with  viscera,  are  also  frequently  enlarged  from  concurrent 
tuberculosis.  Under  the  microscope  the  adenoid  tissue  is  seen  to  he 
more  or  less  replaced  by  lepra-cells ; and  in  old  cases  there  is  sclerosis, 
with  thick  bundles  of  connective  tissue.  Caseation,  moreover,  may  take 
place,  ^ and  occasionally  the  whole  gland  may  suppurate. 

The  testes  are  often  the  seat  of  leprous  deposit,  although  in  some 
cases  there  may  be  no  naked-eye  appearance  of  its  presence  ; the  gland 
is  sometimes,  however,  tough  and  hard  to  out.  The  microscope  shews 
an  inorease  of  connective  tissue,  with  the  characteristic  cells  among  the 
fibres. 

The  liver  may  not  shew  any  naked-eye  change ; the  leprous  growth, 
which  is  sometimes  present,  occurs  as  a diffuse  infiltration,  principally 
in  the  interlobular  connective  tissue,  and  causes  a mild  form  of  interstitial 
hepatitis. 

The  spleen  shews  no  naked-eye  changes,  but  bacilli-bearing  cells  may 
be  found  in  profusion. 

The  remaining  abdominal  organs  likewise  shew  no  well  - marked 
alterations  to  the  naked  eye. 

• The  Spinal  Cord.  — Danielssen  and  Boeck  described  sclerosis  and 
meningitis  of  the  cord ; Tschivilow  found  changes  in  the  posterior  cornua 
— the  gray  matter  opaque  and  granular,  the  vessels  lessened  in  number, 
and  a cellular  infiltration  of  the  lym]ihatic  sheaths  ; spinal  lesions  have 
also  been  alluded  to  by  other  pathologists  (e.g.  Voit).  On  the  other 
hand,  many  observers,  including  Hansen,  Neisser,  and  Bake,  have  failed 
to  find  anything  definite  in  the  spinal  cord.  The  ataxia  sometimes 
present  in  advanced  cases  may  be  due  to  lesions  in  the  posterior  columns, 
independently  of  leprosy. 

After  this  account  of  the  grosser  specific  changes  in  the  various 
organs,  brief  mention  may  be  made  of  certain  affections,  whose  precise 
relation  to  leprosy  is  not  as  yet  clearly  understood. 

’ Hansen  maintains  that  caseation  never  occurs  in  the  leprous  tissue,  and  that  its  presence 
indicates  tuberculosis. 
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Ttihcrcnlosis  is  extremely  common  in  lepers,  in  the  hist  109  autopsies 
at  the  Trinidad  Asylum  tuliercle  of  one  or  more  serous  membranes  was 
I found  in  00  instances,  or  in  30  per  cent.  Guinea-pigs  inoculated  with 
•I  material  from  the  autopsies  readily  manifested  tuberculosis.  As  the 
(leaths  from  the  latter  disease  at  the  Trinidad  General  Hospital  during 
it  the  same  period  were  only  per  cent,  we  may  assume  that  lepers  are 
I more  liable  to  tuberculosis  than  other  people. 

li'enal  disease  is  even  more  frequent.  In  the  same  109  autopsies  35 
i of  the  cases,  or  33  per  cent,  shewed  some  form  of  nephritis;  while  in  the 
I General  Hospital  otdy  7^  per  cent  of  the  deaths  were  due  to  nephritis. 

I In  none  of  the  kidneys  of  the  above-mentioned  35  ctises  was  there  any 
: specific  leprous  invasion.  The  disease  was  })robably  due  to  septic  absorp- 
I tion  and  toxamiia,  and  possibly  also  to  the  increased  strain  tluown  on  the’ 
1 kidneys  by  the  destruction  of  the  sweat-glands  so  common  in  lepros3^ 

■Absorption  from  leprous  ulcers  or  abscesses  sometimes  produces 
1 pyiemic  infarcts  in  the  viscera,  and  sometimes  lardaceous  changes  occur, 

; especially  in  the  liver  and  spleen. 

Hillis  and  Arning  have  described  specific  ulceration  of  the  large 
i intestine  in  leprosy ; but  in  Trinidad,  when  such  ulcers  were  present, 
li  they  appeared  to  be  associated  with  kidney  disease,  or  due  to  causes  un- 
it connected  with  leprosy. 

Bacteriology. — That  leprosy  is  due  to  the  presence  in  the  system  of 
; a specific  micro-organism  is  now  admitted  by  all  pathologists.  Its  dis- 
' covery  was  made  by  Armauer  Hansen  in  1871,  although  a suspi- 
1 cion  of  the  existence  of  something  of  the  kind  seems  to  have  been  in 
the  minds  of  other  observers  before  that  date.  Both  Virchow  and 
Vandyke  Carter  had  called  attention  to  the  presence  of  granular  mattej- 
: in  the  typical  lepra-cells,  and  Sir  P.  Manson  had  actually  attempted  the 
' cultivation  of  the  “germ,”  which  he  believed  to  exist  in  the  cells  and 
juice  of  the  nodules ; but  the  Norwegian  investigator  was  the  first  to 
recognise  in  the  granules  the  microbe  which  he  named  the  Bacillus 
lepra'. 

In  1874  Hansen  published,  in  Norwegian,  an  account  of  his  discovery, 

; and  again,  in  1880,  a still  fuller  report  in  German,  with  drawings  of  the 
bacillus.  In  the  same  year  Neisser,  working  at  the  San  Lazaro  Hospital, 
Granada,  and  employing  the  new  aniline  dyes,  placed  Hansen’s  discovery 
beyond  doubt;  within  the  next  few  years  the  bacilli  were  found  in 
leprous  material  from  all  pai'ts  of  the  world.  It  may  now  be  affirmed 
that  the  bacillus  is  existent  in  the  body  of  every  leper  at  some  period,  at 
I least,  of  the  disease,  and  that  it  never  occurs  in  the  bodies  of  those  who 
' are  not  lepers. 

Mm'phologi/.- -The  organism  is  a rod-like,  vegetable  parasite,  belonging 
< to  the  Schizomycetes  or  fission-fungi.  Its  length  is  half  to  three- 
I quarters  the  diameter  of  a human  red  blood-corpuscle,  and  its  breadth 
about  one  - fifth  of  its  length.  Each  rod  has  an  outer  mucilaginous 
I envelope,  the  innermost  layer  of  which  retains  the  aniline  dye,  and  thus 
I the  internal  structure  of  the  bacillus  may  be  obscured.  There  can,  how- 
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ever,  lie  made  out  with  very  high  powers,  within  the  substance  of  the 
bacillus — (1)  Highly  refracting  oval  spoies;  (2)  ordinary  protoplasm; 
and  (3)  granules.  With  certain  reagents,  such  as  iodine,  strong  sulphuiie 
acid,  boi-ax- methyl -blue,  luTematoxylin,  and  osmic  acid,  these  granules 
stain  deeply,  the  protoplasm  remaining  unstained.  A beaded  appearance 
may  thus  be  produced.  Hansen  considers  that  the  “ spores  ” and 
“granules”  are  mei’ely  evidences  of  the  disintegration  of  the  bacillus. 
Although  s]3ores  have  been  discovered  within  the  bacillus  they  have  not  iis 
yet  been  seen  free.  The  parasite  multiplies  by  transverse  fission,  and  is 
noii-motilc. 

The  bacilli  of  lejirosy  and  of  tuberculosis  resemble  one  another  in 
certain  respects,  especially  in  their  staining  properties.  When  stained 
with  a solution  of  fuchsin,  or  some  other  aniline  dyes,  in  water  containing 
aniline  oil  (or  5 per  cent  of  carbolic  acid),  they  can  both  be  exposed  to 
the  action  of  certain  mineral  acids  for  a short  time  without  being  de- 
colorised, or  are  “ acid-fast  ” ; thus  differing  from  most  other  bacilli,  which 
when  bi  ought  into  contact  with  the  acid  immediately  lose  their  stain.  If, 
however,  a simple  watery  solution  of  fuchsin  (without  any  mordant)  he 
used,  the  lepro.sy  bacilli  alone  will  retain  the  stain  after  immersion  in 
dilute  nitric  acid.  Other  points  of  difference  are  as  follows  : — 

(I)  Lepro.sy  bacilli  are  generally  present  in  sections  in  immense 
numlicrs  or  in  masses,  and  are  not  sparsely  scattered  as  are  those  of 
tuberculosis  ; (2)  they  occur  jiriiicipally  in  dense  collections  in  the  lymph- 
spaces,  are  not  usually  solitary  or  in  small  groups  as  in  tuberculosis,  atul 
not  typically  in  giant-cells  when  these  are  present;  (3)  they  are  individu- 
ally rather  smaller. 

Although  they  can  be  shewn  by  treating  fresh  tissue  with  solution  of 
potash,  and  by  Amrious  aniline  dAm  methods,  they  are  Avell  demonstrat:ed 
in  the  following  manner  : — 

(1 ) The  juice  expressed  from  a nodule,  or  the  discharge  from  a leprous 
ulcer,  is  smeared  over  a thin  cover-glass,  dried  and  fixed  as  a thin  film  hy 
passing  through  a smokeless  flame ; or  a thin  section  of  a leprous  gi'owth 
may  be  spread  out  on  the  cover-glass  ; (2)  the  latter,  Avith  the  dried 
material  upon  it,  is  immersed  or  floated  face  doAviiAvards  for  about  tiveh^e 
minutes  (sections  may  require  a longei-  time)  in  Avarmed  Ziehl’s  solution, 
prepared  by  adding  to  distilled  Avater  100  c.c.,  carbolic  acid  5 gramme.s, 
alcohol  10  C.C.,  and  fuchsin  1 gramme;^  (3)  the  preparation  is  then 
decolorised  by  placing  it  for  a fcAv  minutes  in  2o  per  cent  nitric  acid; 
(4)  sub.sequently  it  is  passed  through  60  per  cent  alcohol ; and  (.’i)  finally 
Avell  Avashed  in  distilled  Avatcr. 

The  cover-glass  may  noAv  lie  examined  at  once  in  Avater ; or,  better,  it 
may  be  dried,  cleared,  and  mounted  in  xylol-balsam.  Sections  should  be 
dehydrated  by  soaking  in  absolute  alcohol,  then  passed  through  bergamot 
or  clove  oil  and  mounted  in  xylol-balsam.  In  all  cases  a ground,  or  con- 
trast, stain  of  methylene  blue  or  iodine  green  may  be  superimposed  by 
steeping  the  prejiaration  in  a dilute  aqueous  solution  of  the  dye,  after  the 

’ Ehrlich’s  solution  is  also  efficacious. 
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I lacid  lias  been  washed  out ; or  Gablielt’s  acid-blue  solution  may  be  used 
j in  place  of  the  nitric  acid  and  separate  ground-stain. 

Thus  }>repare*l,  the  leprosy  bacilli  are  seen  as  bright-red  beaded  rods ; 
the  elements  of  the  tissue  having  lost  the  red  colour  through  the  action 
' of  the  acid.  It  has  been  found  that  liacilli  which  have  been  in  alcohol 
• take  the  stain  better  than  those  which  are  treated  (.lirectl3^ 

Leprosy  bacilli  are  very  resistant.  Kobner  found  them  in  a fragment 

■ of  tissue  which  he  had  left  forgotten  in  a piece  of  paper  for  ten  yeai's. 

. Til  Trinidad  they  were  found  in  the  remains  of  a nodule  which  had  been 
I linserted  beneath  the  skin  of  a fowl  two  years  before.  The  bacilli  still 
> took'  the  characteristic  stain,  though  the  nodule  was  reduced  to  caseous 
I .detritus.  Leloir  had  a similar  experience  with  nodules  which  had  re- 

imained  two  years  and  a half  in  the  peritoneal  cavities  of  guinea-pigs, 
i He  also  dried  a piece  for  twelve  da\'s  in  a stove,  and  on  making  sections 
found  numerous  bacilli  which  took  Ehrlich’s  stain.  As  has  been  truly 

■ remarked  by  Arning,  we  cannot  at  present  say  with  certainty,  by  our 
histological  methods,  whether  leprosy  bacilli  under  examination  be  alive 

■ or  ilead. 

B}’  a .special  mode  of  preparation  of  the  tissue,  Unna  came  to  the 

■ conclusion  that  the  bacilli  of  leprosy  are  never  contained  in  cells;  but 
IKake  and  myself,  and  other  observers  (Thin,  Hansen),  are  satisfied  that 

nucleated  cells  containing  bacilli  can  easily  be  demonstrated  by  double 
-staining  in  the  nodule,  as  well  as  in  a scraping  from  a leprous  ulcer. 

It  may  now  be  stated  that  the  bacilli,  in  addition  to  lying  within 
cells,  also  largely  exist  free  in  the  intercellular  substance  and  among  the 
elements  of  the  tissue.  In  whatever  way  the  siDecimens  are  prepared,  as 
-sections  or  as  cover-glass  films,  a number  of  cells  may  be  injured  or 
broken  uji  by  the  process,  and  their  contained  bacilli  set  free.  Moreover, 

' a lepra-cell  may  disintegrate  in  the  course  of  nature,  and  leave  a group 
of  bacilli  in  its  place.  It  is  also  probable  that  the  secretions  from  the 
'’bacilli  have  a directly  poisonous  effect  on  the  tissue-elements  in  the 
i neighbourhood,  and,  setting  up  inflammation,  cause  an  accumulation  of 
leucocytes.  The  latter  may  then,  like  phagocytes,  take  up  bacilli, 
’become  enlarged,  ultimately  .suffer  disintegration  of  the  nucleus  and 
altei'ation  of  the  cell-substance,  and  finally  be  represented  by  detritus 
and  bacilli  which  have  perhaps  meanwhile  multiplied.  None  of  these 
considerations,  however,  are  sufficient  to  explain  the  appearances  so 
ably  demonstrated  by  Unna,  Bergengriin,  and  Gerich  and  Herman, 
who  ha\  e proved  that  the  majority  of  the  bacilli  of  a lejirous  nodule 
occur  in  cylindrical  and  irregularly  branching  masses  chiefly  occupying 
the  lymph  and  vascular  channels.  Herman  has  also  shewn  that  in 
young  or  recent  nodules  similar  masses  of  bacilli  exist  which  do  not 
retain  the  red  stain  after  immersion  in  weak  acid,  but  are  easily  subse- 
quently coloured  with  methylene  blue.  If,  as  he  supposes,  it  is  only  the 
older  fuchsin-stained  bacilli  that  are  resistant  to  the  acid  treatment,  we 
may  have  some  explanation  of  the  general  failure  to  recognise  leprosy 
bacilli  in  the  attempted  cultivations,  as  will  be  shewn  further  on. 
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In  nodules  and  in  affected  organs,  brown  masses  or  “globi”  (Neisser) 
are  often  seen.  These  are  dense  collections  of  bacilli,  more  or  less  broken 
up  into  granules,  and  are  jn'obably  thrombi  formed  in  the  13'mphatics. 

DidrUnition  withm  the  Bodij. — The  leprosy  bacillus  is  by  no  means 
evenly  distributed  throughout  the  body — it  may  be  found  in  any  viscusj 
or  tissue,  or  even  in  all  (Cornil  and  Babes),  but  far  more  commonly  in 
some  than  in  others.  In  the  trophoneurotic  cases  it  is  exceedingly  rare, 
except  in  certain  nerves.  Hansen  and  Kblmer  have  described  them  ;\s 
occurring  in  the  blood,  and  Leloir  found  them  in  that  fluid  in  one  case 
out  of  five  examined.  In  no  case  in  Trinidad  have  they  been  found  in 
the  blood,  althougli  observations  were  made  during  the  acute  outbreaks; 
and  this  has  hitherto  been  the  experience  of  most  other  observers  with 
blood  drawn  uncontaminated  by  leprous  skin  or  bacilli-bearing  tissues. 
Hansen  figures  them  in  leucocytes  within  blood-vessels  and  in  the 
endothelium  of  the  latter ; more  recently  they  have  been  found  in  the 
blood  by  Horder,  Shoemaker,  Boston,  and  others.  They  have  been 
found  in  the  fluid  of  blisters  raised  over  cutaneous  nodules,  but  not  in 
blisters  over  anaesthetic  patches.  The  juice  expressed  from  a leprous 
nodule  contains  them  in  abundance,  as  does  the  purulent  discharge  from 
the  ulcerated  nodules.  In  a few  cases  only  have  they  been  seen  in  the 
discharge  from  ulcers  of  amesthetic  lepers. 

When  there  is  leprous  ulcei'ation  of  the  mouth,  nose,  or  pharynx,  the 
bacilli  are  found  in  the  patient’s  saliva.  They  have  also  been  seen  by 
Babes  and  Kalindero  in  vaginal  mucus  ; but  the  Indian  Leprosy  Com- 
mission, who  made  a few  observations  on  the  point,  were  not  successful 
in  finding  them. 

The  sputum  of  cases  in  which  the  larynx  is  affected  ma}^  contain 
them  in  considerable  quantity.  In  one  instance  they  were  found  by  the 
Commission  in  the  faeces  of  a leper  in  whose  saliva  they  had  previously 
been  demonstrated. 

They  have  been  seen  by  Calabrese  in  urine ; but  they  have  not  been 
reported  in  menstrual  discharge. 

The  tissue  in  which  the  bacilli  are  found  in  the  greatest  profusion  is 
undoubtedly  the  corium  of  the  skin.  When  the  leprous  groAvth  is  fully 
developed,  sections  stained  for  bacilli  may  shew  masses  of  the  latter  so 
closely  approximated  that  but  little  else  can  l)e  seen  in  the  field. 

Tlie  bacilli  have  been  found  in  the  rete  mucosum  between  the  cells 
of  the  palisade  and  other  layers,  and  they  have  also  been  demonstrated 
in  the  hair-follicles.  They  have  not  been  demonstrated  by  Dr.  Bake  or 
myself  in  the  cutaneous  anaesthetic  patches  of  the  trophoneurotic  cases, 
nor  has  either  of  us  seen  them  in  the  maculae  or  erythematous  patches 
of  early  leprosy,  except  in  one  instance  by  myself ; Hansen  and  others, 
however,  appear  to  have  found  them  with  ease,  especially  in  the  recent 
spots.  In  the  nerves  of  the  anaesthetic  cases  as  well  as  of  aidvanced  cases 
of  dermal  lepros}? — wherever  the  nerve  enlargements  exist — the  bacilli 
are  found  throughout  the  neoplasm,  within  the  cells  in  the  sheaths, 
between  the  nerve-fibres,  and  also  apparently  free.  They  are  .said  to  be 
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jtcess  numerous  in  the  nerves  of  the  purely  trophoneurotic  cases  than  in 
|those  of  the  “mixed”  cases.  In  very  old  or  arrested  cases  of  the  former, 
iiii  which  the  nerve-trunk  has  become  atrophied,  the  fibres  degenerated, 
ind  the  leprous  cells  disiutegrated,  the  bacilli  may  be  veiy  few  or 
■■  iltogether  absent. 

O 

They  are  often  found  in  the  femoral  lymphatic  glands,  esijecially  in 
old-standing  nodular  or  “mixed  ” cases. 

kThe  distribution  of  leprosy  bacilli  in  other  organs  of  the  body  and  in 
e viscera  seems  to  follow  no  general  law.  In  the  Trinidad  autopsies 
1 ::nentioned  above,  the  li^■er,  spleen,  and  testes  were  most  commonly 
j^mvaded.  In  the  liver  the  bacilli  are  found  in  the  new  connective 
I tissue  between  the  lobules,  as  well  as  in  the  lobule  itself,  among  the 
I hepatic  cells ; and  have  also  been  described  in  the  substance  of  the 
I hepatic  cells,  in  the  lymphatic  spaces,  and  in  the  small  branches  of  the 
" portal  vein.  In  the  spleen  they  are  seen  in  the  splenic  cells  as  well  as 
between  them,  and  in  the  testis  the  bacilli  are  found  principally  in  the 
i increased  connective-tissue  around  the  tubules,  and  occasionally  within 
• the  tubnli  seminiferi  themselves,  and  in  the  epididymis.  The  bacilli  are 
; much  less  commonly  found  in  the  kidney — of  77  kidneys  examined  at 
• ITrinidad,  they  were  present  in  7 only — in  the  glomeruli,  and  in  the 
■endothelium  of  the  renal  vessels. 

Among  other  organs  in  which  they  have  been  found  are  the  ovary 
■ (Arning),  the  intestinal  wall,  the  mesenteric  and  lumbar  glands,  in  bone- 
■ f marrow  and  Haversian  canals  (Delepine  and  Slater),  and  in  striped 
: muscle-pei’imysium,  endomysium,  and  fibre.  Chassiotis  has  described 
leprosy  bacilli  in  the  brain,  but  they  were  never  seen  at  Trinidad  either 
in  the  brain  or  spinal  cord,  although  frequently  sought ; in  one  case  they 
u.  existed  in  the  superior  cervical  ganglion  of  the  sympathetic. 

I In  the  lungs  undoubted  leprosy  bacilli  are  probably  rare.  Bonome 
and  Arning  have  described  them,  but  they  were  never  seen  in  the  Trini- 
dad autopsies.  On  the  other  hand,  as  we  have  seen,  pulmonary  phthi.sis 
i is  common  among  lepers,  and  in  such  cases  the  bacilli  of  tuberculosis  are 
) abundant  in  the  pulmonary  tubercles  and  in  the  sputum.  Dainaschino 
I has  found  the  bacilli  of  both  leprosy  and  tuberculosis  in  the  lungs  of  a 
I leper,  as  I too  have  done  in  one  case.  I have  demonstrated  leprosy 
' bacilli  in  abundance  in  the  trachea  of  another  patient  who  died  with 
I extreme  leprous  stenosis  of  the  glottis. 

IHsfriJmtion  outside  the  Body. — Very  little  is  known  concerning  the 
' distribution  of  the  leprosy  bacilli  outsiclc  the  human  body.  Kaurin,  after 
numerous  experiments,  failed  to  find  the  bacillus  in  the  earth,  or  in  the 
dust  and  air  of  the  rooms  inhabited  by  lejicrs.  Li  Trinidad,  examination 
of  the  soil  of  graves  of  lepers  did  not  shew  any  bacilli  ; and  observations 
made  on  salt  fish,  salt  pork,  etc.,  in  the  asylum  were  negative.  At  the 
Almora  Asylum  the  Leprosy  Commissioners  prepared  100  cover-glasses 
from  earth  taken  from  the  banks  and  paths  on  which  the  lepers  were 
in  the  habit  of  sitting  and  walking.  In  7 of  the  cover-glasses  only 
were  bacilli  found,  to  the  number  of  10  altogether.  At  the  Tarn  Taran 
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Asylum  450  similar  specimens  were  prepai-ecl,  but  no  bacilli  were  found. 
Water  from  tanks  at  Bombay  and  Tarn  Taran  in  which  leiiers  bathe  also 
gave  negative  results,  although  they  could  be  easily  detected  in  basins  of 
watei’  in  which  leprous  ulcers  had  been  washed.  A large  number  of 
examinations  of  fish,  dried  and  fresh,  in  Burma,  Bombay,  and  Darjeeling, 
also  failed  to  shew  the  bacilli.  Flies  and  moscpiitoes  were  allowed  to 
feed  on  discharges  from  ulcers  and  on  leper’s  blood,  and  were  afterwards 
examined  for  bacilli,  but  with  no  positive  result. 

Cultiraiim  ExperimenU. — .Since  its  discoveiy  numberless  attempts  have 
been  made  by  pathologists  to  cultivate  the  bacillus  outside  the  body,  but 
up  to  the  present  time  without  undoubted,  absolutely  certain,  and  well- 
confirmed  success. 

Hansen  kept  leprous  blood  in  a moist  chamber,  ami  obtained  a 
mycelial  growth,  which,  as  he  afterwai'ds  admitted,  had  nothing  to  do 
with  the  leprosy  bacillus.  Neisser  inoculated  blood -serum  with  frag- 
ments of  leprous  tissue,  and  kept  pus  and  juice  from  nodules  in  sealed 
capillary  tubes.  From  these  exi)erimeuts  he  described  three  different 
bacilli,  which,  however,  he  failed  to  cultivate  in  generations.  Aniing,  in 
Hawaii,  allowed  pieces  of  leprous  tissue  to  macerate  in  water,  and 
observed  a multi[)lication  of  the  bacilli,  as  also  in  the  tissues  of  a 
deceased  leper  who  had  been  buried  for  three  months. 

These  observations  were  repeated  at  Trinidad  without  positive  result, 
and  numerous  experiments  were  7uade  Avith  various  media — including 
blood-serum,  ascitic  and  hydrocele  fluid  from  lepers,  and  combinations 
of  them  with  agar,  glycerin- jelly,  etc.  (Growths  of  mici'ococci  Avei'e 

frequently  obtained,  but  never  leprosy  bacilli.  In  1S87  Bordoni- 
Uffreduzzi  announced  that  he  had  been  successful.  He  had  placed 
portions  of  bone-marrow,  in  which  he  had  found  free  bacilli,  in  peptone- 
glycerin-serum,  and  obtained  cultui-es  of  a small  bacillus,  often  bulbous 
at  the  ends  and  resembling  those  found  in  the  tissues,  but  retaining  the 
fuchsin  stain  with  more  difficulty.  Inoculations  of  animals  with  the 
cultivated  bacilli  were  negative.  Giantusco  subsequently  obtained  a 
cultivation  which  Bordoni-Ufli’cduzzi  considered  identical  with  his  own, 
and  Campaua  has  more  recently  described  a third  bacillus  cultivated  fi’om 
leprosy  material.  A careful  examination  of  specimens  from  all  these 
cultures  is  not  convincing. 

Culture  experiments  were  carried  out  in  India  by  the  members  of  the 
Leprosy  Commission,  Avho  also  thought  at  first  that  they  had  been  suc- 
cessful. In  one  series  of  obsei'vations  sterilised  capillary  tubes  containing 
blister  fluid  from  healthy  skin  were  inoculated  Avith  ffiiid  from  blisters 
over  leprous  nodules.  The  tubes  AAmre  canned  about  in  the  axilla  of  one 
of  the  observers  for  a mouth,  and  bacilli  somcAvhat  resembling  those  of 
leprosy  Avere  then  found  in  them.  Subcultuies  in  glycorin-boitillon  gave 
a groAvth  of  bacilli,  Avhich  retained  a piidc  stain  after  treatment  Avith 
Ziehl’s  solution  and  dilute  iiitric  acid,  but  the  bacilli  Avere  shorter  and 
thicker  than  those  obtained  from  the  leprous  tissues.  Further  sub- 
cultures resisted  the  action  of  the  acid  still  less.  Inoculations  in  animals 
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, .'wero  without  eflect.  I have  myself  employed  a medium  containing  hioth 
'made  from  the  tissues  of  a leper  with  peptone,  glycerin,  and  agar.  A 
.growth  seemed  to  take  place  at  first,  but  afterwards  disappeared,  and 
'attempts  at  subcultures  proved  futile.  Scholz  and  Klingmiiller  have  also 
;ifaileil  in  numerous  attempts.  Babes,  E.  Levy,  Czaplewsky,  Spronck, 
Kedrowski,  and  several  others  have  re])orted  the  cultivation  of  a “ diph- 
:theroid  Itacillus  ” from  cases  of  leprosy,  differing  from  Hansen’s  in  staining 
reactions,  but  which  is  specifically  agglutinated  by  the  serum  of  leprous 
blood.  Spronck’s  grew  well  in  fish  bouillon,  ^'an  Houtum  believes  that 
: he  succeeded  in  Ceylou  in  cultivating  a bacillus  which  is  the  true  morbid 
' agent  of  leprosy,  although  it  differs  from  Hansen’s  bacillus  in  its  staining 
tr reactions  and  in  size.  Carrasquilla  and  Host  have  published  supposed 
(Successful  results.  Rost  states  that  the  smallest  trace  of  common  salt 
iin  the  medium  prevents  the  growth.  His  experiments  were  lepeated, 
but  have  not  been  confirmed  in  India  or  by  Tidswell  in  New  South 
, ’ Wales.  E.  Weil  reports  partial  success  by  means  of  agar  medium  contain- 
liing  yolk  of  egg.  The  remarkable  difficulty  so  far  of  cultivating  the 
il  bacillus  of  leprosy  contrasts  strongly  with  the  ease  with  which  the  bacillus 
< of  tuberculosis  can  be  grown  outside  the  body,  and  forms  indeed  an  im- 
I]  portant  distinction  from  it. 

Inomlalion  of  Animals. — An  enormous  number  of  attempts  have  been 
■ made  to  get  the  leprosy  bacillus  to  grow  in  the  bodies  of  animals,  but  in 
very  feAv  instances  has  there  been  any  spread  or  multiplication  of  the 
]■  organisms  beyond  the  immediate  neighbourhood  of  the  inoculation. 
J Neisser  inserted  a piece  of  leprous  tissue  beneath  the  skin  of  a dog,  and 
subsequently  found  a gi’owth  of  bacilli  at  the  site  of  the  inoculation. 
\ Damsch  and  Vossius  introduced  portions  of  a nodule  into  the  anterior 
V chamber  of  rabbits’  eyes,  and  described  infiltration  of  the  iris,  ciliary 
j bod)’’,  and  Hescemet’s  membrane  with  cells  containing  lejirosy  bacilli,  but 
1 similar  results  have  been  obtained  by  W'esener,  Leloir,  and  Campana,  by 
i implanting  leprous  material  which  had  been  for  years  kept  in  alcohol. 
] Campana  inoculated  the  vascular  combs  and  wattles  of  fowds,  and  often 
y obtained  a local  inflammatory  swelling  containing  large  cells  which  had 
I taken  up  the  bacilli  in  the  manner  of  phagocytes.  Kdbner  and  Hansen 
J failed  to  infect  monkeys,  and  Hilliaret  and  Gauche  a pig.  \idal  also 
inoculated  a pig,  and  a year  afterwards  he  found  bacilli  in  the  remains  of 
the  implanted  mass,  but  none  in  the  surrounding  tissues. 

Arning,  Kaurin,  Leloir,  and  Thin  have  hitherto  been  unalile  to 
I estaldish  leprosy  in  animals,  and  the  Trinida<l  experience  has  been  the 
I same.  During  a period  of  ten  years  attempts  were  made  with  guinea- 
! pigs,  rabbits,  cats,  pigs,  bats,  fowls,  small  birds,  a dog,  and  a ])ai'i'Ot. 
t Pigs  and  fowls  were  also  fed  at  the  asylum  for  long  periods — some  as 
^ long  as  two  years — with  cutaneous  nodides  and  pieces  of  viscera  fi'om 
li  lepers,  but  no  I'esnlts  were  obtained. 

On  the  other  hand,  Melcher  and  Ortmann,  four  months  after  insei’ting 
I pieces  of  a fresh  nodule  in  the  eyes  of  rabbits,  found  the  ca?cum,  sideen, 
I lungs,  and  lymphatic  glands  infiltrated  with  grow'ths  containing  bacilli. 
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which  were  regarded  as  those  of  leprosy.  This  opinion  was  conhrnied  by 
Arning  and  Kutier,  but  Wesener,  who  repeated  the  e.Kperiments,  came 
to  the  conclusion  that  no  proliferation  of  the  bacilli  had  occurred,  but 
merely  a diffusion  of  those  introduced.  He  and  Hiippe  believe  that 
Melcher  and  Urtmann,  like  many  others,  have  sown  leprosy  and  reaped 
tuberculosis.  Tedeschi  inoculated  a monkey  in  the  spinal  dura  mater. 
Death  occurred  in  eight  days,  and  bacilli  resemlffing  those  of  leprosy 
were  found  in  tlie  new  tissue  at  the  site  of  the  inoculation,  and  in  the 
cerebrospinal  fluid  and  spleen.  In  this  case,  too,  it  is  probable  that  a 
diffusion,  without  proliferation,  of  the  bacilli  had  taken  idace.  Nicolle 
reported  in  1905  the  successful  inoculation  of  a Macaque  monkey  with 
lepros}^  The  evidence  given  above,  though  to  some  extent  conHictiiig, 
may  on  the  whole  be  regarded  as  supporting  the  view  expressed  by 
Besuier — that  lepro.sy  is  strictly  a human  disease  which  cannot  be  trans- 
mitted to  animals. 

Allusion  must  here  be  made  to  the  important  discovery  by  Dr.  Dean 
in  1903,  and  in  the  same  year,  independently,  by  Stephansky  at  Otlessa, 
of  a leprosy-like  disease  in  rats,  characterised  by  neoplasms  in  the  skin, 
glands,  etc.  These  largely  consist  of  enormous  numbers  of  bacilli-beariiig 
cells,  the  bacilli  resembling  tliose  of  lc2:)rosy  in  their  morjahological 
characters,  their  distribution,  their  acid-fast  staining  reactions,  and  their 
difficulty  of  culture.  A “ diphtheroid  bacillus,”  however,  has  been  culti- 
vated from  the  growths  in  two  cases,  which  has  the  remarkal)le  property 
of  being  agglutinated  by  human  leprous  serum.  The  .same  affection  has 
been  described  by  Kubinowitsch  in  rats  in  Berlin  (1903),  and  by  Tidswell 
in  a rat  in  New  South  M'ales. 

Inoculation  in  the  Human  Subject. — A considerable  number  of  persons 
have  from  time  to  time  allowed  themselves  to  be  inoculated  with  leprous 
material  in  order  to  test  whether  the  disease  could  bo  so  communicated, 
but  as  yet  with  no  positive  results.  Danielssen,  Bargilli,  Holst,  and 
Tilsch  made  such  attempts,  but  always  with  a negative  result.  Profeta 
inoculated  himself  and  nine  other  people,  and  sixteen  years  afterwards 
there  had  been  no  evidence  of  the  disease  in  an}'-  of  them.  Hansen 
introduced  material  from  nodular  cases  into  anaesthetic  cases,  but  with  no 
development  of  nodules  in  the  latter,  and  similar  experiments  were  made 
at  Trinidad  with  thirty-three  anaesthetic  lepers — nodulation  appeared  only 
in  one  of  them  four  years  after  the  inoculation.  AVe  have,  however,  already 
seen  that  after  some  years  dei-mal  nodules  may  spontaneously  appear  in 
such  cases.  On  the  other  hand,  Arning  inoculated  au  apparently  healthy 
convict  at  Honolulu,  and  thi-ee  years  later  the  man  manifested  leprosy. 
This  case  has  been  regarded  as  conclusive,  but  it  has  since  been  found  that 
several  members  of  his  family — a son,  nephew,  and  maternal  cousin — had 
also  become  lepers  in  the  ordinary  way.  Indeed,  for  an  experiment  of 
the  kind  to  be  absolutely  conclusive,  it  should  bo  made  in  a country 
where  leprosy  is  not  endemic,  and  on  a subject  who  could  never  have 
been  in  contact  with  the  disease. 

It  cannot,  therefore,  be  admitted  that  the  intentional  inoculation 
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of  the  leprosy  bacillus  in  the  human  subject  has  hitherto  been 
•sixccessful. 

The  Incubation  of  Leprosy. — Many  instances  are  on  record  which 
•shew  that  the  virus  may  I’emain  latent  in  the  body  for  many  years  with- 
out giving  rise  to  any  of  the  symptoms  of  the  disease.  In  the  present 

• state  of  our  knowledge  it  is  impossible  to  speak  of  any  definite  period  of 
incubation  in  connexion  wuth  leprosy.  AVe  do  not  know  whether  its 
entrance  is  marked  by  any  initial  lesion  ; for  although  in  a few  exceptional 
cases  some  slight  traumatic  injury,  with  subsequent  local  inflammation 

• ind  difficulty  of  healing,  was  observed  at  a variable  interval  before  the 
disease  was  suspected,  yet  most  of  the  patients  are  unable  to  point  to  any 
•circumstances  of  the  kind,  or  to  give  any  notion  of  the  date  of  inoculation. 

Instances  have  been  given  of  the  appearance  of  the  disease  only  a 
few  weeks  or  months  after  the  patient  has  come  from  an  unaffected  to  an 
.affected  district ; and  there  are  others  in  which  the  pathognomonic  signs 
ihave  not  been  observed  until  forty  years  after  the  individual  has  been  in 
la  leprous  country,  or  could  possibly  have  been  in  contact  with  lepers. 
[There  has  been  a case  in  London  of  such  retarded  incubation,  shewn 
by  me  at  the  Epidemiological  Society  in  1889,  and  another  Englishman, 
lately  under  my  care,  shewed  no  mark  of  the  disease  for  eleven  years 
.after  coming  back  from  India,  whither  he  had  been  taken  as  a child. 
'Since  his  return  to  this  country  he  has  been  living  in  a small  country 
town,  and  had  no  dealings  with  the  East,  or  with  any  one  or  anything 
therefrom.  A third  instance,  a young  lady  also  under  my  care,  shewed 
no  sign  of  disease  until  seven  years  after  returning  home  from  Ceylon. 

Symptomatology. — Nod^ilar  Leprosy. — “ Tuberculated,”  “ tubercular,” 
■“  nodular- dermal,”  “dermal,”  “cutaneous,”  “hypertrophic”  leprosy. 
Lepra  tuberosa,  L.  tuberculata,  L.  tuberculosa,  L.  dermoplastica,  Lepre 
•systematis6e  tegumentaire. 

At  the  onset  of  this  form  of  the  disease  the  patient  suffers  more  or 
less  from  prodromal  symptoms,  such  as  irregular  rises  of  temperature, 
rigors,  lassitude,  drowsiness,  dyspepsia,  diarrhoea,  headache,  A'ertigo, 
•epistaxis,  and  profuse  perspiration.  These  phenomena  may  be  very 
slight,  or  they  may  be  in  part  or  altogether  absent.  Even  when  well- 
imarked  they  cannot  be  regarded  as  characteristic  of  leprosy ; they  are 
such  as  may  precede  any  specific  febrile  disease. 

As  a r\ile  the  first  positive  indication  of  the  disease  is  the  appearance 
•of  the  leprous  eruption,  which  shews  itself  as  a slightly  raised,  irregular, 
•shiny,  erythema-like  patch  of  a reddish  or  copper  tint  in  white  or  light 
coloured  races,  and  of  a colour  Avhich  hardly  differs  from  that  of  the 
surrounding  skin  in  negroes  and  the  darker  races.  There  is  from  the  first 
distinct  infiltration  of  the  dermis,  and  there  is  usually  some  hypera^sthesia. 
The  parts  Avhich  are  generally  at  first  affected  are  the  lobes  of  the  ears, 
the  alse  of  the  nose,  the  malar  prominences,  the  forehead,  the  eyebrows 
and  root  of  the  nose,  the  lips  and  chin.  Later  the  eruption  appears  on 
the  limbs  (especially  on  the  forearms),  thighs,  and  Ixuttock's. 

These  patches  may  persist,  or  some  or  all  may  decrease  in  size,  and  so 
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far  disappear  as  to  leave  the  skin  at  its  original  level,  with  only  a slight 
brownish  discoloration.  In  some  cases  the  eruption  may  vanish  altogether 
— giving  rise  too  often  to  illusory  hopes  of  cure.  After  a time  febrile 
symptoms  again  occur,  and  a fresh  crop  of  eruption  breaks  out.  This 
may  happen  several  times  before  the  appearance  of  the  characteristic 
leprous  nodules — the  so-called  “ tubercles — which  mark  the  second 
stage  of  the  disease.  These  shew  themselves  as  small  papules  which 
gradually  enlarge  to  the  size  of  a pea,  or  in  the  course  of  time  even  to 
that  of  a pigeon’s  egg.  They  usually  appear  first  on  the  site  of  the 
former  eruption,  but  they  may  also  arise  on  parts  of  the  body  hitherto 
unattected.  They  are  tense,  shiny  masses,  reddish-brown  in  fair  subjects, 
and  rather  darker  than  the  surrounding  skin  in  the  dark  races.  In  the 
former  small  blood-vessels  may  often  be  seen  over  the  nodule,  beneath 
the  tightly  stretched  integument ; and  in  the  latter,  whose  skins  are 
normally  greasy,  the  openings  of  the  largely  developed  sebaceous  glands 
are  usually  evident  and  plugged  with  dirt. 

In  rare  cases,  a definite  primary  eruption  seems  to  be  absent,  one  or 
more  nodules  being  apparently  the  earliest  manifestations  of  the  disease. 
In  one  patient,  in  London,  who  had  come  from  the  West  Indies,  the  first 
symptom  observed  was  “lameness”  in  one  leg;  six  years  afterwards  an 
eruption  appeared  on  the  thigh,  and  in  two  years  later  he  was  a typical 
“ nodular  ” leper. 

As  time  goes  on,  parts  of  the  body  free  from  the  original  eruption 
become  invaded  by  the  new  growths.  They  appear  on  the  hands  and 
fingers,  feet,  shoulders,  arms,  and  more  rarely  on  the  back,  neck,  cliest, 
alidomen,  palms,  and  soles.  Thickening  of  the  skin  on  the  elbows  and 
knees  is  not  uncommon,  but  discrete  nodules  here  are  rare.  The  hairy 
scalp  is  very  rarely  affected.  The  male  mammary  gland  often  becomes 
enlarged  and  the  nipple  nodulated.  The  prepuce  also  is  often  tliickened 
and  infiltrated  by  the  new  growth,  and  micturition  may  be  impeded ; the 
glans  does  not  usually  appear  to  be  affected ; Gliick,  however,  found 
it  infiltrated  in  ten  cases.  Loss  of  hair  from  the  eyebrows  is  often 
observed  early  in  the  case.  The  fingers  and  toes  are  frecpiently  swollen 
and  tapering  without  actual  nodulation,  and  the  nails  break  oil'  in  flakes. 
The  skin  of  the  shins  may  become  tense,  shiny,  and  painful. 

Four  distinct  varieties  of  leprous  infiltration  may  in  these  cases  be 
recognised  clinically  : — 

((f)  The  original  nodules  above  described  may  remain  discrete,  with- 
out diffuse  infiltration  of  the  skin. 

(A)  The  nodules  may  coalesce  into  large  irregular  nodose  or  flattened 
masses,  varying  from  one  to  many  inches  in  diameter. 

(c)  Diffuse  infiltration  may  occur  from  thickening  of  the  original 
leprous  patches. 

('/)  In  rare  cases  subcutaneous  small  hard  nodules  may  form,  the  skin 
being  freely  movable  over  them. 

Two  or  more  of  the  above  varieties  may  co-exist  in  the  same  patient. 

The  eye  is  often  involved  in  this  form  of  leprosy ; the  conjunctiva 
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m;iy  then  l)e  more  or  less  intiltr;ited,  enlarged  l)lood-vessels  are  usualh’ 
seen,  and  the  new  growth  may  implicate  the  cornea,  extending  from 
the  periphery  and  ultimately  penetrating  into  the  anterior  chamber. 
There  may  l)e  severe  pain*  and  sight  may  be  destroyed.  The  iris  and 
ciliary  body  also  may  become  invadiid,  and  even  the  choroid  and  retina, 
the  eyeliall  being  thus  eventually  changed  to  a shapeless  mass,  Avhich  may 
increase  to  such  a size  that  the  eyelids  cannot  cover  it.  Both  eyes  are 
often  affected,  one  after  the  other. 

The  mucous  membrane  of  the  nose  becomes  thickened,  and  some- 
times nodules  are  formed  in  it,  giving  rise  to  snnlfling  and  nasal 
intonation.  Attention  has  recently  been  directed  to  the  frecpient  early 
implication  of  the  nasal  and  pharyngeal  mucous  membranes  in  lepers. 
Nodules  and  thickenings  are  occasionally  fouml  inside  the  cheeks  and  on 
the  palate  and  fauces ; and  fi-equently  on  the  epiglottic,  ary-epiglottic 
folds,  the  vocal  cords  and  ventricles  of  the  larynx.  They  have  been  seen 
occasionally  in  the  trachea  and  bronchi,  the  uterus  and  vagina.^ 

When  the  nodules  are  fully  developed,  the  hyperiesthesia  which 
accompanied  the  initial  eruption  is  replaced  by  diminished  sensation  and 
even  by  complete  an;esthesia,  the  result  of  pressure  on  the  ends  of  the 
nerves.  At  this  stage  also  infiltration  of  the  nerve-trunks  often  occurs — 
the  case  becoming  a “mixed  ” one. 

The  further  history  of  the  nodules  varies.  In  some  cases  they  remain 
almost  stationary,  or  increase  ver}^  slowly ; in  others  they  disappear 
altogether,  leaving  wrinkled  areas  of  skin,  and  some  persistent  anaesthesia, 
cicatrisation,  or  deformity ; more  commonly  they  break  down,  suppurate, 
and  form  ulcers. 

The  face  frequently  acquires  a characteristic  leonine  aspect,  the  skin 
of  the  forehead  being  greatly  thickened,  the  natural  furrows  exaggerated, 
and  the  eyebrows  prominent,  the  face  then  presenting  a sombre  expression. 
New  growths  sometimes  form  in  the  eyelids  and  hang  down  over  the  eyes. 
The  cheeks  are  often  puffed  out  and  pendulous  from  the  weight  of  the 
neoplasm.  In  some  cases,  however,  the  nodules  may  remaiii  small  and 
discrete,  and  cover  the  nose,  lips,  and  chin  as  well  as  other  parts  of  the 
face.  The  ears  are  usually  much  thickened  and  nodulated,  the  lobes 
being  especially  liable  to  infiltration,  with  consequent  enormous  enlarge- 
ment (Fig.  113). 

In  the  largest  class  of  cases  the  new  growths  increase  very  rapidly  ; 
fresh  crops  siiddenly  appear  from  time  to  time,  each  outburst  being 
accomjianied  by  a rise  of  temperature  to  102°  or  103°  F.  Several  such 
attacks  may  occur  in  the  course  of  a year  ; and  during  their  ])resence  the 
lymphatic  glands,  especially  the  femoral,  become  painful  and  swollen. 
\\'hen  the  fever  has  passecl  off,  more  or  less  enlargement  of  the  glands 
may  remain.  Some  recession  of  the  older  tubcj's  may  I)e  apparent  after 
the  attack,  but  the  total  amount  of  leprous  deposit  is  increased  at  every 
exacerbation.  The  hands  and  feet  often  become  covered  with  masses  of 
new  growth  which  are  easily  injured  on  movement  or  by  pressure  and 

' Dr.  Rake  had  not  seen  them  in  the.se  positions  althougli  he  made  many  autopsies. 
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the  like;  the  resulting  sores  are  difficult  to  heal.  The  nails  drop  oil,  or 
are  converted  into  distorted  horny  pegs. 

The  condition  of  the  sexual  organs  varies.  If  the  disease  be  fully 
developed  in  males  before  puberty,  the  testicles  usually  remain  small 
and  imperfectly  developed,  and  the  sexual  power  is  absent ; when  the 
onset  of  the  disease  takes  place  after  puberty,  although  at  first  there  may 


Fio.  113. — Xodutir  Lepro.sy. 
[All  advanced  case.] 


be  increase  of  sexual  desire  and  power,  testicular  atrophy  and  impotence 
generally  follow.  In  leprous  women  there  is  probably  a like  effect: 
although  liy  no  means  always  sterile,  in  most  cases  they  bear  few  or  no 
children,  and  their  offspring  are  often,  but  not  always,  weak  and  puny, 
and  die  early. 

After  the  stage  of  nodiilation  has  lasted  for  a variable  period  the 
final  stage  of  ulceration  sets  in,  and  the  growths  on  the  more  exposed 
parts,  such  as  the  face,  ears,  hands  and  feet,  are  usunlly  the  first  to  ulcerate. 
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In  f avouruble  cases,  and  with  proper  attention  to  cleanliness,  these  ulcers 
may  heal  and  a partial  spontaneous  cure  be  established,  the  ptitient  living 
tor  yetirs  afterwards,  much  disfigured  by  irregular  areas  of  cicatricial  tissue 
but  without  any  fresh  development  of  nodules.  Occasiomdly,  as  the  result 
of  cicatrisation,  the  mouth  becomes  so  contracted  that  the  tongue  cannot 
be  protruded,  and  feeding  becomes  difficult.  Sometimes  the  ulcers  on  the 
feet  and  hands  become  the  seat  of  large  warty  masses. 

In  other  cases  the  nlcers  refuse  to  heal,  and  spread  till  they  form 
large  irregular  tracts  of  ulceration  on  the  legs,  buttocks,  forearms,  etc., — 
sometimes  moi’c  or  less  enveloping  a limb.  Large  florid  bleeding 
granulations  often  spring  up  on  the  ulcerating  nodules,  especially  on  the 
hands  and  feet.  After  living  for  months  or  years  in  this  state,  the 
patient  dies  from  simple  exhaustion,  kidney  disease,  tuberculosis,  or  other 
visceral  complications. 

In  a third  class  of  cases  the  progress  of  events  is  more  ia])id.  The 
ulcers  become  phagedfenic,  especially  on  the  fingers  and  toes;  the 
sloughing  extends,  gangrene  of  one  or  more  extremities  folloAvs,  and  the 
patient  soon  dies  of  exhaustion  or  pyfemia ; but  this  latter  termination 
is  not  so  common  as  in  the  other  forms  of  the  disease. 

During  the  course  of  the  cutaneous  idceration  just  described,  other 
symptoms  are  often  present  as  the  residt  of  ulceration  of  the  mucous 
membranes.  Great  pain  aiid  photophobia  and  eventual  blindness  from 
corneal  opacity  follow  ulceration  of  the  corneal  nodules,  even  if  the  latter 
have  not  already  invaded  the  rest  of  the  eye.  Pain  and  difficulty  in 
eating  and  swallowing  accompany  ulceration  of  the  lips,  tongue,  and 
fauces,  while  as  the  result  of  the  breaking  down  and  cicatrisation  of  the 
growths  of  the  epiglottis  and  larynx,  the  voice  becomes  croaking,  and 
sometimes  I’educcd  to  a whisper.  The  patients  also  siifler  from  painful 
attacks  of  dyspnma,  which  sometimes  prove  fatal. 

Smooth  Leprosy. — “Aiifesthetic,”  “non-tuberculated,”  “ trophoneurotic,” 
“atrophic,”  “neural”  or  “nerve”  leprosy,  “ Danielssen’s  disease,”  Lepra 
glabra,  Z.  ana’sthetica,  L.  maculo-ancesfhefica,  L.  verrormn,  Z.  nev,roplastica, 
IJpre  systnnatisee  nei'veuse.  In  the  cases  in  which  ansesthesia  and  trophic 
changes  are  the  most  prominent  features  the  prodi'omes  are  less  marked 
than  in  those  just  described,  and  they  may  be  so  slight  as  to  be  over- 
looked. Feelings  of  chilliness,  depression,  and  indefinite  malaise  are 
often  noticed.  The  patient  may  experience  shooting  pains  in  nerves, 
especially  the  ulnai’  and  peroneal,  a burning  and  tenderness  along  their 
course,  and  hyperresthesia  of  the  skin  of  the  parts  they  supply.  These 
])ains  may  be  absent,  and  the  first  evidence  of  the  disease  may  bo  the 
numbness  of  the  hands  and  feet,  and  diminished  power  of  giasping. 
There  mav  be  difficulty  in  holding  tools  during  work,  accidental  burns 
and  wounds  may  be  quite  paiidess,  and  walking  may  feel  like  treading  on 
wool. 

In  other  cases  the  maculae  are  the  first  .symptoms  noticed.  These 
spots,  which  generally  appear  singly,  are  of  three  kinds  : (1)  those  which 
begin  with  erythema,  (2)  those  Avhicb  begin  with  pigmentation,  and  (.3) 
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those  ill  whicli  there  is  a diminution  of  pigment  either  initially  or  rapidly 
following  an  excess  of  the  latter.  Hie  spots  are  often  of  a light  coppci 
or  brown  tint  in  fair  skins,  or  of  a dirty  yellow  in  the  blacks,  and  one  or 
two  inches  in  diameter ; tliey  dilier  as  a rule  from  the  primary  eruption 


Fio.  114. — Npurnl  l.,e])rosy. 

[An  advanced  case  (.said  tn  be  of  40  years’  duration),  .shewing  characteristic  deformity  of  hands,  with 
coni])lete  periplieral  an'a-sthesia,  and  paralysis  of  orbicularis  iialpebrarum.] 


of  nodular  leprosy  in  not  being  raised  above  the  surrounding  skin.  At 
this  stage  they  are  generally  neither  hyperpesthetic  nor  aiimsthetic,  but 
the  secretion  of  sweat  may  be  locally  absent.  The  eruption  usually  appears 
first  on  the  shoulders,  back  and  loins,  buttocks,  thighs,  knees  and  elbows, 
and  on  the  face ; but  the  face  often  escapes  altogether.  Sometimes  it 
occurs  in  the  areas  of  certain  nerves,  such  as  the  iniisculo-spiral  and 
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I ulnar.  Fresh  patches  continue  to  aj)pear,  l)ut  the  patient’s  general 
1 health  may  be  unattected  — no  special  symptoms  being  observed.  It 
I often  hapi)ens,  however,  that  about  this  time  auEcsthesia  of  the  skin 
• supplied  by  the  ulnar  nerve  is  apparent ; and  the  fourth  and  fifth  fingei's 
1 may  begin  to  contract — more  commoidy  in  the  left  hand. 

The  next  stage  of  the  disease  is  characterised  by  the  spreading  of 
the  eruption.  After  the  original  spots  have  remained  unchanged  for  a 
year  or  two  they  begin  to  eidarge  peripherally.  The  centre  fades  to  a 
' dirty  white  or  pale  yellow,  and  at  the  same  time  becomes  anesthetic. 
The  hairs  fall  out,  and  the  patch  becomes  wrinkled  and  diy  from  the 
destruction  of  the  sweat-glands.  The  border  is  now  slightly  raised,  is  of 
a I'eddish-brown  colour,  and  may  be  studded  with  small  papules,  which 
sometimes  become  vesicidar.  In  rare  cases  the  vesicles  increase  in  size 
and  become  pustular.  Descpiamation  is  always  more  or  less  present  as 
! the  patch  grows,  the  scales  being  thin  and  powdery  about  the  centre, 
and  larger  at  the  ])eriphery.  If  A^esicles  or  pustules  l)e  present,  they 
burst  and  leave  scabs  which  eventual!}'  fall  off.  Individual  spots  may 
increase  greatly  in  size,  or  neighbouring  ones  may  coalesce  into  large 
serpiginously  bordered  tracts ; and  immense  areas  of  the  integument^ — 
for  example,  the  whole  of  the  skin  of  the  back  or  thighs — may  thus 
become  changed.  The  face  is  occasionally  completely  thus  iiiA'aded  and 
discoloured,  the  area  extending  from  the  margin  of  the  scalp  to  beloAv  the 
jaAv,  and  imparting  to  a negro  the  physiognomy  of  a half-caste. 

The  more  superficial  neiwe-trunks  may  uoaa',  or  perhajAS  at  an  eailier 
stage,  be  felt  enlarged  beneath  the  skin,  especially  the  ulnar  above  the 
elboAv.  With  the  spi'cad  of  the  eruption  the  anaesthesia  increases,  until 
in  some  cases  the  Avhole  of  the  upper  or  lowei'  extremities,  or  more  rarely 
the  greater  part  of  the  body  and  limbs,  becomes  lost  to  feeling.  Atiins- 
thesia  may  also  be  present  beyond  the  area  of  the  patches,  even  Avhen  the 
latter  retain  a certain  amount  of  sensation.  There  are  also  cases  in  Avhich 
there  is  anaesthesia  of  the  mucous  membrane  of  the  mouth  and  pharynx. 

. When  the  active  spreading  stage  is  over,  the  margins  of  the  spots 
fade  in  colour  and  regain  the  leA^el  of  the  surrounding  skin.  In  Avhite 
t patients  it  is  sometimes  difficult  to  distinguish  any  difference  of  colour 
, between  the  anaesthetic  patch  and  the  rest  of  the  skin.  In  a Frenchman 
I under  Dr.  Raike’s  care  in  Trinid.ad  there  Avas  no  variaition  of  tint  until 
! four  years  after  the  onset  of  the  disease : the  patches  then  became 
I mapped  out  by  congestion  of  the  surrounding  skin.  In  A'ciy  r:irc  cases 
' there  may  be  no  skin  ei'uption 

The  finail  stage  of  permanence  is  iioav  reached.  After  the  eruption 
has  ceased  to  be  active,  or  AA^hen  there  is  no  further  deposit  in  the 
nei'ves,  the  disease  nnxy  remain  stationary  for  a number  of  years — the 
only  evidence  of  the  disease  being  the  remains  of  the  eruption,  and  more 
or  less  contraction  of  the  fingers.  In  the  majoi’ity  of  cases,  hoAvever, 
paralysis  and  destruction  of  tissue  progress,  as  the  result  of  the  increased 
amount  of  ncAv  groAvth  in  the  nerves. 

The  contraction  Avhich  has  already  been  mentioned,  as  usually  com- 
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mencing  in  tlie  fourth  and  fifth  fingers,  extends  to  the  other  digits — in  less 
degree,  perhaj)s,  in  the  case  of  the  thumb,- — the  second  and  third  phalanges 
being  flexed  towards  the  palm,  so  as  to  give  the  extremity  a claw-like 
appearance.  The  interossei  and  the  muscles  of  the  thenar  and  hypo- 
thenar  eminences  at  the  same  time  become  wasted.  Similar  changes,  but 
less  marked  as  a rule,  take  place  in  the  lower  exti'emities.  As  a later 
effect  there  may  be  wrist-drop,  and  more  rarely  atrophy  of  the  muscles 
of  the  leg,  giving  rise  to  a flail-like  condition  of  the  foot ; and  occasionally 
there  is  effusion  into  the  wrist  and  ankle  joints,  with  erosion  of  cartilage 
and  dislocation  of  the  bones,  exactly  resembling  Charcot’s  disease. 
Ulceration  frequently  now  ensues,  either  as  the  result  of  bursting 
of  large  bullae  on  the  hands  and  feet,  or  as  the  effect  of  mechanical 
injury  to  the  anaesthetic  parts.  The  patient  may  take  up  a hot  cup  or 
2)ipe  without  feeling  it,  step  on  a shaiqi  stone  and  the  like,  thus  pro- 
ducing wounds  which  bi’eak  down  into  jjerf orating  ulcers.  IMore  com- 
monly, however,  this  form  of  ulcer  begins  as  a bulla  Avhich,  prevented 
from  early  rujDture  by  the  thickened  epidermis  of  the  sole,  burrows 
deeply  into  the  tissues.  Ulcers  are  especially  common  on  the  fingers  and 
toes ; and  the  nails  often  sjjlit  and  break,  or  are  changed  into  talon-like 
appendages. 

The  bones  become  necrosed,  and  are  cast  off  whole  or  in  pieces ; or 
in  other  cases  interstitial  absorption  of  bone  takes  j:»lace,  and  the  finger 
or  toe  becomes  shortened,  the  remains  of  the  phalanges  ultimately 
becoming  ankylosed.  In  whatever  way  the  bones  be  removed,  a imrtion 
of  the  nail  usually  persists  as  a horny  j^eg  attached  to  the  end  of  the 
stump.  Destruction  of  the  bones  of  the  carpus  and  metacarpus  is  rare ; 
but  in  the  lower  extremity  the  necrosis  often  involves  the  other  bones  of 
the  foot  as  well  as  the  jihalanges — especially  the  metatarsals  and  cal- 
caneum.  Occasionally  all  the  distal  parts  of  both  lower  and  upper  limbs 
are  removed  in  this  way,  as  if  ani2)utation  had  been  performed.  Hare 
cases  have  been  described  in  which  the  caries  has  extended  beyond  the 
wrist  and  ankle  joints,  and  the  epidermic  remains  of  the  digits  have 
been  seen  even  as  far  up  the  limb  as  the  elbow-joint. 

Ulcers  over  the  knees,  shins,  elbows,  and  other  parts  of  the  l)ody 
also  occur,  but  much  less  frequently  than  in  nodular  leprosy ; cracks 
often  open  on  the  palmar  and  plantar  aspects  of  the  digits,  beginning  in 
the  grooves  beneath  the  joints,  spreading  transversely,  and  forniiiig 
chronic  ulcers.  Suppuration  may  extend  along  the  sheaths  of  the 
tendons,  with  resulting  necrosis  of  the  latter  as  Avell  as  of  the  bones. 
In  other  cases  a furrow  may  form  between  the  joints,  and  by  gradual 
deepening  produce  a condition  resembling  ainhum.  Though  the  ulcers 
of  “anaesthetic”  leiwosy  are  for  the  most  part  painless,  distressing 
neuralgia  may  accompany  perforating  ulcers  of  the  foot ; and  in  other 
cases  there  may  be  intense  j)ain  in  the  sciatic,  ulnai-,  supraorbital,  and 
other  nerves,  due  to  the  interstitial  deposit.  The  jjatient,  moreover,  often 
com])lains  of  feeling  cold.  The  ulcerations  sometimes  sj)read  rapidly, 
and  become  gangrenous,  all  the  tissues  being  affected,  and  a line  of 
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tlemaroiitioi)  foi'nied.  The  gangrene  may  he  limited  to  one  or  more  of 
the  fingers  or  toes,  or  the  whole  hand  oi'  foot  may  be  involved  ; in  rare 
eases  it  may  extend  farther  up  the  limb.  As  a result  of  hard  labour, 
handling  tools,  etc.,  suppuration  may  be  set  np  in  aii  anresthetic  finger, 
and  may  travel  up  the  tendons  and  burrow  into  the  muscles  as  far  as  the 
elbow.  Towards  the  end  of  life  symmetrical  bed-sores  sometimes  form 
rapidly  over  the  buttocks. 

The  affections  of  the  eye  in  this  form  of  leprosy  are  mainh’  the 
result  of  lesions  of  the  fifth  and  seventh  nerves.  Ophthalmia  is  not 
uncommon,  and  ulceration  of  the  cornea  frequently  occurs  which  may 
lead  to  pannus,  onyx,  hypopyon,  iritis,  and  occasionally  to  the  destruc- 
tion of  the  whole  eye.  There  may  be  ptosis;  and  paralytic  ectropion  is 
often  seen,  with  facial  paralysis  of  the  same  side.  The  surface  of  the  cornea 
:may  be  quite  anajsthetic  without  any  of  the  other  evidences  of  disease. 

Sexual  desire  is  not  as  a rale  increased  in  smooth  leprosy  ; but  the 
I power  of  procreation  is  retained  until  a comparatively  late  period. 

Mixed ’’  Zepms//.— Gerlach  and  others  believe  that  in  the  smooth 
form  of  leprosy  the  primary  growth  commences  in  the  integument 
around  the  peripheral  nerve-endings,  travelling  np  along  the  fibres,  so 
' thaf,  in  one  sense,  even  these  cases  are  “ mixed  ” from  a very  early 
period.  It  is  nevertheless  true,  that  in  the  majority  of  cases  the  early 
skin  changes  do  not,  as  we  have  seen,  present  quite  the  same  appearances 
.as  in  nodular  lepros}'.^  In  a large  number  aiifesthetic  patches  and  other 
evidences  of  nerve  infiltration  co-exist  with  definite  cutaneous  thickenings, 
and  we  may  therefore,  for  clinical  purposes,  class  such  cases  together 
under  the  appellation  of  “mixed  lepro.sy.”  The.se  may  also  be  considered 
under  three  heads  ; — 

(1)  Those  in  which  the  leprous  infiltration  is  for  a long  period  confined 
to  the  skin,  and  subsequently  advances  to  the  nerve-trunks. 

(2)  Those  in  which  the  symptoms  of  nerve  implication  are  for  a 
considerable  time  manifested  alone,  the  formation  of  dermal  nodules 
being  subsequejit ; and 

(3)  Those  in  which  the  leprous  dermal  infiltrations  and  the  various 
.s\mptoms  of  nerve-trunk  implication  are  obsei'ved  together  fi’om  a very 
early  period  of  the  disease. 

Of  these  the  first  class  is  by  far  the  most  numerous,  and,  indeed,  so 
often  do  the  nerve-trunks  become  involved  in  advanced  cases  of  nodular 
leprosy,  that  we  may  regard  a lepei'  with  this  latter  foi  ni  of  the  disease  as 
one  Avho  has  not  lived  long  enough  to  develop  “ mixed  leprosy,”  which  is 
the  complete  or  generalised  afi'cction. 

The  second  class  of  cases,  in  which  nodules  develop  late  in  the  course 
of  neural  leprosy,  is  undoubtedly  rare.  In  ten  years’  experience  at  'rrinidad 
oidy  three  instances  were  noticed.  Leloir  also  only  mentions  three  cases. 

The  third  class  is  less  uncommon,  and  it  often  happens  that  early 

' Hiin.seii  iloes  not  recognise  this  (li.stiiictioD,  altliougii  ho  admits  that  tlie  jiatches  of  the 
tuberous  form  are  certainly  usually  thicker,  indicating  a greater  degree  of  iniiltr.ation  than 
the  aiw-sthefic. 
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cutaneous  infiltrations  almost  or  quite  disappear,  there  remaining  oiilj 
anaesthesia,  deformity,  etc.  In  such  cases  it  would  sometimes  be  difficult 
to  believe  that  the  patient’s  skin  had  ever  been  nodulated  wei'e  it  not  for 


Fig.  115. — “.Mixed"  Leprosy. 

[.■Vm  early  case  of  one  ye.ar’s  duration.  Tlie  ana>sthptic  patches  were  rai.sed  and  reddish  in  the  centre 
with  surrounding  leucoderniic  areas.  The  patient  has  subsequently  developed  nodulation  in  the 
face.] 


the  presence  of  flabby,  wrinkled  patches  on  the  ears,  cheeks,  and  other 
sites  of  the  former  nodules.  A detailed  account  of  the  symptoms  of 
“ mixed  ” leprofsy  is  unnecessary,  for  they  consist  of  a combination,  in 
varying  ]iroportions,  of  the  phenomena  already  described. 
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In  the  Trinidad  Asylum,  during  a period  of  eight  years,  pulmonary 
and  other  forms  of  visceral  tvdwrculosis  were  immediately  res})onsible 
for  20  per  cent  of  the  deaths  among  the  nodular  cases,  for  19  j)er  cent 
of  the  deaths  among  smooth  cases,  and  25  per  cent  of  those  among  the 
f.  ■“  mixed  ” cases ; various  forms  of  kidney  disease  caused  30  per  cent  of 
the  deaths  among  the  nodular  cases,  27  per  cent  among  the  smooth, 
i -and  10  per  cent  among  the  mixed;  tul)crculosis  and  renal  all'ections 
1 combined  were  responsible  for  14  per  cent,  3 per  cent,  and  10  per  cent 
of  the  deaths  respectively ; and  the  leprosy  itself,  or  exhaustion  from 
' leprous  ulcerations,  gangrene,  pyremia,  asphyxia,  due  to  obstruction  of  the 

■ laiynx,  and  accidental  complications,  were  ascribed  as  immediate  causes 
^ of  death  in  36  per  cent  of  the  nodular,  51  of  the  smooth,  and  55  of  the 

imixed  lepers.  Observations  in  the  same  asylum  extending  over  IS 
' '.years  shewed  the  average  age  of  onset  to  be  2H  years,  30i  years,  and 
1 :25^  years  in  the  three  classes  of  cases  respectively. 

The  Diagnosis. — When  nodular  leprosy  is  fully  developed  its  diagnosis 
( '.should  be  a matter  of  no  difficulty  ; for  apart  from  the  obvious  naked-eye 
’ .appearances— the  localised  nodulations,  thickenings,  and  discolorations,  the 
-i  history  of  the  primary  eruptions,  etc. — a small  piece  of  new  growth  ex- 
i icised  or  scraped  will  always  exhibit  the  specific  bacilli.  In  an  early  stage 
(the  eruption  might  be  mistaken  for  a syphilide,  but  microscopical  ex- 
:amination,  the  test  of  antisyphilitic  treatment,  and  careful  consideration 
I of  concurrent  svmptoms — as  well  as  the  history — should  soon  settle  the 
r! (matter.  The  characters  of  the  primary  eruptions,  alread}'  described,  the 

■ r special  sites  of  predilection,  the  far  more  chronic  course,  and  the  accom- 

panying local  loss  of  hair,  sufficiently  distinguish  the  leprous  from  the 
: syphilitic  exanthem.  It  must  not  I)e  forgotten  that  syphilis  may  co-exist 
with  leprosy  ; its  characteristic  lesions  should  therefore  be  looked  for. 

Certain  cases  of  tuberculides — lupus  vidgaris,  scrofulodermia,  as  well 
i as  L.  erythematosus — have  at  times  been  mistaken  for  leprosy  ; but  the 
1 history  and  other  characteristics  should  suffice  to  distinguish  the  diseases, 
i,  even  without  an  examination  for  the  bacilli.  The  same  also  may  be  said 
’ of  the  idiopathic  erythemas  which  may  resemble  the  first  stage  of  the 
leprous  eruption,  especially  erythema  exudativum,  in  which  the  patches 
i are  smaller,  run  a more  acute  course,  clear  up  from  the  centre  as  they  in- 
I crease  in  .size,  and  leave  but  a transitory  stain  ; there  is,  moreover,  not 
I the  same  notable  alteration  of  sensation  or  febrile  disturbance. 

Many  other  diseases  causing  tumefactions  of  the  .skin  have  from  time 
to  time  been  mistaken  for  nodidar  leprosy — for  instance,  pigmented 
sarcoma  and  other  malignant  growths,  elephantiasis  arabum,  molluscum 
fibrosum,  yaw.s,  acne— but  attention  to  the  above  descriptions  shoidd  leave 
no  doubt  in  the  mind  of  the  observer. 

On  the  other  hand,  it  is  not  always  so  easy  to  distinguish  cases  of 
purely  neural  leprosy  from  certain  other  affections  in  which  the  nervous 
system  may  be  implicated.  Advanced  cases  have  frequently  been  con- 
founded with  syringomyelia,  IMorvan’s  analgesic  whitlow,  progressive 
muscular  atrophy,  peripheral  neuritis,  sclerodactyly,  aiidium,  and  Hay- 
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luiud’s  disease.  The  resemblance  of  these  diseases  to  certain  cases  of 
this  form  of  leprosy  is,  indeed,  so  great  that  Zambaco  Pacha  has  un- 
hesitatingly affirmed  that  they  are  all  of  them,  as  well  as  scleroderraia 
and  mor})hcea,  modified  or  attenuated  forms  of  leprosy.  As  a general 
rule,  however,  tlie  sufferer  from  neural  leprosy  exhibits  at  some  stage 
the  characteristic  discoloured  and  anaesthetic  patches  on  the  skin,  and 
he  has  almost  invariably  been  in  leprous  districts  or  has  associated  with 
lepers.  Moreover,  the  bacillus  may  be  found  sooner  or  later  in  the 
neoplasm  in  the  nerves. 

The  eruption  in  the  early  stages  may  sometimes  closely  simulate 
leucodermia ; and  in  children  especially,  or  in  patients  of  weak  intellect, 
the  diagnosis  may  be  retarded  by  the  difficulty  of  determining  degrees  of 
anaesthesia. 

It  has  been  estimated  that  at  least  5 per  cent  of  the  supposed  lepers 
in  the  East  are  suffering  from  other  diseases  which  superficially  resemble 
true  leprosy. 

Prognosis. — The  prognosis  in  leprosy  is  very  bad.  It  has  been  said 
“ once  a leper  always  a leper,”  and  that  the  disease  is  incurable.  It  is 
true  that  Avith  very  few  exceptions  the  malady  goes  on  from  bad  to 
Avorse  in  spite  of  all  treatment,  and  that  the  patient’s  life  is  shortened. 
Yet  it  must  be  remembered  that  in  many  as\  lums  in  NorAvay,  and  else- 
AA'here,  there  are  inmates  in  Avhom  the  disease  has  l)een  arrested  for 
many  years — -the  cases  practically  cured,  but  of  course  Avith  more  or  less 
deformity  and  loss  of  tissue. 

Several  instances  of  apparent  cure  have  been  recorded  by  Munro, 
Hutchinson,  Cottle,  Unna,  Phillippo,  C.  Fox,  Francis,  the  Noiuvegian 
physicians,  and  others,  and  in  some  of  them,  at  any  rate,  a recnidescence 
of  the  disease  had  not  appeared  up  to  the  time  of  the  death  of  the 
patient  in  old  age.  The  official  report  for  Noiuvay  gives  the  number  of 
cured  cases  at  thirty-eight  during  the  fiA"e  years  1881  to  1885.  There 
is,  indeed,  reason  to  believe  that  there  is  hope  in  some  cases,  especially 
if  measures  be  adopted  at  an  early  stage.  The  disease  occasionally 
proves  fatal  in  a year  or  tAvo,  or  it  may  progress  more  sloAvly,  especially 
when  the  nerves  only  are  affected,  for  several  decades ; lepei’s  are 
occasionally  seen  in  Avhom  the  disease  has  been  sloAvly  progressing  for 
forty  years.  Observations  at  Trinidad  gave  in  18  years  an  average 
duration  of  life  of  6i  years  for  the  nodular,  10  year's  for  the  neural, 
and  9f  years  for  the  “ mixed  ” cases.  These  figures  seem  Avorse  than 
those  given  by  Danielssen  and  Boeck — nameh',  9^  years  in  the  nodular, 
and  18.1  in  the  neural  form;  but  those  observers  excluded  all  deaths 
from  intercurrent  diseases.  Carter’s  calculations  for  Bombay  approxi- 
mate to  the  Noi'Avegian  statistics;  and  Leloir  giA^es  8 to  12  years  for 
nodular  cases,  and  18  to  20  for  the  neural.  AYhen  the  affection  makes 
its  appearance  in  early  life,  its  course,  especially  in  the  neural  form,  is 
usually  more  rapid  than  Avhen  it  attacks  old  people  ; and  frequent  acute 
outbreaks  of  nodules,  and  early  implication  of  the  larynx,  make  the 
prognosis  more  unfaA’oui’able.  The.  progress  of  the  disease  is  usually 
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lower  in  c.ises  witli  ditlusc  iiiHltrations  of  the  skin  than  in  those  in 
■ rhich  croj)s  of  discrete  nodules  frequently  appear.  The  presence  of 
. :isceral  complications  shortens  the  expectation  of  life  in  all  cases  of 
•eprosy. 

The  Treatment  of  leprosy  is  by  no  means  satisfactory ; but  although 
'.n  absolute  cure  can  rarely  be  anticipated,  it  is  a mistake  to  suppose 
' bat  nothing  can  be  done  to  prolong  life,  or  to  mitigate  suffering,  or  even 
■occasionally  to  eradicate  the  disease.  V\  e may  consider  the  treatment 
milder  the  heads  Hygienic,  Medicinal,  and  Surgical. 

Hygienic. — It  is  of  the  utmost  inqiortance  to  lepers,  as  to  other 
nvalids,  that  their  surroundings  should  be  healthy.  They  should  have 
• iilenty  of  fresh  air,  their  dwellings  lie  well  ventilated  and  dry,  the 
oxtremes  of  heat  and  cold  avoided,  strict  cleanliness  enforced,  and  good, 
nourishing  diet  provided,  such  as  fresh  meat  and  vegetaldes,  with  no 
salted  or  indigestible  food.  Fish  and  other  decomposable  substances 
■should  not  be  eaten  unless  quite  fresh.  Some  few  lepers  have  stated 
that  their  ulcers  have  liecome  worse  after  eating  fish ; but  this  is  by  no 
means  the  general  exjierience.  Plenty  of  exercise  should  be  taken,  as 
I well  to  jiromote  the  general  nutrition  as  to  excite,  if  possible,  the  action 
of  the  sweat-glands.  The  patients  should  be  warmly  clothed,  for  they 
lare  usually  very  suscejitible  to  cold  ; and  we  have  seen  how  liable  they 
nre  to  disease  of  the  kidneys. 

Removal  to  another  climate,  especially  to  a country  in  which  the 
disease  is  not  endemic,  often  has  a very  beneficial  effect,  particularly  in 
the  early  stages  of  the  disease.  Many  colonials,  for  instance,  who  have 
come  to  uninfected  parts  of  Europe  have  probably  lived  longer  than  they 
would  have  done  in  their  own  countries.^ 

Medicinal. — No  specific  drug  has  yet  been  discovered  for  leprosy, 
altliough  it  must  lie  admitted  that  effects,  both  locally  and  generally 
beneficial,  can  often  be  produced  by  certain  external  and  internal 
remedies.  In  estimating  their  value  in  individual  cases,  however,  it 
must  not  be  forgotten  that  the  symptoms  of  the  disease  are  sometimes 
ameliorated,  or  even  arrested  for  a considerable  time,  spontaneously  or 
by  improved  hygienic  conditions  alone. 

Of  the  numerous  vegetable  oils  which  have  been  used  for  leprosy, 
oleum  gynocardiiB,  or  “chaulmoogra  oil,”  appears  to  be  the  most 

* Such  a case  is  known  to  me.  Ten  or  twelve  years  ago  a gentleman,  then  aged  aboiit 
forty-two  (a  married  man,  by  the  way),  who  had  siillered  a good  <leal  of  privation  as  a 
■sportsman  in  the  East,  consulted  me  for  numbness  and  pains.  The  ulnar  and  other  nerves 
were  plainly  traceable  by  the  finger  for  long  distances  on  both  hands,  and  there  were 
ansesthetic  patekes.  At  my  request  he  consulted  an  eminent  authority  on  leprosy,  whom  I 
ha<l  previously  warned  to  give  the  diagnosis  to  me  onl}’.  He  agreed  with  me  that  the  case 
was  one  of  e.arly  but  well-marked  leprosy.  To  the  patient’s  surprise,  we  made  him  throw 
up  his  appointment  and  forbade  him  to  return  to  the  East  in  any  circumstances.  He  is 
now  well,  and  ignorant  of  his  malady  ; I have  not  examined  him  for  some  yeaj’s,  as  he 
declares  him.self  to  be  well,  and  it  is  best  for  him  not  to  have  his  attention  drawn  to  him- 
-self.  Twenty-five  or  thirty  years  ago  a young  medical  man  shewed  me  his  own  finger.s, 
which,  on  the  ulnar  sides  of  the  hands,  were  contracted  and  anesthetic.  He  was  born  in 
South  Africa,  and  took  leprosy  as  a child.  He  had  lived  in  England  since  childhood,  and 
believes  him.self  to  be  quite  “cured.”— T.C.  A. 
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efficacious,  and  it  is  certainly  believed  in  by  the  lepers  themselves.  At 
the  Trinidad  Asylum,  in  eighteen  cases  in  which  its  prolonged  use  was 
tried,  the  chief  effects  observed  were — (1)  Increase  of  perspiration, 
(2)  decrease  of  the  nodides,  (3)  improved  appetite,  (4)  lessening  of 
amesthesia,  (5)  greater  suppleness  of  the  skin,  (6)  lessening  of  the  pains 
in  the  joints.  The  oil  may  be  given  in  doses  of  10  minims,  preferably 
in  capsules,  two  or  three  times  a day,  and  gradually  increased  until  one 
or  two  drachms  are  taken  in  the  twenty-four  hours.  At  the  same  time 
it  should  1)0  well  rubbed  in — either  pure  or  as  an  emulsion  with  an 
erpral  part  of  lime  water — tw'ice  a day  over  the  affected  parts  of  the 
skin,  or  even  over  the  whole  body.  The  active  principle  of  the  oil, 
gynocardic  acid,  has  also  been  jjrescribed  internally  by  Besnier  and 
others.  The  soda  and  magnesium  salts  are  well  borne,  and  in  at  least 
two  cases  in  England  under  my  own  care  they  have  appeared,  in  com- 
bination with  external  treatment,  to  be  of  distinct  benefit.  Satisfactory 
results  have  been  obtained  by  the  intramuscular  and  subcutaneous 
injection  of  this  oil  (Tourtoulis  Bey).  Gurjon  oil,  which  is  used  inter- 
nalU'^  and  externally  in  the  same  doses  and  manner  as  the  chaulraoogra, 
has  not  seemed  at  Trinidad  to  be  so  useful.  It  is  possible  that  the  good 
results  originally  obtained  by  Dougall  in  the  Andaman  Islands  were  in 
part  due  to  the  fact  that  the  patients,  being  convicts,  were  compelled  to 
inunct  themselves  in  a most  thorough  manner  twdce  a day  for  two  hours 
each  time,  llillis  speaks  well  of  the  gurjun-oil  treatment.  Others  have 
not  been  equally  successful  with  these  oils,  and  the  failures  may  have  heen 
due  to  the  difficulty  of  carrying  out  methods  of  treatment  so  prolonged, 
troublesome,  and  disagreeable ; and  also  to  the  varying  compositions  of 
different  specimens.  Phillippo  of  Jamaica  has  brought  forward  a case  of 
well-marked  leprosy  of  six  or  seven  years’  duration,  which  he  treated 
vigorously  with  gurjun  oil  externally  and  chaulmoogra  internally  from 
1879  to  1886.  The  man  during  that  time  practically  “lived  ” in  grease. 
Improvement  gradually  set  in  after  the  first  two  years  of  the  treatment, 
and  at  the  end  of  the  period  all  the  symptoms  had  disappeared.  He 
had  remairred  “ errred  ” for  five  years  wdreir  the  account  was  puhlished  in 
1890. 

It  has  beeir  suggested  that  the  persistent  and  thororrgh  application  of 
arry  oil  may  ameliorate  leprosy ; and  good  resrrlts  have  been  especially 
claimed  for  the  cowti  oil  advocated  by  Bhao  Daji  of  Bombay.  The 
latter  oil  has  rrot,  however,  proved  so  irsefrrl  as  chaulmoogi’a  in  the 
experience  of  other  physicians. 

The  Bearrperthrry  treatrneirt,  which  has  beerr  much  lauded,  consisted 
itr  applying  cashew-nut  oil,  as  a local  caustic,  to  the  rrodrrles%nd  patches, 
prescribing  at  the  same  time  careful  diet,  attention  to  the  functioirs  of 
the  skirr  by  freqrrerrt  frictioir  and  baths,  and  other  hygienic  nreasur'es,  as 
well  as  interiral  medicatiorr  Avith  alkalirre  salts  or  perchloride  of  mercruy. 
Tire  cases  Avhich  rvere  reported  as  cured,  hoAvever,  subsequently  r’elapsed. 
iMercur-y,  although  extensively  tried,  has  beerr  of  little  or  rro  therapeutic 
value  irr  leprosy,  except  when  complicated  with  syphilis.  Dr.  Badcliffe 
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4. Crocker  has  ropoitod  good  results  in  two  cases  from  intramuscuLar 
9 injections  of  percliloride  of  mercury.  This  method  was  tried  in  main' 
9 cases  at  Little  Bay  Asylum,  Xew  South  Wales,  without  modification  of 
I the  course  of  the  disease. 

In  some  cases  at  Trinidad  arsenic  was  beneficial.  It  was  admin- 
' istered  as  the  liquor  arsenicalis,  commencing  with  three  minims  and 
y^j;radually  increasing  the  dose  until  the  limit  of  toleration  was  reached. 

In  two  cases  there  was  a marked  diminution  of  the  febrile  nodular 
' exacerbations.  This  drug  has  also  been  employed  in  leprosy  by  Mr. 
d Hutchinson  and  others. 

The  supposed  specific  of  the  Chinese,  “Hoang  Nan,”  has  proved  of 
little  or  no  use  in  Hawaii,  India,  and  elsewhere. 

Danielssen  obtained  better  results  in  leprosy  with  salicylate  of  soda 
rthan  with  any  other  drug.  When  indicated  he  also  gave  cod-liver  oil, 
[■'iron,  quinine. 

Lutz  reported  good  results  from  the  administration  of  salol  in  large 
i doses,  20  to  30  grains  three  times  a day,  and  Cook  in  Madras  also 
I i found  a temporary  mitigating  effect  from  its  use;  but  the  latter  came 

< ultimately  to  the  conclusion,  after  a three  months’  trial  in  twelve  cases, 
r.that  it  has  really  no  therapeutic  value  in  leprosy. 

The  i-educing  remedies,  ichthyol,  resorcin,  pyrogallol,  and  chrysa- 
J’ robin,  have  been  strongly  recommended  by  Unna,  who  has  published 
' ■ cases  of  supposed  “ ciire  ” by  their  use.  Many  observers  have,  however. 
Hound  that,  although  local  improvement  may  be  effected  by  these  means, 
i ■ they  have  not  justified  expectations.  A similar  remark  may  be  made 
in  regard  to  europhen,  which  Goldschmidt  found  useful  in  one  case  in 
. .Madeira.  The  local  application  of  formalin  is  recommended  by 
j i Robertson. 

I Potassium  chlorate  was  given  in  large  doses  by  Caneau  to  a leper  in 
Guadaloupe,  who  took  675  grains  in  three  days,  with  distinct  diminution 

< of  the  nodules.  It  was  tried  on  two  patients  at  the  Trinidad  Asylum  in 
i I doses  amounting  to  80  to  100  grains  a day  for  several  weeks.  Oidy 
I-  slight  decrease  of  the  nodules  was  noticed,  probably  not  more  than  could 
1'  have  been  effected  by  free  j)urging  with  magnesium  salts. 

The  injection  of  tuberculin  has  been  shewn  to  be  practically  valueless 
in  leprosy  by  a considerable  number  of  observers,  including  myself. 

' Constitutional  disturbance  is  as  a rule  produced,  but  of  a somewhat 
I different  character  from  that  caused  iii  tuberculous  patients,  and  some  of 
the  nodules  may  soften  and  disappear.  Fresh  ones,  however,  crop  up,  and 
the  patients  are  generally  no  better  off  after  the  treatment  than  before. 

I have  administered  thyroid  gland  to  two  patients  in  Lngland,  and 
in  one  the  effect  was  apparently  good  ; the  man  felt  better  in  every  way 
after  taking  the  tablets  for  about  a year,  and  had  no  febrile  attacks  ; 
there  seemed  also  to  be  some  lessening  of  the  cutaneous  indui'ation.  In 
Trinidad  it  was  tried  for  a few  weeks  on  five  patients  with  well-flev'elo|)od 
nodidar  leprosy,  with  but  little  effect.  In  most  of  them  the  symptoms 
of  thyroidism  were  produced. 
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The  inoculation  of  erysipelas  in  one  case  has  had  a good  result,  but 
the  treatment  is  dangerous,  to  say  the  least  of  it. 

Experiments  in  connexion  with  blood-serum  therapy  have  been  tried 
at  the  Tiinidad  Asylum  and  elsewhere,  in  the  anticipation  that  a specific 
antitoxin  may  be  discovered  for  leprosy. 

Carrasquilla  injected  the  blood  of  lepers  into  horses  and  subsequently 
injected  the  horse-serum  into  a large  number  of  lejDers  at  Bogota,  and 
published  most  encouraging  results.  His  serum  has  been  widely  tried 
in  other  countries,  but  with  little  or  no  good  effect.  Herman  and 
myself,  in  1896-7,  employed  in  two  cases  in  London  a serum  obtained 
from  a horse  into  whose  jugular  vein  an  emulsion  of  leper-juice  from 
recent  nodules  had  been  introduced.  There  was  an  apparent  beneficial 
effect  in  one  of  the  cases.  A sample  of  the  same  serum  -was  sent  to 
Robben  Island  and  used  by  Atherstone  and  Black  in  two  cases ; they 
reported  that  some  improvement  was  manifest  in  one  of  them,  an 
aiifesthetic  patient.  Many  experiments  in  this  direction  are  now  in 
progress  with  hopeful  anticipations.  Dyer,  in  New  Orleans,  has  had 
good  results  by  injecting  in  several  cases  antivenene  prepared  from  snake 
poison.  Capt.  Rost  has  prepared  a “ leprolin,”  on  the  lines  of  Koch’s 
tuberculin,  from  supposed  cultures  of  leprosy  bacilli,  and  has  reported 
good  results  from  its  use  in  a large  number  of  cases.  AVood  and 
Fleming,  and  several  other  medical  officers  in  India,  have  tried  Rost’s 
preparation  with  more  or  less  improvement  in  the  symptoms  of  the 
disease.  In  all  cases  Capt.  Rost  recommends  an  accompanying  local 
application  of  common  salt. 

Radiotherapy  and  Electricity. — Under  the  influence  of  X-rays  dis- 
coloured patches  and  nodules  often  diminish  and  sometimes  disappear.  1 
have  seen  this  also  take  place  under  radium.  In  the  case  of  the  patient 
whose  arm  is  figured  (Fig.  115),  marked  improvement  followed  a course 
of  high  frequency  electricity  applied  to  the  arm,  sensation  and  con- 
siderable power  returning  in  the  hand  and  digits. 

Surgical. — Surgery  can  do  much  for  lepers ; and  operations,  when 
indicated,  may  be  performed  upon  them  without  hesitation.  Their 
tissues  indeed  heal  with  rapidity,  in  consequence,  it  is  believed,  of  the 
excess  of  fibrin  - factors  Avhich,  as  shewn  by  Danielssen  and  Boeck, 
Hillairet  and  Rake,  is  contained  in  their  blood.  The  mean  percenbige 
of  fibrin  obtivined  fi'om  leprous  blood  at  Trinidad  in  fifty  observations 
was  found  to  be  0'76. 

Amputation  of  a useless  and  encumbering  member  is  sometimes 
advisable,  especially  in  cases  of  gangrene.  Nerve-stretching  has  fre- 
(pxently  been  of  service  in  combating  the  intense  pain  which  may  result 
from  the  neuritis ; indeed,  the  healing  of  perforating  ulcers  may  be  thus 
promoted,  and  impi'oved  sensatioji  may  follow  the  operation.  Of  100 
stretchings  at  the  Trinidad  Asylum  more  or  less  relief  was  experienced 
in  forty-seven.  Cols.  Macleod,  Lawrie,  Downes,  and  others  in  India  have 
employed  nerve-stretching  with  much  benefit ; and  Col.  Macleod  also 
recommended  “ nerve-splitting.”  The  best  treatment  for  perforating  ulcers 
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of  the  sole  was  found  at  Trinidad  to  consist  in  passing  a bistoury  right 
through  to  the  dorsum  of  the  foot,  and  thence  cutting  or  splitting  all 
the  tissues  forward  to  a point  between  the  toes;  the  wound  is  then 
allowed  to  granulate. 

Dead  bone  should  always  be  removed  when  practicable,  and  thus 
gangrene  may  often  be  arrested.  Sinuses  should  be  slit  open,  and  ulcers 
freely  incised  down  to  the  bone.  Iodoform,  carbolic  acid,  or  othei'  anti- 
septic substances  and  dressings  should  be  used. 

Cutaneous  nodules  may  be  freely  excised,  especially  when  they  cause 
obstruction,  as  on  the  eyelids,  prepuce,  etc.;  and  according  to  some 
observers  they  do  not  return.  Free  incisions  are  often  of  service  in 
relieving  the  hide-bound  condition  associated  with  leprous  infiltration  of 
the  skin,  and  in  obstructing  the  nutrition  of  the  new  growth. 

^Vhcn  the  new  growth  is  invading  the  cornea,  iridectomy,  performed 
before  the  iris  is  infiltrated  or  adherent,  may  })reser\'e  some  vision  for  a 
time ; Boeckmanu  and  Kaurin  have  found  keratotomy  sometimes  of  use 
in  saving  a cornea  from  a growth  encroaching  from  the  sclerotic. 
Ti  •achelorrhaphy  is  also  occasionally  indicated  for  the  pai’alytic  ectropion. 

Tracheotomy  frequently  prolongs  life  in  leprosy ; and  there  are  lepers 
going  about  iu  the  various  asylums  in  Norway  who  have  worn  the 
tube  for  many  years.  AVhen  the  larynx  becomes  invaded,  and  dys2)noea 
is  threatened,  the  operation  should  be  performed. 

The  Prophylaxis  of  Leprosy. — If  we  grant  (1)  that  leprosy  is  due 
to  the  presence  of  a specific  bacillus,  (2)  that  the  habitat  of  this  organism 
is  the  human  bod}’,  and  (3)  that  the  parasite  may  pass  from  one  host  to 
another,  it  follows  that  the  most  radical  prophylactic  measure  against 
leprosy  is  the  total  avoidance  of  all  contact  with  lepers,  with  anything 
that  may  come  from  their  bodies,  or  with  anything  that  they  may  touch. 
We  have  seen,  however,  that  practically  the  contagiousness  of  leprosy,  if 
it  exist,  is  comparatively  slight,  that  its  inoculation  is  extremely  difficult 
to  bring  about,  and  that  it  is  a somewhat  rare  event  for  persons  in  associa- 
tion with  lepers  ever  to  contract  the  disease.  Nevertheless,  even  though 
the  risk  be  small,  it  should  be  borne  in  mind  ; and  people  who  have  to 
live  in  leprous  countries,  and  who  may  sooner  or  later,  knowingly  or  un- 
knowingly, come  under  the  influence  of  the  contagium,  such, as  it  i.s,  are 
well  advised  in  avoiding  close  contiguity  with  lepers,  in  preventing  the 
latter  from  handling  food,  utensils,  clothing,  and  the  like,  which  the 
healthy  have  to  use,  and  generally  in  adopting  all  common-sense  sanitary 
precautions.  Medical  men  and  attendants  particularly  should  be  cai’cfid  ; 
and,  if  there  be  abrasions  or  cuts  on  their  hands,  they  slioidd  abstain 
from  touching  the  lepers  until  their  wounds  be  healed ; at  other  times 
after  tending  their  patients  they  should  wash  their  hands  with  antiseptics. 

Indeed,  similar  prophylactic  measures  may  be  taken  as  against 
tuberculosis  and  syphilis,  although  both  of  these  diseases,  it  is  needless 
to  say,  are  far  more  readily  communicable  than  leprosy. 

The  Qnesfion  of  CompuUory  Segregation. — A great  many  sanitary  authori- 
ties recommend  the  absolute  isolation  and  segregation  of  all  lepci's ; l)ut 
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although,  theoretically,  such  a measure  might  Ite  expected  in  time  to 
eradicate  the  disease  from  an  infected  country,  a number  of  valid  argu- 
ments may  be  adduced  to  shew  that  it  is  hardly  practicable  or  even 
advisable  in  many  places.  It  has  been  alleged  over  and  over  again  that 
it  was  in  consequence  of  the  stringent  laws  of  the  Middle  Ages  that 
leprosy  was  stamped  out  in  many  districts,  and  also  that  the  isolation  of 
lepers  in  Norway  is  causing  the  diminution  of  the  disease  in  that  country. 
That  these  attempts  at  isolation  and  segregation  may  have  had  some- 
thing to  do  with  such  results  need  not  be  denied ; it  is  practically 
admitted  above  that  every  leper  may  be  regarded  as  a l)reeder  and 
carrier  of  the  bacilli,  and  thereby  as  a possible  focus  for  the  dissemination 
of  the  disease  ; but  real  isolation  has  never  been  complete,  and  is  never 
likely  to  be.  Even  in  the  olden  times  it  is  well  known  that  Avealthy  and 
powerful  persons  afflicted  with  leprosy  managed  to  escape  the  pains  and 
penalties  and  to  avoid  incarceration,  and  there  must  have  been  many  of 
all  classes  secreted  l>y  their  friends ; as  we  have  seen,  too,  lepers  were 
always  allowed  to  wander  about  and  beg.  The  diagnosis  in  those  days, 
moreovei’,  was  by  no  means  certain,  and  there  can  Ije  no  doubt  that 
lepers  in  the  early  stages  of  their  disease  were  more  frequently  overlooked 
even  than  now. 

In  Norway  there  never  has  been  any  attempt  at  complete  segregation. 
It  is  true  that  in  1856  there  were  nearly  3000  lepers  altogether  in  tliat 
country,  and  that  at  the  present  time  there  are  certainly  less  than  500 ; 
but  the  number  of  the  inmates  in  all  the  as}dums  put  together  never  at 
any  time  exceeded  800,  and  that  number  has  been  gradually^  diminishing 
in  the  last  thirty-five  years  {vide  footnote  on  p.  651).  Until  a few  yeam 
ago,  indeed,  entrance  into  the  asylums  ■was  not  enforced,  even  in  the  case 
of  indigent  lepers;  but  in  1885  a law  was  passed  to  comj)el  those  to 
enter  who  could  not  be  “isolated”  at  home;  that  is,  who  could  not 
arrange  in  their  own  homes  for  a separate  bed,  separate  clothes,  separate 
utensils,  and  so  forth.  Indeed,  the  isolation  and  segregation  of  lepers 
in  Norway  is,  even  now,  only  ])artial ; and  in  1888  I found  that  the 
patients  were  frequently  allowed  to  leave  the  hospitals  and  walk  about 
the  neighbouring  roads.  The  individually'^  so-called  “isolated”  jiatients 
throughout  the  country  must  of  cour.se  have  even  greater  freedom. 

It  must  be  admitted,  however,  that  it  is  only^  since  these  measures, 
incomplete  though  they  be,  have  been  adopted  that  leprosy  in  Norway 
has  actually  declined  ; although  this  decline  may^  have  been  also  favoui-ed 
by  the  improved  sanitation,  better  food,  and  increased  prospei'ity’  of  the 
people.  Hansen  believes  that  in  1920  “there  will  be  no  more  leprosy 
in  Norway'’.” 

Elders  has  shewn  that  the  recent  more  stringent  segregation  of  the 
lepers  of  Iceland,  and  the  education  of  the  peoj)le  in  reference  to  its 
communicability',  have  lieen  accompanied  by  a marked  diminution  of 
leprosy  in  that  island — in  five  years  from  200  to  133 — and  that  within 
the  same  period  there  has  been  no  material  change  in  the  habits  or  food 
of  the  inhabitants. 
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In  the  Siindwich  Islands,  on  the  other  hand,  most  determined  cn- 
tleavonrs  luive  been  made  since  1SG5  to  segregate  the  lepers  completel}'  ; 
but  the  ctl'orts  have  certainly  not  mot  with  the  success  anticipated,  either 
in  the  discovery  of  all  the  lepers  or  in  the  marked  diminution  of  the 
disease  throughout  the  country.  Numbers  of  affected  j)erso)is,  to  evade 
separation  from  their  families,  have  been  secreted;  and  in  spite  of  the 
stringent  laws  leprosy  went  on  steadily  increasing  in  the  islands  until 
1890  at  any  rate,  since  which  date  a slight  decrease  has  been  noted. 
The  ultimate  success  of  the  Hawaiian  segregation  remains  yet  to  l>e 
I seen. 

In  reference  to  this  cpiestion  the  following  conclusions  were  adopted 
at  the  “International  Leprosy  Conference”  in  Berlin  in  1897  : — 

1.  In  countries  where  lepros\"  forms  foci  or  has  a great  extension, 

' isolation  is  the  best  means  of  preventing  the  sjn-ead  of  the  disease. 

2.  The  system  of  obligatory  notification,  of  observation  and  isolation 

, as  carried  out  in  Norway,  is  recommended  to  all  nations  with  local  self- 
government  and  a sufficient  number  of  physicians. 

3.  It  should  be  left  to  the  legal  authorities,  after  consultation  Avith 
the  medical  authorities,  to  take  such  measures  as  are  applicable  to  the 
special  social  conditions  of  the  districts. 

In  most  countrie.s,  indeed,  Avhere  leprosy  exists  on  a large  scale,  it 
t may  be  taken  for  granted  that  a harsh  measiire  of  complete  compulsory 
segregation  is  impracticable  ; but  legislation,  someAvhat  on  the  NorAvegian 
I lines,  might  A'ery  Avell  be  adopted  in  all  places  Avhere  the  disease  is 
eridemic.  In  such  countries  lepers  should  be  prevented  from  freely 
I mixing  Avith  other  people  ; from  carrying  on  any  occupation  Avhich  ma\’ 

> bring  them  into  contact  Avith  the  healthy,  or  any  trade  connected  Avith 
' food,  clothing,  and  the  like.  Unless  they  can  be  maintained  in  theii- 
I OAvn  homes  Avith  j)i-oper  sanitary  precaiitions,  they  should  l>e  treated  in 
special  hospitals,  and  mendicant  lepers  should  be  secluded  in  suitable 
I institixtions.  In  India  and  similar  places  the  establishment  of  leper 
farms  or  colonies  might  be  encouraged  after  the  ]fians  Avhich  are  said  to 
Avork  so  Avcll  in  Cyprus  and  at  Sialcote ; and  although  matrimony  and' 
sexual  intercourse  shoidd  obviously  be  discouraged,  there  is  no  need  to 
add  further  to  the  miseries  of  their  existence  by  separating  huslxand  and 
Avife,  or  even,  in  some  cases,  by  prohibiting  the  marriage  of  lepers  ; for, 
as  Ave  haA'e  seen,  the  prospect  of  their  procreating  children  is  comjAaratively 
small.  Any  children  born  in  such  settlements  should  be  brought  up  in 
separate  orphanages. 

I’niNEAS  8.  Abraham. 
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By  Lieut.-Col.  K.  II.  Fiktii,  K.A.M.C. 

Synonyms. — The  lumic  Frumboesia  ■was  originally  given  to  this  disease 
by  Sauvages  in  1759,  from  the  French  word  framboise,  a rasp- 
berry, because  of  the  resemblance  of  the  characteristic  growths  on 
the  skin  to  that  fruit.  In  the  West  Indies  the  colloquial  name  for 
it  is  >iau's,  possibly  from  the  native  word  meaning  a strawberry.^ 
Similarly,  in  the  French  Antilles  it  is  called  plan-,  in  the  Brazils, 
hoha ; on  the  West  African  coast,  guftu,  duhe,  and  tangara ; in  the 
Moluccas,  hnntoii  d'amboine ; in  Fiji,  coko ; in  New  Caledonia  and  the 
Samoan  Islands,  tonga  or  tono ; in  Ceylon,  parangi ; and  in  South 
Africa  among  the  Basutos,  mahtola. 

Short  Description. — A chronic,  specific,  and  contagious  disease,  chai’- 
acterised  by  an  eruption  of  raspberry -like  tubercles,  usually  accompanied 
by  more  or  less  constitutional  disturbance,  and  tending  slowly  to  spon- 
taneous cure. 

Distribution. — Yaws  is  essentially  a disease  of  tropical  climates, 
being  found  chiefly  in  Dominica  and  Jamaica  in  the  West  Indies ; on  the 
West  Coast  of  Africa  for  about  10°  on  each  side  of  the  Equator;  in 
Madagascar  and  Mozambique  ; in  Oceania,  chiefly  in  Fiji,  NeAv  Caledonia, 
and  Samoa ; in  tropical  South  America ; in  China,  Ceylon,  Java,  and 
Sumatra ; and  less  commonly  in  Assam  and  some  i^arts  of  India  and 
South  Africa. 

History. — Although  Ali  Abbas,  an  Arabian  physician  writing  in  977, 
mentions  a disease  under  the  name  of  “safat,”  which  may  possibly  have 
been  yaws,  our  first  reliable  accounts  of  the  affection  are  by  Oviedo,  who 
met  with  it  in  St.  Domingo,  and  writes  of  it  under  the  name  “bubas.” 
Subsequently,  in  the  seventeenth  century,  we  find  various  medical 
accounts  of  it  from  the  Brazils  aiifl  the  West  Indies,  by  Piso,  Boutins, 
and  Labat ; a hundred  years  later,  Sauvages  recalled  attention  to  it  in 
his  classical  work  Nosologia  methodim.  It  is,  however,  chiefly  to  Oavin 
Milroy,  Murray,  Bowerbank,  Maegregor,  Charlouis,  Kynsey,  and  other 
observers  of  the  last  thirty  years,  that  we  owe  most  of  our  present  know- 
ledge of  it.  As  in  the  case  of  most  other  diseases,  we  have  no  veiy 
precise  knowledge  how  this  peculiar  affection  originated  ; but  sufficient  is 
known  to  justify  our  belief  that,  so  far  as  its  prevalence  in  the  M'est 
Indies  is  concerned,  the  original  habitat  of  yaws  was  the  AVest  Coast  of 
Africa,  whence  it  spread  by  the  exportation  of  negro  slaves  to  the 
Spani.sh  Indies.  On  the  other  hand,  there  is  evidence  to  shew  that, 
notwithstanding  an  extensive  negro  immigration,  many  regions  of  the 

’ Niclioll.s  has  .sugrgested  that  the  Celtic  -word  ins,  pronounced  yas,  and  meaning  heat, 
boiling,  or  bubbling  up,  is  the  true  .source  of  the  English  derivation  of  the  name  yaws. 
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tropics  have  been  free  from  yaws ; and  that  it  has  raged  in  the  past,  or 
exists  now  in  other  parts  of  the  woi’ld,  such  as  Polynesia,  whither  no 
importation  of  negroes  has  taken  place. 

During  the  period  of  slavery  the  disease  appears  to  have  prevailed 
with  some  virulence  in  the  West  Indies,  where  special  means  had  to  he 
adopted  for  the  isolation  and  treatment  of  those  affected.  In  some 
islands,  notably  in  Dominica,  after  the  abolition  of  slaveiy  the  disease 
largely  increased,  owing  apparently  to  the  lessened  supervision  which  the 
authorities  were  able  to  exercise  over  the  housing  and  general  condition 
of  the  negroes.  In  -Jamaica,  on  the  other  hand,  Bowerbank  relates  that  a 
diminution  took  place  after  the  emancipation  ; this  he  attributed  to  the 
cessation  of  the  practice  of  inoculation  which  previously  had  been  prevalent 
among  negroes.  In  recent  years  several  recrudescences  of  the  disease 
have  taken  place,  while  Antigua  and  Barbadoes  are  now  practically  fi'ee 
from  the  affection.  It  is  still  met  with  on  the  West  African  coast,  and 
was  observed  in  Assam  in  1896. 

Etiology. — Yaws  is,  as  I have  said,  essentially  a disease  of  the 
tropics  ; though  possibly  the  “ morula,”  or  button-scurvy  of  Ireland  (now 
extinct,  but  described  by  Wallace,  Corrigan,  and  other  writei’s,  from  1823 
to  1851,  as  a contagious  disease  prevalent  in  the  south  and  interior  of 
that  island),  was  closely  allied  to  if  not  identical  with  it.  Neither  sex 
nor  age  is  exempt  from  yaws,  l)ut  it  is  most  common  in  children  from  one 
to  fifteen  years  of  age.  Pace  has  a disposing  influence,  as  negroes  are 
peculiarly  liable  to  it ; mulattoes,  creoles,  and  pure  whites  are  less  sus- 
ceptible. There  is  much  reason  to  think  that  the  comparative  immunity 
of  the  latter  is  because  they  are  less  often  exposed  to  contagion. 
There  is  little  oi-  no  evidence  to  shew  that  either  any  particular 
form  of  diet  or  heredity  has  any  special  effect  on  the  causation  of  the 
disease.  What  paj-t  heredity  plays  in  the  extension  of  frambmsia  is 
difficult  to  appraise,  but  it  is  beyond  dispute  that  children  are  never 
born  suffei'ing  from  }\aws.  It  is  common  enough  in  young  children,  but 
ordy  when  there  have  been  opportunities  for  contact.  For  some  ^fetatistics 
on  this  point  Dr.  Rat’s  work  should  be  consulted. 

The  negroes  of  the  West  Indies  universally  believe  that  one  attack 
protects  against  another,  and  no  doubt,  as  a rule,  framboesia  is  not  con- 
tracted twice ; but  cases  are  not  rare  in  Avhich  a second  infection  has 
followed  a first  attack.  This,  however,  is  not  opposed  to  our  experience 
in  other  specific  diseases,  such  as  scailet  fever  and  small-pox.  Maegregor 
says  that,  in  Fiji,  the  notion  prevails  that  unless  a child  suffer  from  coko 
he  will  not  grow  uj)  to  be  a healthy  adult ; to  attain  this  end,  children 
ai'e  either  inoculated  with  the  disease  or  sent  to  live  in  the  same  hut 
with  persons  already  sufi'ering  from  it. 

Considei-able  importance  has  been  attached  in  the  past  to  insanitary 
conditions  of  life  among  negroes  and  other  native  populations ; but  these 
have  oidy  an  indirect  influence,  certainly  aggravating  the  type  of  the 
disease,  and  favouring  its  dissemination,  but  not  producing  it. 

That  framboesia  is  contagious  is  undoubted.  Every  one  who  has  had 
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,iuiy  experience  of  the  disease  in  its  endemic  centres  knows  that  the 
:atl‘cction  spreads  by  contact,  and  that  it  is  rare  to  meet  Avitii  a case  where 
;a  pre-existent  case  could  not  be  traced  in  the  immediate  surroundings  of 
it  the  patient.  It  is  inoculable  through  an  abrasion  or  sore,  but  not  through 
I the  unbroken  cuticle.  Ulcers  on  the  foot  or  leg  arc  common  2)oints  of 
.entrance  for  the  virus  in  negroes.  It  attacks  only  those  living  in  contact 
with  the  diseased.  The  uncleanly  are  more  liable  to  attack  than  the 
I cleanly  ; l.nit  healthy  and  cleaidy  alike  take  the  disease  if  they  be  brought 
into  direct  contact  with  the  infected.  Thus,  it  may  be  transmitted  b}' 

I sexual  intercourse,  or  from  a child  to  its  suckling  mother,  and  conversely. 
The  common  house-Hy  is  believed  frequently  to  be  the  vehicle  of  contagion  ; 
similarly,  transmission  of  the  disease  may  follow  wearing  the  clothes  or 
sleeping  on  the  mat  of  an  affected  person,  oi‘  even  the  suctorial  acts  of 
ticks  and  other  parasitic  insects.  The  disease  does  not  seem  to  bo  often 
contracted  otherwise  than  by  positive  contact  of  the  healthy  with  the 
diseased ; and  aerial  infection  is  practically  non-existent.  This  latter 
fact  is  shewn  by  the  experiences  of  those  attending  the  sick  in  the 
yaws  hospitals,  where,  so  long  as  the  nurses  are  cleanly  and  arc  careful 
not  to  abrade  the  skin,  they  do  not  contract  the  affection.  Keelan’s 
experiences  in  Dominica  suggest  that  vaccination  mitigates  or  prevents 
fi-ambmsia.  He  found  that  of  the  greater  number  of  cases  of  the  disease 
which  came  under  his  notice,  veiy  few  were  vaccinated,  and  that  the 
few  who  had  been  vaccinated  were  attacked  mildly.  This  aiqwently 
favourable  connexion  between  framba'sia  and  vaccination  has  not  been 
corroborated  by  other  })hysicians. 

Of  interest  in  relation  to  the  etiology  of  the  disease  is  the  observation 
that  fowls  suffer  from  tubercles  on  the  head  and  parts  not  well  ])rotected 
by  feathers,  which  closely  resemble  those  seen  in  man  afflicted  with  fram- 
boesia.  Hitherto,  in  spite  of  several  attempts  to  transmit  the  human  disease 
to  fowls  and  animals,  no  trustworthy  evidence  has  been  brought  forward  to 
shew  that  this  affection  of  fowls  is  either  inocadable,  or  that  it  is  identical 
with  yaws  in  man.  The  general  view,  among  competent  observers,  is 
that  the  affection  in  fowls  is  really  molluscum  contagiosum,  and  quite 
I distinct  from  frambeesia.  In  this  connexion,  it  is  interesting  that  a 
spirochaetal  affection  is  known  to  exist  in  fowls,  and  that  Marchoux  has 
shewn  that  it  is  transmitted  from  one  bird  to  another  by  means  of  a 
tick,  Arr/as  miniatna  (vide  {).  194).  We  know  that  spirochretse  are  present 
in  certain  cases  of  yaws,  and,  in  view  of  the  remarkable  developments 
in  recent  years  of  the  part  played  Iry  insects  in  the  dissemination  of 
jn’otozoan  diseases,  it  seems  advisalrle  to  keep  an  open  mind  as  to  the 
possible  relation  Iretween  the  human  affection  and  that  of  fowls. 

Pathology. — Frambfpsia  tubei’cles  present  no  very  characteristic 
histological  features.  AMien  examined  they  appear  to  be  composed 
I e.ssentially  of  granulation-tissue,  which  represents  a dermatitis  confined 
' mainly  to  the  papillary  layer,  extending  more  or  less  into  the  coriiun  and 
invading  the  skin-glands  and  hair-follicles.  The  epider’mis  is  usually 
detached,  attd  the  r-ete  infiltrated  with  leucocyte.s.  The  exciting  cause 
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of  these  inflammatory  changes  is  undoubtedly  a specific  infective  virus. 
Pierez  descril)es  a micrococcus,  obtained  from  tubercles  of  frambcesia, 
which  he  is  disposed  to  regard  as  the  exciting  organism ; but  he  has 
not  shewn  that  a disease,  identical  with  frambcesia,  results  in  an  animal 
inoculated  with  a pure  culture  of  this  micrococcus.  Apparently  the 
same  inicrococcus  has  been  constantly  found  by  Nicholls  in  the  secre- 
tions from  the  granulomas  characteristic  of  yaAvs,  and  also  in  abundance 
in  the  tissues  of  persons  suffering  from  the  disease,  no  other  pathogenetic 
microbe  being  found  in  association  Avith  it.  In  no  instance  AA’as  this 
micro-organism  discovered  in  the  blood,  although  it  has  been  successfully 
cultivated  in  serum.  Pure  cultures  of  this  micrococcus  of  yaAvs  sheAv 
that  its  microscopical  characters  are  constant,  and  that  its  macroscopical 
reactions  differ  from  those  of  all  other  micrococci.  The  loAver  animals 
are  probably  immune,  inoculations  giving  negative  results,  as  does  like- 
Avise  inoculation  Avith  secretions  from  the  granuloma.  In  the  absence  of 
the  conclusive  proofs  of  the  pathogenesis  of  this  microbe — namely,  the 
production  of  the  disease  in  healthy  animals,  and  the  after-discovery  of 
the  micro-organism  in  the  fluids  or  tissues — it  cannot  be  supposed  that 
the  microbe  is  the  contagium  of  the  disease  ; on  the  contrary,  it  may  be 
regarded  as  one  of  the  many  saprophytes  common  in  the  secretions  of 
ulcerated  surfaces.  Dr.  Castellani’s  obsei’A'ation  as  to  the  presence  of 
spirochaette  (vide  p.  4G)  requires  confirmation,  and  further  information  is 
necessary  as  to  the  constancy  Avith  Avhich  these  protozoa  are  present  in 
framboesial  tissues.  ^Vhat  little  is  knoAvn  at  present  points  strongly  to 
the  vieAv  that  the}^  have  a direct  bearing  upon  the  causation  of’  these 
lesions. 

Symptoms. — There  are  practically  four  stages  in  this  disease  : First, 
one  of  incubation,  lasting  from  tAvo  to  seven  Aveeks  Avithout  any  A'ery 
special  symptoms ; second,  a period  marked  by  a febrile  condition  Avhicli 
lasts  from  two  to  eight  days,  terminating  usually  Avith  the  appearance 
of  an  eruption  ; third,  a period  marked  by  successiA'e  crops  of  the 
eruption,  Avhich  may  last  from  a feAv  months  to  tAvo  years  ; and,  fourth, 
a lengthened  period  of  sequels,  often  extending  OA'er  five  or  seven  }’’ears. 

The  inruhationr-period  is  difficult  to  determine,  and  has  been  A’ariously 
stated  by  difl’erent  observers.  Paulet,  Avho  inoculated  healthy  negroes 
Avith  yaAA's  fluid,  puts  it  doAvn  from  ten  to  tAventy  days ; but  extensive 
clinical  experience  indicates  that  it  varies  from  a fortnight  to  tAvo  months. 

rremouitori/  Stage. — During  this  period  there  may  be  no  disturbance 
of  health  ; but  not  infrequently  there  are  A’ague  pains  in  the  liinbs,  ])al- 
pitation,  indigestion,  and  even  fever.  These  constitutional  disturbances 
are  usually  more  marked  in  children  than  in  adults.  In  negroes  the 
skin  commonly  loses  its  lustre,  becoming  scaly  and  often  lighter  in  colour. 
These  .symptoms  often  remit  before  the  appearance  of  the  eruption,  Avhich 
occurs  in  from  seven  to  ten  days,  and  is  preceded  by  enlargement  and 
tendei'ness  of  the  lymphatic  glands.  At  this  time,  if  a case  be  closely 
examined,  the  seat  of  inoculation  may  perhaps  be  discovered  as  a minute 
papule  exuding  a pale  yelloAv  fluid,  or  even  as  a A'erj’’  slight  groAvth  of 
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fininuhitioii-tissue.  But  more  commonly,  in  spite  of  careful  search,  no 
1 -ision  indicative  of  the  point  of  entrance  of  the  poison  is  to  be  found. 
( f by  chance  the  virus  of  yaws  happen  to  have  gaiuetl  access  to  the  body 
» arough  an  e.visting  ulcer,  this  will  be  noticed  to  have  retrograded  and 
I lecome  unhealthy-looking. 

V ErnpHve  Stage. — The  eruption  makes  its  appearance  as  a small  papide, 
f-sually,  but  not  necessarily,  on  the  scar  of  an  old  wound  or  sore,  giving 
i clue  to  the  seat  of  inoculation.  More  often  it  consists  of  slightly  elevated 
» apules  about  the  size  of  a pin’s  head,  single  or  scattered  over  the  body, 
'lid  having  a broad  base  ; if  situated  on  the  lips  it  looks  like  a com- 
I lencing  herpes.  Tn  a few  days  the  papules  enlarge,  forming  tuliercles 
- arying  from  a quarter  of  an  inch  to  two  inches  in  diameter.  As  the 
1 lapule  increases  the  epidermis  splits  or  cracks,  exposing  a raw  papillary 
urface  from  which  oozes  a yellowish  white  sero-purulent  fluid.  Unless 
rritated  these  tubercles  do  not  resemble  the  raspberry.  The  yaws  are 
t.  isually  circular  in  form,  and  all  sizes  may  be  met  with  on  the  same 
latient,  varying  from  a pin’s  head  to  that  of  a golf-ball  or  even  larger, 
:.nd  in  every  stage  of  progress.  Generally  they  are  discrete  ; but  some- 
imes  they  occur  in  groups,  or  arranged  in  a circle  enclosing  healthy 
■kin.  This  variety  is  sometimes  spoken  of  as  “ ringworm  yaws.” 

Imray  has  described  two  unusual  forms  of  the  eruption.  In  one  the 
r ubercles  are  rej)laced  by  circular  scurfy  areas  of  different  sizes.  These 
ire  known,  among  the  negroes,  as  dartres,  and  are  very  persistent  and 
'•ebellious  to  treatment.  The  other  variety  appears  as  small,  slightly 
)rominent  vesicles  distributed  over  the  body,  called  grutelle ; they' 

•'reiiuently  follow  an  ordinary  eruption  of  yaws,  and  are  also  very  difficult 
-o  cure. 

'When  the  disease  attacks  the  soles  of  the  feet  or  the  palms  of  the 
lands  it  is  called  tuhhee- ov  “crab  yaws.”  The  epidermis  being  usually' 
/eiy  thick  in  these  situations  the  yaws  are  unable  to  expand,  and  thus 
I give  rise  to  much  pain.  When  they  do  break  through,  the  resulting 
.growth  is  often  small,  but  secretes  an  abundant  serous  fluid.  Sometimes 
these  cases  present  a honeycombed  appearance  from  the  excess  of  exuda- 
dou  and  the  thickening  of  the  cuticle  around  the  openings. 

In  some  rare  instances  one  of  the  frambmsia  tubercles  may  assume 
very'  large  proportions — one  or  two  inches  in  diameter — projecting  from 
the  skin  like  the  other  y'aws,  and  covered  with  yellow  scabs.  Such  a 
tubercle  receives  the  name,  among  the  English,  of  “ mother  yaw  ” ; and 
in  the  French  patois  of  some  West  Indian  islands  is  called  a “ maman 
plan.”  While  all  the  smaller  yaws  may  entirely  disappeai-  this  large  0!ie 
may  remain,  and,  if  neglected,  ulcerate,  eating  its  way  into  the  tissues, 
causing  extensive  and  often  irreparable  destruction  of  the  soft  parts,  and 
■setting  up  extreme  constitutional  irritation  and  emaciation. 

The  simplest  and  most  ordinary  tubercles  of  frambmsia  do  not  usually' 
idcerate  ; but,  attaining  a certain  size,  form  a yellow  scab,  shrink,  and 
finally',  on  the  crust  falling  off,  leave  purplish  blue  spots.  In  some 
instances  the  scabs  form  to  such  an  extent  as  to  produce  crusts  closely' 
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resembling  rupia ; if  the  scab  be  removed  the  surface  left  is  commonly 
bright  i-ecl  in  colour,  and  not  at  all  unlike  a raspberry ; but  in  old  and 
asthenic  cases  the  secreting  surface  is  a dull  yellowish  white.  When  the 
yaws  are  in  moist  situations,  as  round  the  mouth,  nostrils,  or  anus,  on  the 
perineum,  or  in  the  folds  of  the  thighs  and  nates,  crusts  do  not  form  ; the 
lesion  then  closely  resembles  a syphilitic  mucous  tubercle.  Unless  on  some 
very  exposed  pait,  or  Avhen  ulcerated,  the  tumours  are  not  very  sensitive; 
they  often  itch  and  emit  a curious  musty  and  offensive  smell.  The  yaws 
tubercles  are  relatively  rare  on  the  scalp  and  trunk,  but  are  most  frequent 
on  the  face  at  the  corners  of  the  mouth  and  nostrils,  on  the  neck,  arms, 
axilhe,  legs,  thighs,  buttocks,  and  vulva. 

The  constitutional  disturbance  during  this  eruptive  stage  is  variable; 
frequentl}"  the  patient  has  a good  appetite,  is  able  to  move  about,  and, 
except  for  the  preseTice  of  the  yaws,  is  apparently  in  good  health : in 
other  cases  there  are  distinct  fever,  muscular  pains,  occasionally  cramp.«, 
loss  of  appetite,  debility,  and  ana?mia.  The  eruption  may  last  from 
a couple  of  months  to  a couple  of  years,  successive  crops  of  tul^ercles 
coming  out  at  intervals ; but  the  duration  largely  depends  upon  treat- 
ment, food,  and  hygienic  conditions.  Occasionally  one  or  two  tubercles 
may  a{)pear  some  length  of  time  after  every  sjunptom  of  the  disease  has 
disappeared,  flow  far  these  are  recrudescences  of  the  original  disea.se, 
or  the  effect  of  a reinfection,  is  at  jiresent  unceilain ; probablj'^  the  latter 
is  the  case. 

The  most  chai’acteristic  features  of  yaws  are  that,  unless  pressed 
firmly,  they  are  not  tendei' ; and  they  do  not  degenerate  and  ulcerate 
except  under  irritation,  bad  treatment,  and  enfeebled  general  health. 
Their  general  tendency  is  to  cure,  gradually  shrivelling  up  and  falling 
off,  and  leaving  a pigmented  spot  which  eventually  disappears.  The 
lymphatic  enlargement,  which  in  some  cases  may  be  extreme,  invaiiably 
subsides  as  involution  begins.  With  the  disappearance  of  the  eruption 
the  general  health  recovers ; and  in  ordinary  cases  no  after-effects  are 
experienced.  All  cases,  however,  do  not  terminate  in  this  favourable 
manner ; this  is  particularly  true  if  the  patient  be  unable  to  get 
good  food,  be  scrofulous  and  debilitated,  or  be  placed  in  unfavourable 
conditions.  In  these  cases,  instead  of  the  tubercles  gradually  disappear- 
ing, they  ulcerate  freely,  involve  deep  parts,  and,  if  death  do  not  in  the 
meantime  occur  from  exhaustion,  pyaemia,  or  septic:emia,  they  heal 
slowly,  leaving  irregular  and  extensive  cicatrices.  It  is  not  uncommon 
in  the  West  Indies  to  see  men  and  women  helpless  cripples,  as  the  result 
of  contractions  and  stiffened  joints  following  the  healing  of  these  ulcers. 
In  the  more  sevei-e  cases  gangrene  of  the  toes  and  feet  has  been  known 
to  follow  ; while  iti  rarer  instances  ulceration  of  the  nasal  bones  has  been 
seen.  These  severe  cases  w'ere  much  more  prevalent  in  the  past  than 
now,  and  v'ere  probably  due  to  imperfect  methods  of  treatment — more 
especially  to  the  abuse  of  mercury.  Except  in  these  extreme  circum- 
stances, the  internal  organs  are  unaffected  ; few  cases  are  fatal  if  properly 
treated. 
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i Diagnosis. — The  presence  of  initial  {japnles,  Avhich  enlarge  to  tubercles 

I ver  -which  the  epidermis  splits,  leaving  bare  a I'aspberry-like  tnmonr 
I Tiich  remains  stationary  for  months,  with  a yellowish  discharge,  not 
i.-ainfnl,  and  teiuling  to  spontaneous  cure  without  scarring  uidess  ulcerated 
i rom  irritation  or  defective  health,  should  afford  sufficiently  characteristic 
t eatures  to  distinguish  framba'sia  or  yaws  fi-om  other  diseases.  The 
f irincipal  affection  with  which  it  may  be  confounded  is  syphilis.  From 
t .linost  the  earliest  times  in  which  we  have  any  written  account  of  yaws 
I intil  the  present  day,  the  disease  has  been  confounded  with  syphilis. 
K slost  of  the  older  authorities  describe  it  as  the  venereal  disease ; and  a 
uew  medical  men  of  the  present  time  still  believe  in  its  syidiilitic  nature  : 
out  the  majority  of  those  observers  who  have  had  opportunities  of 
lobserving  l)oth  diseases  are  of  opinion  that  frambiesia  is  a peculiar 
(disease.  The  identity  of  syphilis  and  yaws  has  been  supported  by 
,'Mr.  Hutchinson,  in  his  preface  to  Dr.  Numa  Kat’s  essay  on  the 
(ilisease,  in  which  it  must  be  admitted  the  accounts  given  of  so-called 
♦ y^aws  are  indistinguishable  from  syphilis,  and  largely  support  Mr. 
t tiutchinson’s  opinion  that  if  “ yaws  be  not  syphilis,  it  is  clear  that  it 
t offers  a very  exact  parallel  to  it.”  If  yaws  really  presents  the  train  of 
a -symptoms  described  in  some  of  the  cases  quoted  by  Dr.  Numa  Rat,  and 
( upon  Avhich  Mr.  Hutchinson’s  opinions  have  been  based,  the  disease  is 
I undoubtedly  syphilis. 

The  present  position  of  the  controversy  upon  the  specific  nature  of 
I framba'sia  is  mainly  one  of  diagnosis.  There  can  l)e  little  doubt  that  in 
i many  cases  described  as  }uiws  the  diagnosis  has  not  been  too  critical. 
) All  observers  recognise,  if  they  do  not  actually  subscribe  to  the  view, 
'I  that  the  relationship  of  yaws  to  syphilis  is  a most  intimate  one.  In  my 
^ experience  the  similarity  of  the  later  manifestations  of  both  diseases 
t is  remarkable.  Moreover,  the  favourable  effect  of  anti-syphilitic  treat- 
fl'inent  in  advanced  cases  of  yaws  points  strongly  to  the  syphilitic  origin 
^lof  the  affection.  There  is  further  evidence  in  support  of  this  view  that 
i{iin  many  places,  notably  Fiji,  the  incidence  of  yaws  is  coincident  with  an 
ijiimmunity  to  syphilis;  while  the  recent  observations  made  by  Dr.  Castel- 
(illani  upon  cases  of  parangi  in  Ceylon,  wherein  he  has  demonstrated  the 
i - existence  of  spiroch;et?e  in  the  yaws  tissues  and  juices,  point  strongly 
I ’ to  a common  origin  for  the  two  diseases.  Certainly,  the  spirocha'tse  found 
in  these  cases  of  yaws  appear  to  be  identical  with  the  S.  palHda  of 
■ .Schaudinn,  and  now  recognised  generally  to  be  a constant  concojuitant  of 
1 primary  and  secondary  syphilitic  lesions  (vide  p.  T6). 

On  the  other  hand,  there  are  undoubted  differences  between  syphilis 
I and  yaws  which  are  difficult  to  explain : these  are  the  mode  of  infection, 

I the  character  of  the  secondary  or  later  eruptions,  the  rare  occurrence  of 
I tertiary  framboesial  affections  of  the  nervous  system,  the  affection  of  the 
I permanent  teeth,  etc. ; but  in  most  cases,  on  careful  consideration,  these 
differences  are  veiy  often  explicable.  If  syphilis  and  yaws  are  not  pre- 
. cisely  identical  at  the  present  time,  yet  there  is  much  evidence  to  suggest 
! that  at  one  time  they  must  have  been  most  intimately  related,  and  that 
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such  intimacy  was  so  great  that  the  two  diseases  haA'e  developed  from  a 
parent  form  common  to  both.  The  last  word  has  yet  to  be  said  on  this 
controversy,  and  it  seems  advisable  to  withhold  the  formation  of  any  very 
definite  opinion  until  we  are  in  possession  of  more  exact  scientific  data  as 
to  the  etiology  of  yaws. 

Treatment. — Kecognising  that  framboesia  is  a highl}^  contagious 
disease,  the  first  duty  is  to  secure  adequate  isolation  of  the  sick  person. 
In  Dominica,  Grenada,  and  St.  Lucia  this  first  princiide  of  prophylaxis  is 
so  Avell  realised  that  infected  persons  are  compelled  to  go  into  a yaw 
hospital  under  penalty  of  im])risonment.  Compulsory  segregation  of  the 
infected  sick  by  themselves  is,  however,  insufficient ; no  system  of  dealing 
with  the  disease  can  be  considered  efficient  that  does  not  further  provide 
for  (a)  the  isolation,  as  far  as  possible,  of  infected  houses  ; (i)  the  thorough 
disinfection  afterwards  of  these  houses,  and  the  destruction  or  disinfec- 
tion of  the  clothes  and  bedding  used  by  the  sick ; (c)  the  demolition  of 
the  wretched  hovels,  so  common  in  endemic  centres  of  this  afiectioii, 
which,  by  reason  of  the  clinging  of  contagion  to  them,  are  so  constant  a 
danger  to  the  public  health ; (d)  a rigid  enforcement  of  ordinary  sanitary 
precautions ; (e)  the  compulsory  notification  of  all  cases  of  yaws  to  the 
local  sanitary  authority. 

The  first  essential  in  the  actual  treatment  of  the  attack  is  the 
cleansing  of  the  patient  by  means  of  Avarrn  baths  and  soap.  Special 
care  must  be  taken  to  avoid  chills,  as  exposure  to  cold  often  causes 
a disappearance  of  the  eruption,  accompanied  by  much  constitutional 
disturbance.  The  food  must  be  nourishing,  consisting  of  fresh  meat, 
fish,  rice,  yams,  and  diluent  drinks,  combined  with  medicinal  tonics. 
Locally,  disinfectant  lotions  of  boric  or  carbolic  acids,  or  of  corrosive 
sublimate,  are  of  the  first  importance.  The  acid  reaction  of  the  secretion 
from  yaws  tubercles  has  suggested  the  use  of  alkali  as  a local  dressing. 
Both  Modder  and  Rat  state  that  excellent  results  follow  the  use  of 
lotions  containing  either  bicarbonate  of  soda  or  carbonate  of  ammonia, 
of  the  strength  of  ten  grains  to  the  ounce.  Sulphate  of  copper  is 
efficacious  as  a topical  aj)plication  ; so  likcAA'ise  are  iodoform  and  weak 
nitrate  of  mercuiy  ointment.  The  use  of  mercury  in  this  disease  needs 
the  utmost  care  and  supervision,  as  its  abuse  has  been  largel\^  responsible 
in  the  past  for  the  severity  and  fatality  of  many  cases : it  cannot  be 
regarded  as  a specific  remedy  for  the  disease,  as  it  is  for  syphilis,  but, 
given  in  minute  doses  for  a short  time,  mercury  seems  to  act  as  a 
beneficial  alterative.  Of  other  internal  remedies  iodide  of  potassium 
Avith  arsenic  is  A^ery  valuable,  Avhile  in  some  cases  iron  and  sulpho- 
carbolate  of  calcium  are  of  the  greatest  benefit.  Arsenic  is  very 
successful  in  the  cases  in  Avhich  the  eruption  is  badly  developed  or  scaly, 
as  in  the  fian  dartre,  variety.  When  the  feet  and  hands  are  aflected, 
prolonged  soaking  in  hot  Avater  is  often  required  in  oi-der  to  soften  and 
remove  the  tliick  epidermis ; the  exposed  yaws  groAvth  can  then  be 
successfully  treated  on  the  lines  indicated  above. 

During  com-alescence  iron  and  arsenic  should  both  be  administered 
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t over  long  periods ; while  in  ;dl  stages  of  the  atlectioii  i)erfect  cleanliness 
fc  and  the  best  hygienic  conditions  are  needed,  both  for  the  sake  of  the 
I'Siek  aiul  of  those  brought  into  contact  with  them. 


K.  H.  Firth. 
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By  Lieut. -Col.  K.  H.  Fiiith,  R.A.M.C. 

Short  Description. — A chronic  infectious  febrile  disease,  prevalent  in 
certain  narrow  steep-sided  and  confined  valleys  on  the  western  slopes  of 
the  Andes,  characterised  by  an  irregular  prolonged  and  often  inter- 
mittent febrile  condition,  Avith  anaemia,  followed  sooner  or  later  by  the 
appearance  of  red  tubercles  of  variable  size  on  the  cutaneous  surface  of 
the  body. 

History. — On  the  Avest  coast  of  South  America  the  disease  is  known 
under  the  names  of  Peruvian  Wart,  Verruga  Peruana,  A^erruca  Andicola, 
and  Fiebre  de  la  Oroya.  It  appears  to  be  peculiar  to  Peru,  being  en- 
demic in  certain  Cis-Andean  localities,  more  e.specially  in  Huarochiri  and 
Yauyas  y Canta,  at  an  elevation  of  from  3000  to  8000  feet  above  the 
sea-level. 

The  disease  seems  to  have  attracted  attention  from  the  earliest  times, 
having  been  known  in  the  days  of  the  Incas.  It  Avas  referred  to 
as  early  as  1543  by  Augustin  Zarate  in  his  History  of  Peru,  in  Avhich 
he  mentions  a tract  of  country  Avhich  “ is  very  hot  and  unhealthy,  the 
inhabitants  suftering  particularly  from  Amry  malignant  pimples  (verrugas) 
or  furuncles  Avith  deep  roots,  more  dangerous  than  small-pox  and  almost 
as  much  so  as  the  carbuncles  of  plague.”  The  aftection  is  also  mentioned 
by  Cosme  Bueno  in  his  Descriptiones  Geograjicas,  and  by  Tschudi  in  his 
work  on  Pern,  dated  1843.  The  first  scientific  description  of  the  disease 
AAnis  given  by  Salazar  in  a graduation  thesis  deliA’^ered  at  Lima  in  1858, 
entitled  lUsioria  de  la  Verrugas,  in  Avhich  he  clearly  demonstrated  it  to 
be  an  endemic  disease  due  to  a poisonous  Aurus.  Since  then  numerous 
accounts  of  cases  have  appeared,  by  Dounon,  Fournier,  Bourse,  and 
Tupper,  chiefly  based  upon  the  outbreak  of  the  disease  in  1870  and  fol- 
loAving  years  among  those  employed  in  constructing  the  raihvay  from 
Lima  to  Chicla,  on  the  road  to  Oroya.  A disease  apparently  identical 
Avith  verrugas  Avas  reported  in  1883  by  Dr.  de  Havilland  Hall  as  being 
preA'alent  at  Zaruma  in  Ecuador. 

Pathology. — Sections  of  the  tumours  sheAv  that  they  consist  primarily 
of  a delicate  fibrous  stroma,  the  meshes  of  Avhich  are  filled  Avith  round 
cells,  the  Avhole  being  enclosed  in  a sort  of  fibrous  capsule.  The  smaller 
groAvths  appear  to  spring  from  the  papillary  layer  of  the  skin ; the  larger 
ones  arise  from  the  subcutaneous  tissues.  All  the  tumours  are  extremely 
vasculai',  the  larger  ones  presenting  in  their  centre  cavernous  spaces  filled 
Avith  blood.  In  some  severe  cases  these  vascular  and  Avarty  groAvths  are 
found  after  death  not  only  on  the  skin  but  upon  the  mucous  linings  of 
the  stomach  and  bladder,  or  even  on  the  upper  surface  of  the  liver.  Both 
this  latter  organ  and  the  spleen  are  generally  also  much  eulai’ged ; but 


i(  l)eyond  these  lesions  on  the  viscera  and  skin,  there  are  no  evidences  of 
<igreat  pathological  changes. 

Isqnierdo  has  described  a bacterinm  which  he  found  in  the  morbid 
I. growths  in  some  profusion.  From  his  account  this  micro-organism 
1 tfippears  to  be  fi-om  7 /j.  to  10  /x  long,  beaded,  and  somewhat  larger  than 
rthe  bacillus  of  tubercle.  The  capillaries  are  often  distended  or  vai'icose, 
tf  being  filled  with  microbes  which  are  also  occasionally  met  with  in  the 
Iwessels  of  the  adjacent  and  apparentl}’  health}^  skin.  Isquierdo’s  accounts 

II  of  these  organisms  are  not  very  precise  ; nor  does  he  appear  to  have  made 
‘Satisfactory  culture  experiments  to  indicate  their  specific  relation  to  this 
t disease. 

Etiology. — Imperfectly  as  the  pathology  of  this  affection  is  worked 
1 1 out,  it  is  not  surprising  to  find  its  etiology  still  shrouded  in  some 
1 1 obscurity.  From  a somewhat  extensive  knowledge  of  the  counti  ies  on  the 
|i\ western  coast  of  South  America,  I am  disposed  to  believe  that  the 
■ 'distribution  of  this  affection  is  by  no  means  confined  to  either  Peru  or 
lEcuador,  but  that  it  is  endemic  also  in  Bolivia  and  the  northern  parts  of 
(Chile. 

Age,  se.x,  and  race  have  no  influence  upon  verruga.  That  the 
'disease  is  inoculable  was  demonstrated  by  the  fatal  experiment  of 
.1  Daniel  Carrion,  a young  student  in  Lima,  who,  in  order  to  elucidate  the 
(disease,  inoculated  himself  rvith  the  blood  of  one  of  the  warty  growths; 
I his  death  may  possibly  however,  have  been  due  to  septic  infection. 
The  disease  cannot  be  regarded  as  contagious,  as  patients  suffering 
(from  verruga,  even  when  treated  in  general  wards,  do  not  communicate 
I the  affection  to  others.  A popular  opinion  prevails  in  Peru  that  one 
; attack  can  confer  immunity  against  subsequent  attacks.  It  is  extremely 
'douVxtful  whether  the  facts  justify  this  belief;  cei-tainly,  so  far  as  my 
■ exjjerience  goes  they  do  not.  I met  with  several  cases,  both  at  Surco 
iand  Matucana  in  Peru,  in  persons  who  assured  me  that  they  had  had 
lithe  disease  some  years  before,  and  had  in  the  meanwhile  remained  quite 
I free  from  all  symptoms. 

(']'  The  di.sease  is  undoubtedly  endemic  in  certain  well-defined  areas,  and 

III  the  native  belief  is  that  the  affection  is  contracted  by  drinking  watei' 
|t|from  particular  springs  and  streams.  Prolonged  residence  in  the  endemic 
ijf districts  is  certaiidy  not  necessary  to  contract  the  disease;  but,  on  the 
J I other  hand,  notwithstanding  Dounon’s  statements  to  the  contrary,  a mere 
M|  passage  through  the  country,  without  either  eating  or  drinking  on  the 
r journey,  or  being  thrown  in  intimate  contact  with  the  inhabitants,  is  not 
I;  sufficient  to  produce  it.  It  is  difficult  to  eliminate  the  water-supply  as  a 
I possible  etiological  factor  in  a country  where  sanitary  arrangements  ai-c, 
j.at  the  best,  very  unsatisfactory;  but  a close  impiiry  into  the  circurn- 
I stances  and  occupations  of  a large  number  of  verruga  patients  convinced 
i'  me  that  the  disease  occurs  only  in  those  brought  into  intimate  contact 
I with  the  soil,  noffibly  those  engaged  in  work  which  necessitates  the 
i handling  of  mud  or  earth — such  as  mining,  tunnelling,  and  agricultural 
! employments,  particularly  upon  rice  fields  and  tea  or  coffee  plantations, 
voi,.  If. — ?T.  If  2 7 
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I’his  point  has  hitherto  been  overlooked  by  previous  observers,  and 
remembering  that  large  numbers  of  the  inhabitants  of  these  verruga 
districts  are  the  subjects  not  only  of  filariasis,  but  of  helminthiasis 
generally,  it  is  not  improbable  that  the  true  solution  of  the  pathology 
and  etiology  of  this  affection  will  be  found  in  the  association  of  the 
disease  with  some  form  of  parasitic  worm,  whose  free  stage  is  passed 
either  in  water  or  mud,  most  likely  in  mud.  I would  strongly  urge 
that  future  investigations  into  the  etiology  of  verruga  should  be  dii'ected 
on  these  lines — more  especially  to  the  determination  of  the  presence  or 
absence  of  some  form  of  haematozoon  either  in  the  warty  growths  or  in 
the  tissues  generally  of  the  affected  person. 

That  verruga  has  anything  in  common  with  malaria  does  not  merit 
serious  discussion ; it  is  true  the  fever  of  verruga  may  occasionally 
be  very  like  malarial  fever  in  form,  but  this  is  simply  because  the 
majority  of  those  suffering  from  verruga  are  also  the  subjects  of  chronic 
malaria ; and  the  fever  thus  complicated  may  assume  an  intermittent  or 
even  a remittent  type.  Malaria  is  exceedingly  common  in  the  Andean 
valleys,  but  it  is  in  a few  of  these  valle}'^s  oidy  that  verruga  is  found. 

Symptoms. — There  are  practically  three  stages  in  this  disease.  First, 
one  of  incubation,  lasting  from  fourteen  to  forty  days,  Avithout  any 
definite  symptoms  ; second,  a period  of  invasion  and  fever,  folloAved  by  a 
third  stage  of  eruption  and  convalescence. 

The  onset  of  the  disease  is  marked  by  malaise,  languor,  headache, 
fever,  and  considerable  gastric  disturbance.  The  fever  is  usually  irregu- 
lar, and  in  many  cases  indistinguishable  from  a malarial  intermittent, 
having  daily  cold,  hot,  and  SAveating  stages.  In  some  cases  the  fever  is 
remittent.  A characteristic  and  early  symptom  is  the  pi-esence  of 
dysphagia  AAuth  cramp-like  pains  in  the  muscles.  These  muscular  pains 
are  often  excruciating  at  night,  being  associated  not  infrequently  AA'ith 
inflammatory  SAvellings  of  the  joints.  The  periosteal  and  myalgic  pains 
are  agonising  at  times  and  comparable  Avith  nothing  experienced  in  other 
diseases.  Accompanying  these  symptoms  there  is  often  a progressive 
amemia,  Avith  oedema  of  the  extremities,  marked  debility,  and  some 
tenderness  or  enlargement  of  the  spleen  and  liver. 

After  these  symptoms  have  lasted  from  one  to  nine  months  or  a year 
they  gi'adnally  remit  or  vanish  Avith  the  appearance  of  a characteristic 
eruption,  Avhich  consists  either  of  raised  spots  about  the  size  of  a pea, 
Avhich  develop  into  cylindrical,  conical,  or  hemispherical  tumours,  varying 
in  size  from  a raspberry  to  that  of  a pigeon’s  egg  ; or  of  minute,  hard, 
movable,  subcutaneous  tumours,  Avhich  may  either  disappear  or  increase 
in  size  into  dusky  red,  shining,  and  itchy  tumours. 

The  first  variety  of  lesions  are  very  vascular,  itch,  and,  if  scratched, 
Ideed  freely  ; ultimately  they  crust  over  and  heal.  If  uninjured  the 
warty  growths  remain  stationary  foi'  some  time,  darken,  and  slowly  subside, 
leaving  after  desquamation  a discoloured  area,  Avhich  eventually  disappears, 
but  no  scar  Avhatever. 

In  the  case  of  the  subcutaneous  tumours  the  skin  over  them  often 
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' gives  Avay,  uinl  the  morbid  growths  appear  as  fungating,  fleshy  swellings 
1 of  a grey  or  black  colour  exuding  an  otl’ensive  sanguineous  discharge. 

I The  size  of  these  warty  growths  may  vary  from  that  of  a pea  to  that  of 
, an  orange,  being  in  shape  sometimes  pedunculated  like  a mushroom,  or 
again  sessile  and  hemispherical.  Not  infrequently  abscesses  may  form 
before  the  subcutaneous  tumours  break  through  the  skin ; or,  after 
I rupture  of  the  skin,  idceratiou  may  ensue,  in  this  case  the}’  may  become 
I encrusted  and  rupial  in  character.  The  essential  feature  of  all  these 
eruptions  is  their  vascularity ; the  warts  either  bleed  spontaneously  or 
I oil  the  slightest  provocation,  draining  the  already  aiuemic  and  debilitated 
!i  patient. 

The  eruption  is  usually  most  abundant  on  the  face  and  extensor 
I surfaces  of  the  extremities,  especially  on  the  knees,  elltows,  and  malleoli. 

I The  trunk  is  less  usually  attacked.  The  number  of  excrescences  varies 
from  one  to  several  hundred  of  all  sizes  and  shapes.  These  tumours  may 
• also  form  on  the  conjunctivie,  in  the  nostrils,  on  the  tongue,  the  mucous 
. membrane  of  the  jiharynx,  glottis,  alimentary  canal,  and  internal  visceia. 

In  these  situations  they  may  give  rise  to  symptoms  not  only  anomalous, 

I but  grave  ; such  as  haemorrhages,  suffocation,  dysphagia,  and  ascites. 

The  disease  generally  lasts  two  or  three  months,  or  even  longer ; but 
not  infrequently  it  is  fatal  earlier  from  haemorrhages.  In  cases  which 
I survive  there  is  usually  profound  anaemia,  dropsy,  or  affections  of  the 

' nervous  system.  The  mortality  among  the  indigenous  populations  of 

I endemic  areas  is  about  10  per  cent — in  whites  rather  higher;  and  in 

i epidemics  may  amount  to  as  much  as  40  jeer  cent.  Cold  has  an  unfavour- 

I able  eflect  upon  the  eruption,  causing  it  to  be  imperfectly  developed,  with 

I an  aggravation  of  the  constitutional  symptoms ; while  a diminished 

barometric  pressure  favours  hsemorrhage.  Consequently  A erruga  cases 
do  better  in  AA-arm  places  and  at  sea-level  than  in  cold  and  elevated 
I situations.  This  largely  explains  the  greater  fatality  experienced  in 
some  outbreaks  as  compared  Avith  others,  the  mortality  being  apparently 
‘ related  and  in  proportion  to  the  lowering  of  the  atmospheric  temperatAuc 
■ ' and  pressure.  Apart  from  haemorrhages,  consideral)le  danger  exists 
among  the  A'ery  poor  and  indigent  from  septic  absorption  in  connexion 
Avitli  their  unhealthy  and  often  very  extensive  sores. 

Treatment. — The  first  essential  in  the  successful  treatment  of  this 
' affection  is  to  remoA'e  the  patient  from  the  endemic  area,  and  to  transfer 
him,  if  possible,  to  a Avarni  region  at  or  near  the  sea-level.  There  is  no 
knoAvn  specific  for  the  disease.  All  that  can  be  done  is  to  maintain  the 
strength  of  the  patient  on  general  principles  by  a suitable  and  genermvs 
diet,  combined  AA’ith  attention  to  the  cleanliness  and  asepsis  of  the  skin. 
Sloughing  AA’arts  should  be  removed  and  ulcers  treated  by  ordinaiy 
methods.  As  hasmorrhages  are  the  most  dangerous  complication  in  this 
: disease,  styptics  and  com])resses  should  ahvays  be  kept  aA’ailable  for 

sudden  emergencies.  Many  of  the  fatal  cases  among  the  coolies  and 
others  suffering  from  A^erruga  in  out-of-the-AA’a}’  A’alleys  arise  from  imperfect 
methods  and  facilities  for  guarding  against  profuse  loss  of  blood. 
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Transfusion  or  saline  injections  are  by  no  means  uncalled  for.  During 
the  eruiJtive  and  convalescent  stages  both  iron  and  arsenic,  with 
other  tonics,  are  naturally  of  the  greatest  value ; but  at  best  the  treat- 
ment of  this  disease  is  empirical  and  unsatisfactory,  and  so  must  remain 
ttntil  its  etiology  and  pathology  are  better  understood. 

E.  H.  Firth. 
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]i.  181. — P.VNCORVO.  “ Fiebre  de  la  Oroya,”  Gae.  vied.  Lima,  1875,  i.  p.  167. — Quiroga 
Y Men.v.  “ Verruga  cerebral.”  Confereucia  leida  en  la  velada  de  octubre,  celebraJa 
eii  bomenage  de  Daniel  A.  Carrion  ]ior  la  Sociedad  medica  “Union  Fernandina.” 
Cron.  vied.  Lima,  1889,  vi.  p.  229. — Salazar.  “Historia  de  las  verrugas.”  This  is 

a graduation  thesis,  in  wliich  cases  r-ecorded  by  Dr.  Odriozola  form  a large  part.  Gae. 
vied.  Lima,  1858,  ii.  p.  161.  Aii  abstract  of  this  is  in  Med.  Times  and  Gaz.  Loud.  1858, 
N.S.  .xvii.  ]).  280. — Sanfurgo.  “La  verruga  peruana  i su  tratamiento,”  Rev.  med. 
de  Chile,  1885-86,  xiv.  p.  209. — Smith.  “ Practical  Observations  on  the  Diseases  of 
VovM,"  Edin.  Med.  and  Sur g.  Jour.  1842,  Iviii.  p.  67. — Tupper.  “ Ueber  die  Verruca 

Peruviana,”  Inawj.  Disser.  Berlin,  1877.— Tschudi,  von.  Ueher  die  (jengraphischn 
Perbreilun;/  der  Krankheitcn  in  Peru.  Wien,  1843. — Villar.  “ Cuestionario  para  el 
concurso  sobre  verruga  andina,”  Bol.  Acad,  de  vied,  de  Lima,  1886-87,  ii.  p.  49. — Ward. 
“Verrugas,”  Trans.  Internal.  Med.  Cong.  Philadelphia,  1877,  p.  685. 

E.  H.  F. 


ULCEEATING  GEANULOMA  OF  THE  PUDENDA 

By  C.  W.  Daniels,  il.B. 

A CHRONIC  granulomatous  growth  affecting  the  subcutaneous  tissues  of 
the  pudenda  and  neighbouring  parts.  It  occurs  in  many  tropical 
countries,  but  difiers  in  appearance  in  different  races. 

It  was  probably  first  described  in  India  liy  Colonels  hlacleod,  Maitland, 
and  other  writers,  as  “ serpiginous  ulceration  of  the  genitals,”  and  under 
the  name  of  “groin  ulceration”  has  been  the  subject  of  discussion  in 
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Hiitish  (luiaiiii  for  many  years.  In  the  Negroid  races  the  manifestations 
arc  the  most  pronounced,  and  the  following  descrii)tion  ap})lies  to  the 
disease,  as  it  occurs  in  these  races,  in  British  Guiana  and  West  Africa. 
The  diffei'cnces  in  the  appearances  of  the  disease  as  described  in  India 
and  the  Pacific  Islands  will  be  referred  to  on  p.  711. 

Geographical  Distribution. — The  disease  is  much  commoner  in  some 
tropical  countries  than  in  others : thus,  in  many  of  the  West  India 
Islands  it  does  not  occui"  at  all,  and  it  is  either  extremely  rai’e  or  absent 
in  the  Malay  Peninsula,  in  Central  Africa,  and  in  some  other  tropical 
countries.  Outside  the  Tropics  imported  cases  only  have  l)een  met 
with. 

Etiology. — Se.v. — It  occurs  in  both  sexes,  the  distribution  of  the 
disease  varying  in  accordance  with  the  po.sition  of  the  external  genitalia. 

A(je. — It  has  not  been  observed  befoi'e  pubert}'^  in  either  sex.  It 
usually  commences  in  early  adult  life,  rarely  in  old  age. 

Histology. — The  growth  is  composed  of  round  cells  arranged  in 
masses  in  the  upper  layers  and  papillie  of  the  cutis,  and  extends 
laterally  beyond  the  visible  seat  of  the  lesion.  The  cells  are  mainly 
round,  with  a single  nucleus  surrounded  by  a broad  margin  of  protoplasm 
containing  basophil  granules.  In  the  deeper  parts  there  are  elongated 
cells  with  spindle-shaped  nuclei  which  resemble  connective  - tissue  cor- 
puscles, while  towards  the  surface  especially,  where  the  epithelium  is 
fissured,  polymoi'phonuclear  leucocytes  are  numerous.  Degenerate  cells 
are  rare,  and  there  is  no  evidence  of  caseation  or  of  breaking  down  of  any 
part  of  the  growth,  Avhich  is  vascular.  Changes  occur  in  the  e])ithelium 
covering  the  growth,  and  in  the  connective  tissue  in  its  neighbourhood, 
d'he  epithelium  is  thickened  and  the  interpapillary  processes  are  much 
elongated.  The  regular  columnar  arrangement  of  the  deeper  layers  of 
the  epidermis  is  lost,  while  there  is  either  no  pigment,  or  it  is  irregularly 
deposited  in  the  subcutaneous  tissue  and  in  the  epithelium  towards  the 
edge  of  the  growth.  None  of  the  strata  in  the  epidermis  are  well 
defined  and  no  proper  corneous  layer  is  formed,  the  cells  in  the  A\arious 
layers  dift'ering  little  from  one  another. 

The  connective-tissue  changes  consist  of  swelling  and  degeneration  of 
both  the  Avhite  and  yellow  fibres,  which  ultimately  become  replaced  by 
the  new  growth.  Beneath  the  growth,  especially  in  the  older  parts,  new 
fibrous  tissue  is  formed,  which  differs  from  normal  connective  tissue  in 
that  it  is  composed  of  straighter  and  much  more  closely  interlaced  bands. 
Small  masses  of  the  growth  are  sometimes  included  in  the  meshes  of  this 
cicatricial  tissue.  The  abundant  formation  of  this  dense  fibi-ous  tissue 
constitutes  such  an  essential  feature  of  the  cutaneous  form  of  this 
granuloma  that  “sclerosing”  would  be  a better  term  than  “ulcerating”; 
especially  as  any  ulceration  that  does  occur  apj)ears  to  be  accidental, 
whilst  the  formation  of  dense  fibrous  tissue  and  deej)  scarring  is  in- 
variable. 

Pathogeny. — No  organisms  were  found  except  in  the  superficial 
layers  of  the  growth,  by  the  earlier  ol.)servers.  Dr.  Muse  has  recently 
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reported  the  discovery  in  the  depths  of  the  growth  of  Spirocheetic.  T^vo 
forms  were  found  I'esembling  S.  'pallida  and  S.  refringens.  Injections  of 
emulsions  of  the  growth  do  not  set  up  tuberculosis  in  guinea-pigs,  while 
the  absence  of  caseation  and  of  any  association  with  other  tuberculous 
lesions  militate  against  the  view  that  it  is  a tAxberculous  skin  lesion. 

I'he  position  on  or  near  the  genitalia  in  both  sexes  suggests  a venereal 
origin,  but  it  is  not  associated  with  any  manifestations  of  syphilis,  nor  of 
other  diseases  regarded  as  venereal : moreovei’,  it  does  not  appear  to  be 
highly  contagious,  as  it  may  occur  in  husband  or  wife  alone. 

The  down-growth  of  the  interpapillary  processes  and  the  occasion.al 
formation  of  cell-nests  may  give  a superficial  I’esemlxlance  to  sciuamous- 
celled  carcinoma ; but  a careful  microscopic  examination,  a consideration 
of  the  clinical  history,  and  the  absence  of  any  secondary  growths  and  of 
any  evidence  of  malignancy  render  this  interpretation  quite  untenable. 

Clinical  Course. — The  disease  commences  as  an  elevated  ]xapule,  which 
in  the  male  usually  a[)])ears  on  or  near  tlie  penis,  and  in  the  female  oii 
the  labia  minora.  This  papule  causes  little  or  no  in  itation,  but  steadily 
increases  in  size  at  a rate  varying  greatly  in  different  cases.  It  spreads 
superficially,  involving  skin  or  mucous  surfaces,  or  both,  and  its  advance 
is  accompanied  Ijy  the  formation  of  new  gi’anulomas  at  the  edge,  so  that 
the  whole  mass  ap])ears  as  a coarsely  granular,  raised  growth  with  an 
irregular  outline,  and  as  a rule  Avithout  any  ulceration.  In  a hairy  part 
the  granulomas  are  unusually  coarse,  and  the  hairs  dro])  out.  The  older 
and  more  central  parts  are  smoother,  depressed,  and  often  converted 
into  dense,  AAdiite  fibrous  scar-tissue.  Beneath  the  groAvth  a hard  fibrous 
mass  can  be  felt,  and  the  surrounding  healthy  skin  is  stretched  and  some- 
times puckered  from  the  contraction  of  this  scar-tissue.  From  the  siulace 
of  the  groAvth  there  is  often  an  abundant  clear  discharge,  Avhich  may  Inu'c 
an  offensive  odour. 

In  the  great  majority  of  cases  in  the  male  the  growth  is  primarily  on 
the  ])em’s ; and  Avhen  on  the  glans  is  often  so  exuberant  that  the  part  is 
much  distort(al,  and  covered  Avith  coarse  masses  of  the  groAvth  Avhicli 
conceal  the  meatus.  The  groAvth  may  extend  for  a fraction  of  an  inch, 
but  nevei'  far,  up  the  urethra.  The  formation  of  fibrous  tissue  beneath 
the  groAvth  may  lead  to  stricture  of  the  meatus. 

Commoidy,  growth  takes  place  not  oidy  b}'  direct  extension,  bnt  by 
the  appearance  in  the  groin  oi'  at  the  base  of  the  penis  of  discrete 
nodules,  Avhich  are  pi'obably  set  up  by  contact  Avith  the  penile  groAvth 
or  its  discharges.  The  groin  is  the  favourite  site  of  the  groAvth,  Avhich 
extends  along  the  soft  moist  folds,  or  into  the  most  hairy  parts,  and  is 
usually  limited  to  these  areas.  From  the  fold  of  the  groin  it  spreads 
betAveen  the  scrotum  and  thighs  on  one  or  both  sides,  and  in  older  cases 
creeps  on  to  the  ])crineum  and  backAvards  around  the  anus,  into  Avhich 
it  sometimes  extends. 

In  the  female  the  eai'liest  groAvth  is  probaldy  on  the  labia  minora,  but 
it  readily  extends  iq)  the  vagina  for  a considerable  distance,  though  it 
never  imaules  the  cervix.  It  also  s])i-eads  along  the  cutaneotis  sinfaces. 
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i so  th;it  the  labia  majoni  may  be  invaded.  The  perineum,  even  wlien 
i the  labia  majoi'a  are  not  attaeked,  is  aflected  early,  and  the  growth  then 
I passes  backwards,  surrounds  the  anus,  and  extends  up  the  rectum.  Some- 
i times  it  also  sj)reads  forwai-ds  between  the  thighs,  aiul  then  l)y  direct 
t continuity  may  invade  one  or  both  of  the  groin-folds. 

^ The  result  of  the  disease  in  women  is  more  serious  than  in  men. 
hen  the  mucous  surfaces  of  the  vagina  and  rectum  are  both  invaded, 
although  there  is  no  manifest  sloughing,  the  growths  in  the  two  passages 

I appear  to  become  continuous  in  the  deeper  fascia,  and  thus  recto-vaginal 
tistulaj  result.  These  fistuhe  may  be  numerous  and,  since  both  suid’aces 
are  composed  of  the  growth,  are  incurable.  Ulceration,  either  on  the 
I cutaneous  or  mucous  surfaces,  appears  to  be  accidental.  Hince  the  tissue, 

I though  vascular,  is  of  low  vitality,  and  the  eiiithelium  softened  and 
usually  sodden  from  the  discharges,  cracks,  abrasions,  and  superficial 
ulcerations  arc  common  in  the  larger  growths. 

The  lymphatic  glands  are  not  enlarged,  nor  does  suppuration  take 
place.  There  must,  however,  be  some  obstruction  of  the  lymphatics,  as 
a chronic  (edema — spurious  elephantiasis — of  the  vulva,  penis,  or  scrotum 
is  common,  without  any  evidence  of  filarial  elephantiasis. 

Variations. — In  a country  Avhere  the  disease  is  common,  individual 
variations  are  also  common.  These  variations  depend  on  the  rajudity  of 
the  rate  of  extension,  the  varying  tendency  to  formation  of  scar-tissue, 
as  Avell  as  on  the  exact  part  involved.  Thus,  groAvth  and  destruction 
are  moi’e  rapid  on  mucous  than  on  cutaneous  surfaces. 

When  other  races,  such  as  the  Indians,  are  affected  in  a country 
where  most  of  the  sufferers  are  iSegroes,  the  disease  presents  a different 
as2>ect  on  the  tAvo  nationalities,  Avhich  may  be  due  to  differences  in 
the  texture  of  the  .skin.  The  A^ariations  observed  are  mainly  that 
th(‘  groAvth  in  the  Indians  is  less  coarsely  granular  in  appearance  and 
has  less  tendency  to  spread  extensively  than  in  the  Negroes.  In  Fiji 
the  Melanesian  immigrants  suffer  from  a disease  AAdiich,  though  it  resembles 
the  ordinary  form,  differs  from  it  in  that  the  groAvths  are  softer,  and  more 
I ' prominent,  and  spread  less  by  continuity  and  more  by  contact,  so  that 
I multijde  discrete  groAvths  are  more  common. 

i Since  much  remains  to  be  done  in  the  investigation  of  the  granulomas 

I in  the  tropics  it  is  impo.ssible  at  present  to  state  Avith  any  degree  of 
I certainty  tliat  the  various  granidomas  occurring  on  the  jnulenda  are  om; 

I and  the  same  disease.  A condition  limited  to  the  miicous  membrane  of 

the  last  ])art  of  the  rectum,  and  not  involving  the  skin,  is  faiily  common, 
and  is  often  mistaken  for  dysenter}’’  on  the  one  hand,  and  for  syphilitic 
disease  of  the  rectum  on  the  other.  Whether  this  is  another  manifesta- 
tion of  the  granuloma  described  here  may  be  doubted. 

Prognosis. — The  disease  may  exist  for  many  years,  and  apart  from 
the  results  of  local  complications  does  not  affect  the  general  health.  No 
secondary  groAvths  occur,  excejAt  those  due  to  auto-infection  by  contact. 
There  is  ah\'ays  some  tendency  to  cicatrisation,  Avhich  is  sometimes 
marked  so  that  the  cicatrices  may  be  not  only  extensiA-e  but  coni|)lete. 
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When  the  growth  affects  tlie  hairy  parts,  such  as  in  the  jnibic  regions,  it 
is  not  uncommon  for  extension  to  cease  when  the  whole  of  this  region 
is  involved.  In  rare  instances  complete  spontaneous  cure  is  effected  by 
the  conversion  of  the  entire  growth  into  a fibi-ous  cicatrix. 

Diagnosis. — The  disease  may  be  confused  with  any  of  the  chronic 
ulcerations  attacking  this  part  of  the  body.  When  confined  to  the 
glans  penis  the  growth  is  frequently  diagnosed  as  squamous  - celled 
carcinoma,  but  in  any  case  of  doubt  the  removal  and  microscopic  examina- 
tion of  a portion  of  the  tissue  will  speedily  settle  this  point. 

The  treatment  is  unsatisfactory.  Complete  excision  including  the 
subjacent  dense  fibrous  tissue  is  the  only  certain  method  of  cure,  but  yet 
leaves  a wound  much  larger  than  the  portion  excised.  When  the  affected 
area  is  so  extensive  that  excision  is  out  of  the  question,  scrajung  Avith  a 
sharp  spoon,  the  application  of  the  actual  cautery  or  of  destructive  agents 
such  as  salicylic  acid,  chloride  of  zinc,  may  give  good  results. 

Antisyphilitic  remedies  in  ordinary  doses  are  useless,  but  jiotassiuni 
iodide  in  large  doses,  tAventy  or  thirty  giains  three  times  a day,  appears 
to  increase  the  natural  tendency  to  cicatrisation;  and  in  cases  in  Avhich 
this  tendency  is  strong  the  entire  groAvth  may  become  com-erted  into  a 
scar,  and  a cure  result. 

Antiseptic  and  other  applications  Avill  reduce  the  fetor  and  prevent 
ulceration.  In  cases  of  stricture  of  the  meatus  dilatation  or  internal 
urethrotomy  is  useless,  as  contraction  occurs  almost  at  once.  Amputation 
of  the  glans  penis,  as  far  as  it  is  implicated  in  the  groAvth,  is  ivquisite. 

C.  W.  Daniels. 
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ORIENTAL  SORE 

By  Lieut. -Col.  R.  H.  Firth,  R.A.M.C. 

Synonyms. — Oriental  boil ; Furuncnlus  orientals ; Tropical  ulcer;  Delhi 
boil  or  soi'e ; Lahore,  Mooltan,  Sciiule,  or  Kandahar  soroi ; Denjdch  boil, 
nicer,  or  .<<ore  ; Auruncizebe  : Lupus  endem.icxm  ; Caneotka  ; Ohm  TAlepp 
Clou,  de  Cafsa ; Clmt,  du  Nil;  Biskra  bouton;  Orient  beule ; Lib- Lib; 
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lUmton  dc  Cn'te  ; Furii  (Mahiy) ; Xisham-ol-'J'amur  (Baghdad) ; rmiJislio 
churdj  (Tashkend). 


1 Definition. — A chronic  local  contagious  disease  met  with  and  fi’e(iuently 
t endemic  in  certain  towns  and  districts  of  India,  Central  Asia,  the  Levant, 
Algeria,  and  Malay  Peninsula,  characterised  by  the  production  of  small 
I papules  which,  after  assuming  the  character  of  a boil,  undei’go  slow 
ulceration,  healing  after  some  length  of  time  with  loss  of  substance, 
leaving  a bluish  white  depressed  scar. 

History. — Although  several  oriental  medical  writers  refer  to  pccidiar 
sores  as  prevalent  in  the  past  in  various  districts  of  the  East,  still  this 
afiection  had  attracted  little  attention  in  Europe  before  the  Indian  IMutiny 
in  1857-58,  at  which  time  the  palace  and  city  of  Itelhi  were  occupied  by 
European  and  native  troops.  The  military  cantonment  had  previously 
been  situated  two  miles  outside  the  city  Avails,  and  the  disease  Avas 
scarcely  knoAvn  amongst  the  troops  ; but  occasionally  cases  Averc  met  Avith 
there,  at  Lahore  also,  and  at  Mooltan.  After  1 858  the  distemper  came  ])ro- 
minently  into  notice,  as  the  troops  in  garrison  inside  Delhi  Avere  attacked 
Avith  such  severity  that  from  40  to  70  per  cent  Avere  admitted  to  hospital 
suffering  from  characteristic  sores,  besides  many  Avho  Avere  treated  out  of 
hospital  for  similar  complaints.  The  disease  Avas  very  generally  described 
as  tedious  and  troublesome,  though  rarely  fatal.  AVhen  severe,  or  situated 
on  or  near  a joint,  the  sores  rendered  the  man  unfit  for  duty ; and  Avhen 
ticcurring  on  the  face  Avere  disgusting  and  disfiguring.  In  18G5  the 
Government  of  India  appointed  a Commission  to  investigate  the  disease. 
Ten  years  later  a fresh  inc[uiry  AA^as  conducted  bj^  Drs.  LcAvis  and  Cun- 
ningham on  behalf  of  the  Indian  Government.  Since  then  a considei-ablc 
amount  of  independent  literature  has  accumulated  concerning  the  nature 
and  cause  not  only  of  the  .sores  most  prevalent  at  Delhi,  but  also  of  those 
analogous  sores  knoAvn  to  occur  in  many  localities  in  different  parts  of 
the  Eiist.  The  more  recent  experiences  of  the  French  in  Algeria  and 
Tunis,  and  of  the  Russians  in  Central  Asia,  have  again  focused  scientific 
attention  upon  these  sores ; and  at  present  by  a genei-al  consensus  of 
opinion  they  are  all  regarded  as  of  the  same  nature  and  more  or  less 
identical  in  origin.  For  this  reason  it  is  very  convenient  to  employ  some 
common  generic  designation,  such  as  that  of  oriental  sore,  suggested  by 
Tilbury  Fox.  The  local  names  under  Avhich  these  sores  are  knoA\ii 
indicate  the  places  of  gi-eatest  preA-alence ; but,  speaking  generally,  they 
ai-e  most  common  in  certain  tropical  and  subtropical  climates,  from  25°  to 
45°  N.,  and  from  15°  AA’.  to  20°  E. 

Etiology. — No  age,  sex,  nationality,  or  occu]>ation  modifies  liability 
to  attack  in  those  Avho  fall  Avithin  the  influence  of  this  clisease.  In 
endemic  localities  children  rarely  escape.  Some  authors,  particularly 
those  Avhose  experience  has  been  in  Persia,  state  that  neAv  arrivals  are 
especially  ])rone  to  attack ; this  feature  has  not  been  very  generally 
recognised  by  Anglo-Indians.  The  pniud  of  incubation  is  variable,  but 
usually  some  Aveeks  elapse  betAveen  exposure  to  the  disease  and  develop- 
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ineiit  of  tlie  pa}3ules.  As  a rule  new  arrivals  do  not  get  it  until  they 
have  resided  some  time  in  the  district,  but  cases  are  on  record  of  h 
few  days  being  sutHcient.  In  other  instances  the  affection  has  not 
ajjpeared  until  the  individuals  had  left  the  locality.  In  some  cases 
inoculated  by  Weber  the  incubation  was  as  short  as  three  days.  The 
affection  appeal's  to  be  quite  independent  of  the  nature  of  the  soil ; but 
its  peculiarly  definite  geographical  limitations  indicate  the  influence  of 
tropical  and  subtropical  climates. 

As  bearing  upon  the  possibility  of  one  attack  of  these  sores  being  a 
protection  against  a second,  Colvill,  quoted  by  Carter,  states  that  at  one 
time  it  was  the  custom  in  Baghdad  to  inoculate  children  with  these  sores 
.so  as  to  ensure  the  disease  in  a situation  where  the  resulting  scar  would 
not  be  disfiguring.  On  the  other  hand,  Mui'ray  and  Fleming  found  that 
the  sores  could  be  successfully  inoculated  upon  persons  shewing  scars 
of  a previous  attack.  Similar  results  are  recorded  l>y  Boinet  and 
Duperet,  who  have  definitely  proved  that  it  is  inoculable  both  in  men  and 
animals,  notwithstanding  previous  attiicks.  The}^  ha^'e  also  demonstrated 
the  po.ssibility  of  auto-inoculation.  The  occurrence  of  personal  contagion 
from  these  sores  appears  to  be  very  rare ; and  there  is  no  evidence  of 
hereditary  influence.  More  recently  lieydeni'eich  has  proved  the  com- 
municability of  the  disease  by  direct  inocidation.  According  to  him 
infection  is  without  difficulty  produced  by  rubbing  the  powdered  crusts 
or  the  l)lood  and  lymph  from  non-ulcerated  papules  on  abraded  surfaces. 
The  seasonal  prevalence  of  these  sores  is  chiefly  in  the  latter  part  of  the 
summer  and  in  the  autumn,  that  is,  in  subtropical  climates,  in  August, 
September,  October,  and  November ; and  in  the  first  ])art  of  the  cold 
season  in  the  tropics. 

In  attem{)ting  to  determine  more  precisely  the  causes  of  these  sores 
we  find : — (i.)  that  the  disease  is  limited  to  eertaiji  places  ; (ii.)  that 
healthy  as  Avell  as  weakly  people  are  attacked ; (iii.)  that  the  disease  can 
be  conveyed  by  inoculation.  The  first  two  propositions  point  strongly 
away  from  constitutional  causes,  and  rather  to  some  local  conditions  of 
soil,  in.sanitation,  or  water  which  favour  the  multiplication  of  the  morbific 
agent  outside  the  human  body  ; while  the  third  suggests  that  this  agent, 
whatever  it  may  be,  is  an  organism.  The  very  general  occurrence  of  those 
sores  on  those  pai'ts  of  the  body  which  are  e.vposed  at  once  suggests  that 
the  inoculation  or  infection  may  be  effected  by  insects  such  as  mosquitoes 
or  Hies  ; or  again  by  dust  or  some  accidental  aj)plication  of  the  virus  to  an 
abraded  surface.  In  explanation  of  the  excessive  pi'cvalence  of  these 
sores  on  the  faces  of  t'oung  children,  Laveran  has  ])ointcd  out  that  this  is 
in  them  the  most  exposed  part,  and  that  they  ai’e  less  <juick  to  brush 
away  any  insect  which  may  be  biting  them. 

The  sores  are  equally  prevalent  upon  wet  soil  or  di-y,  on  rock  or  sand, 
in  high  situations  or  low.  It  is  difficult  to  shew  that  the  endemic  areas 
of  the  disease  are  ai'eas  of  overcrowding,  of  accumulated  refuse  and 
excreta,  or  even  of  faulty  alimentation  ; or  that  these  sores  are  but  the 
exiu-ession  of  a depraved  nutrition  from  climatic  or  other  unhealthy 
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I iitluenoes.  The  great  diniiiiutiou  in  the  number  of  cases  of  this  alfection 
{ .vhieli  has  followed  ameliorated  sanitary  eunditions  of  towns  and  districts, 
J'lvliere  formerly  it  was  very  })i'evalent,  lends  some  su[)[)oi‘t  to  sucli  an 
^J.opinion  ; yet  in  the  experience  of  many  observers,  including  my  own,  these 
it -uses  occur  in  camps  and  cantouments  in  which  tliereis  neither  ovei’crowd- 
|,';ing  nor  defective  hygiene,  and  also  in  persons  free  from  any  cachectic 
jtrconditiou  of  body  produced  l)y  unhealthy  climate  or  other  factors. 

Nearly  all  observers  have  attributed  the  origin  of  the  oriental  sore 
•:to  the  domestic  water-supply,  though  they  luu'e  not  been  equally 
liwnanimous  in  indicating  the  injurious  element.  Some  French  writers 
I .'have  attached  importance  to  an  excess  of  chloride  of  sodium  and  of  the 
^ earthy  salts ; others  have  laid  stress  upon  the  disposing  iiiHuenee  of 
il  large  quantities  of  sulphate  of  lime  in  the  streams  of  endemic  areas. 
I (Candy  and  Fraser  pointed  out  the  excess  of  nitrates  in  the  wells  where 
4’Mooltan  and  Lahore  sores  prevailed,  while  Alcock  was  inclined  to  blame 
ftthe  presence  of  sulphuretted  hydrogen,  resulting  from  the  decomposition 

I .of  organic  matter  in  the  water.  Lewis  and  Cunningham  suggested  that 
• excessive  hardness  may  be  an  index  of  the  deleterious  property  of 
ulriidving- waters  which  in  various  parts  of  India  are  associated  with  the 
I prevalence  of  the  sores.  It  is  ti'ue  that  in  Delhi  and  elsewhere,  since  the 
• disuse  of  the  water  from  Avells  within  the  city,  the  disease  among  British 
I troops  has  abated ; but  the  e.xistence  of  similar  chemical  defects  in  the 
• drinking-water  of  many  other  places  where  the  disease  is  unknown  make 
this  opinion  impossible.  In  Algeria  and  Central  Asia  vai’ious  impurities 
in  food  and  drink,  and  the  blocking  Tip  of  the  sudoriparous  glands  with 
dust,  have  been  respectively  assigned  as  active  causes  of  this  aflection. 

I If  we  admit  that  the  water-supply  is  the  vehicle  by  whicli  the  agent 
gains  access  to  our  bodies,  the  question  arises  whether  it  is  taken  into 
the  system  by  swallowing,  or  ivhether  it  passes  into  the  skin  through 
the  gland-ducts  or  by  abraded  surfaces  when  washing.  Against  the 

! acceptance  of  the  drinking-water  hypothesis  is  the  fact  that  many  })laccs 
where  exceptionally  good  drinking-water  is  in  use  are  endemic  centres  of 
I'  the  sores.  As  Hirsch  has  ))ointcd  out,  if  this  hypothesis  were  true,  it 
I would  be  difficult  to  ex])lain  why  these  sores  have  certain  points  of 
ii  election  in  the  body,  such  as  the  face  and  exposed  parts  of  the 
i extremities,  and  occur  very  rarely  on  the  trunk ; or  why  persons  who 
( are  only  acquainted  with  the  internal  uses  of  ivater  are  continually 
I affected  with  these  sores.  If  the  domestic  water-supply  be  conceined  in 
the  production  of  these  sores  and  ulcers,  it  is,  as  suggested  by  Muri-ay  and 
i others,  by  reason  of  its  containing  some  specific  or  parasitic  l)ody  ivliich 
! finds  attachment  to  the  skin  when  the  water  is  used  for  washing,  and 
either  spontaneously  penetrates  the  cuticle,  or  else  olitains  entrance  by 
some  solution  of  continuity,  such  as  a scratch,  cut,  or  abrasion.  As  the 
weight  of  evidence  is  in  favour  of  its  jiarasitic  nature,  it  is  to  be 
regretted  that  more  extended  and  close  inquiries  have  not  been  made 
into  the  fauna  and  fiora  of  the  sources  of  ivatcr,  ])articularly  of  wells,  in 
districts  where  these  sores  are  prevalent.  In  discussing  this  subject 
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with  various  medical  officers  of  Indian  experience,  my  attention  was 
drawn  to  the  more  frequent  association  of  these  sores  with  the  use  of  old 
and  foul  wells  than  with  canal  supplies.  It  has  long  been  recognised 
that  oi-icntal  sore  is  a disease  of  countries  in  which  the  camel  is  a 
prominent  domestic  animal,  and  it  has  been  maintained  by  some  that  the 
disease  ma)"  be  contracted  from  the  camel,  possibly  by  means  of  a tick 
or  some  Hy.  It  is  pi-obable  that  investigations  in  this  direction  may 
supply  the  missing  lirdcs  of  the  chain  of  evidence  concerning  the  life- 
history  of  the  micro-organism  which  appears  to  be  associated  Avith  the 
causation  of  this  disease.  Impressed  Avith  the  similarity  betAveen  the 
Leishman  body  of  kala  azar  and  the  corresponding  germ  of  oriental  sore, 
wiiich  are  morphologically  and  specifically  identical,  Sir  P.  Man.sou 
has  suggested  that  oriental  sore  may  bear  the  same  relation  to  kala  azar 
that  vaccinia  does  to  small-pox,  and  that  possibly  the  virulence  of  the 
kala  azar  germ  has  been  lost  during  its  passage  through  the  camel,  just 
as  the  variola  germ  is  deprived  of  its  virulence  b}'^  passage  through  the 
coAv.  Although  conjectui'al,  this  seems  to  be  a point  Avorth  Avorking  at, 
as  should  this  hypothesis  proAm  to  be  coi’rect,  Ave  may  haA’e  ready  to 
hand,  in  oriental  sore,  a means  of  preA’^enting  the  severei-  and  constitu- 
tional disease  knoAvn  as  kala  azar. 

Pathology. — The  histology  of  these  sores  has  been  thoroughly  woi-ked 
out ; and,  if  sections  be  made  of  the  initial  papule  before  ulceration,  no 
difficulty  is  experienced  in  demonstrating  that  the  whole  thickness  of  the 
skin  and  subjacent  tissue  is  infiltrated  Avith  lymphoid  and  epithelioid 
(mesoblastic)  cells,  accompanied  by  more  or  less  complete  disintegration  of 
the  normal  tissue-elements  thereby.  In  the  centre  of  the  papule  the  infiltia- 
tion  l)y  young  round  cells  is  so  complete  that  little  can  be  seen  of  the 
original  tissue-elements  but  a feAv  degenerated  remains  of  hair-follicles  or 
SAveat-glands.  ToAvards  the  edges  of  the  diseased  area  the  neAv  cells  occur 
in  isolated  clusters  or  groups,  chiefly  round  blood-A'essels  or  lymj)hatics. 
The  infiltration  does  not  seem  primarily  to  involve  either  the  hair-follichs 
or  the  sebaceous  glands.  The  individual  cells  of  this  infiltration  A-arv  from 
7 to  9 /X ; their  nuclei  from  5 to  G /x  : the  nuclei  are  large,  geneially 
single,  but  in  parts  multiple.  The  anatomical  structure  of  the  papule 
and  sui-rounding  skin  indicates  that  oriental  sore  is  of  the  type  of  a 
granuloma;  in  fact,  the  most  elementary  microscopical  examination  of 
the  lesions  sheAv  that  it  is  a reaction  of  the  skin  against  some  vii'us  of 
loAv  virulence,  Avhich  has  produced  granulomatous  changes  in  the  coriura 
beneath  and  around  the  ulcer.  So  chronic  are  the  changes  Avhich  are 
sometimes  met  Avith  that  a close  resemblance  to  tuberculosis  may  he 
occasioned.  It  is  important  to  bear  this  in  mind  becaixse  it  has  several 
times  been  suggested  that  certain  of  these  lesions  are  tuberculous. 
Doubtless,  syphilitic  and  tuberculous  ulcers  have  from  time  to  time  been 
placed  in  this  group,  but  that  there  is  an  entity  to  Avhich  the  term 
oriental  sore  is  applicable,  Avhich  is  due  to  some  virus  diffei'cnt  from 
syphilis  and  independent  of  tubercle  bacilli,  seems  certain. 

All  authorities  are  agreed  on  this  general  statement  of  the  histological 
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^ unices  mot  with  in  orientul  sore ; l)ut  with  regiird  to  the  causation  of 
j lis  peculiar  process,  we  iiiul  some  divergence  both  of  opinion  and  of  facts, 
f The  first  precise  inquiries  in  this  direction  w’ere  made  b}'  Fleming 
1 id  Smith  in  1868.  The  former  found  in  the  diseased  tissues  certain 
'I  nail,  highly  refractive  cells,  which  he  took  to  be  the  eggs  of  a parasite; 
j.iesewere  subsequently  demonstrated  to  be  disintegrated  hair-follicles; 
^.iter,  Smith  found  in  the  pus  from  the  sores  cells  of  various  sizes  anti 
| orms  which  he  thought  were  ova,  or,  at  least,  larvie  of  a species  of  dis- 
ii  omum.  Both  these  observations  were  obviously  founded  on  error  due  to 
i he  imperfect  means  of  investigation  available  at  that  time.  In  1875, 
i hxndyke  Carter,  in  examining  specimens  of  a “bouton”  sent  to  him  by 
eber  of  Biskra,  believed  that  he  found  in  the  dilated  Ivniphatic  vessels  a 
I .lamentous  mould,  xvith  mycelial  threads  and  gonidia.  In  these  observa- 

* ions  ^^'eber  concurred,  but  further  investigations  by  Laveran  and  Kelsch 
emonstrated  that  the  presence  of  these  bodies  was  entirely  accidental  or 

'.dveutitious.  In  1880,  Bordier,  a French  naval  surgeon,  de.scribcd  very 
, imilar  growths.  Lewis  and  Cunningham,  in  their  report  upon  Delhi  sore, 
1 fated  1876,  and  Geber  of  Vienna  in  discussing  Aleppo  evil,  infer  the 
( dentity  of  these  oriental  sores  with  lujnis,  and  were  unable  to  find  any 
> listological  features  in  them  at  all  suggestive  of  their  being  peculiar 
^;lisea.ses. 

Various  micro-organisms  have  been  found  in  the  lesions,  and  put 

• forward  as  the  cause,  such  as  micrococci  by  Boinet  and  Dup6ret,  also  by 
i Duclaux,  Chautemesse,  Heydenreich,  and  Gessard ; while  certain  strepto- 
i 'locci  and  staphylococci  have  been  suggested  by  Le  Dantec  and  Aucli6. 
!<  Dp  to  the  present  time  no  micro-organisms  of  this  kind  have  been  satis- 
) factorily  shewn  to  be  the  causal  agent  in  the  disease.  Cunningham  in 
^ 1885  published  the  results  of  his  examination  of  a specimen  of  Delhi  boil, 
( and  described  refractive  bodies  larger  than  lymphocytes  in  the  tissues  of 
( the  papular  stage  of  these  sores.  They  appeared  to  be  cells  from  8 to 

10  /X  in  size,  enclosing  certain  round  and  deeply  stained  bodies  of  variable 
s-size  and  grouping.  Cunningham  was  inclined  to  regard  them  as 
( rrepresenting  various  stages  of  some  monadinic  organism.  From  an 

» examination  in  1889,  of  various  jiapules  of  the  Lahore,  Mooltan,  and 
i'.Sciude  sores,  removed  before  ulceration,  I xvas  able  to  confirm  the  pres- 
nence  of  the  cellular  bodies  described  by  Cunningham,  but  was  disposed 
■ 1 rather  to  regard  them  as  results  of  some  degenerative  process  in  the 
. cells  than  as  parasitic  protozoa.  Somewhat  similar  conclusions  were 
drawn  by  Riehl  as  the  result  of  his  examination  of  a .single  case. 

The  researches  of  recent  years,  conducted  with  an  improved  technique, 
I have  yielded  more  definite  results.  For  this  we  are  mainly  indebted  to 
'Wright  of  Boston  who,  examining  smear  preparations  made  fi'om  one  of 
I these  sores  and  stained  by  a modification  of  Romanowsky’s  stain,  was 
able  to  detect  the  presence  of  generally  round,  sharply  defined  bodies 
from  ’J  to  4 /X  in  diameter.  A few  of  the  bodies  were  oval  or  elongated 
in  form.  These  bodies  were  found  to  be  packed  closely  together  in  the 
cytoplasm  of  the  larger  tissue-cells,  occupying  most  of  the  available  space 
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between  the  nucleus  and  the  cell  - membrane.  Many  cells  contained 
twenty  or  more  of  these  bodies.  In  thick  sections  of  these  sores  the 
presence  of  these  bodies  give  to  the  large  cells  in  which  they  are  situated 
the  appearance  of  containing  numerous  basic-  staining  granules  of  about 
the  size  of  ordinary  pus  cocci,  each  surrounded  by  a clear  space.  Wright 
regarded  these  bodies  as  sporozoa  and,  believing  them  to  be  the  causal 
agents  of  the  lesions,  proposed  the  generic  and  specific  name  llelcosomct^ 
fropicum  for  the  parasites  (vide  p.  55).  These  observations  have  been  con- 
firmed by  Christophers,  James,  and  others;  further,  there  can  be  little  or 
no  doubt  that  these  sporozoan  parasitic  bodies  present  in  the  tissues  of 
oriental  sores  are  identical  with  the  protozoan  originally  described  by 
Colonel  Leishman  as  present  in  cei'tain  cases  of  splenomegaly.  A critical 
study  of  Wright’s  paper  and  of  the  acconijianying  plates  indicates  that  the 
bodies  he  described  are  the  same  cells  seen  by  Cunningham,  Riehl,and  Fii  th, 
and  descril)ed  by  them  some  fifteen  to  twenty  years  ago.  The  accurate 
recognition  of  their  natui'e  is  due  to  a more  perfect  technique,  and  they 
undoubtedly  represent  some  of  the  supposed  plasmodia  in  ])rocess  of 
sporulation  described  and  figui-ed  by  these  earlier  observers.  This  newer 
and  more  perfect  knowledge  of  the  pathology  of  these  sores  supports  the 
view  that  they  are  a local  infection  by  the  Leishman-Donovan  bodies,  an 
infection  in  which  the  vascular  endothelium  is  probably  mainly  implicated. 
As  regards  the  cycle  of  development  of  the  parasite  we  have  as  yet  no 
precise  knowledge,  other  than  that  it  is  probablj'’  a stage  in  the  life-history 
of  some  flagellate.  Be  this  so  or  not,  the  general  pathology  of  oriental  sores 
and  the  relation  of  the  Ildcosoma  tropicum  or  Leishman-Donovan  bodies  to 
the  tissues  of  the  lesion  make  it  certain  that  in  this  affection  the  newly 
discovered  parasite  is  acting  as  the  causal  agent  in  a focal  gramdoma  of 
the  skin.  (For  description  of  the  Leishman-Donovan  bodies  see  50.) 

Symptoms. — Usuallj'’  the  earliest  sign  of  one  of  these  sores  is  the 
occurrence,  without  any  constitutional  disturbance,  of  a small  inflamed, 
itching  or  even  burning  area  on  the  skin  of  some  exposed  part.  The 
skin  rapidly  becomes  boggy  and  swollen,  while  in  the  centre  of  the  in- 
Hamed  ]>atch  a small  seed-like  body  can  be  felt  in  the  substance  of  the 
skin.  This  hai'd  papule  rapidly  becomes  deep  red  or  purplish  in  colour, 
has  a smooth  and  shiny  surface,  and  may  Amiy  in  diameter  from  an 
eighth  to  half  an  inch.  As  the  papule  increases  in  size  the  epidermis 
covering  it  shews  a tendency  to  desquamate,  the  desquamation  beginning 
fi'om  five  to  eight  days  after  the  first  appearance  of  the  papule.  The 
epidermic  scales  first  shed  are  fine,  glistening,  and  dry ; lait  as  the 
deeper'  parts  become  invaded,  so  the  scales  become  thicker',  dar'ker',  arnl 
moistened  by  a ser'ous  oozing  from  the  surface  of  the  papule : this  may 
be  in  strch  excess  as  to  form  a sntall  crust.  Gradrrally  the  p;i])ule  softens 
and,  if  inspected  closely,  is  found  to  be  marked  with  dilated  blood-vessels 
and  sevei-al  yellowish  spots.  After  a variable  time  either  the  scab 
becomes  detached,  or  the  thinned  epidermis  gives  way,  leavirtg  a small 
jrerforation  from  which  issues  a larger  or-  smaller  amount  of  thin  purulent 
fluid.  In  some  cases  before  the  detachment  of  the  crust  this  may  so  in- 
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1(1  crcasie  in  size  ami  thickness  by  continual  accretion  from  l)elow  as  to 
li  hnmlate  rupia.  The  ulceration  proceeds  ra]>i(lly  by  erosion  of  the 
(*  odges,  and  by  the  formation  of  fresh  similar  papules  around  it  which  in 
t’  course  of  time  break  down  in  the  same  way,  resnlting  in  the  coalescence 
t )f  a number  of  small  sores  into  one  large  ulcer  with  thickened  edges  ami 
c a base  of  sloughing  cellular  tissue.  The  edges  are  often  so  mucli  raised 
I IS  to  make  the  ulcer  appear  deeper  than  it  really  is.  The  size  and  shaj)e 

■ of  these  ulcers  vary  very  much  ; sometimes  tliey  may  be  only  half  an 
( inch  in  diameter,  in  other  cases  they  may  be  one  or  more  inches  across. 
I LUsuall}'  they  are  oval  in  shape,  but  often  present  an  irregular  sinuous 
j outline.  The  margin  is  generally  ragged,  thickened,  and  surrounded  by 

uin  inflammatory  areola  of  variable  extent.  The  door  of  the  ulcer  may 

■ be  smooth,  but  is  commoidy  uneven,  proliferating  in  one  part  and  disin- 
^:tegrating  in  another;  it  discharges  a thin  odensive  pus  which,  if  allowed 
f :to  dry,  forms  thick  adherent  crusts.  In  some  cases  the  discharge  appears 

I ^so  to  cling  to  the  surface  of  the  sore  as  to  form  a thick,  slough-like,  }’ellow 
lipellicle  ; often  yellowish  particles,  about  ^ inch  in  size,  can  be  seen  with 
lia  lens  distributed  on  or  through  the  sore  ; these  appear  to  be  degenerated 

I I hair-follicles  or  comedones  from  the  sebaceous  ducts.  The  skin  in  the 
1 1 neighbourhood  of  the  ulcer  is  generally  indltrated,  and  marked  by  small 
1 1 papules  and  yellow  spots,  indicative  of  extension  of  the  disease. 

I At  times  these  ulcers  are  extremely  painful,  while  at  others  pain  is 
I ‘Completely  absent.  Kanking  and  some  other  ■writers  have  noticed  a 
J markeil  tendency  to  periodicity  in  the  accessions  of  pain.  Although  in 
[ some  cases  the  adjacent  glands  may  be  enlarged,  and  the  lymphatics 
dedned  and  cordy,  the  sympathy  of  the  lymphatic  system  is  1)}'  no  means 
. a constant  symptom,  and,  as  Hickman  pointed  out,  is  probably  deter- 
mined by  the  exact  locality  of  the  sores  and  the  amount  of  irritation  to 
which  they  are  exposed.  The  ulcerative  stage  may  last  for  months,  the 
1 indolent  nature  of  the  sore  and  its  intractability  to  treatment  being 
characteristic.  It  is,  however,  in  its  healing  that  the  oriental  sore  presents 
> one  of  its  most  peculiar  features.  This  process  is  greatly  retarded  by 
the  formation  of  a scaly  scab  which  must  be  carefully  removed  each  day. 
Gradually  the  secretion  lessens,  the  gramdations  lose  their  raw  appear- 
ance, and  healing  commences  from  the  centre  and  extends  outwards ; its 
course,  however,  is  very  slow,  the  new  tissue  being  very  liable  to  repeat 
the  diseased  process — to  ulcerate,  and  start  the  sore  afresh.  Cicatrisa- 
tion ultimately  takes  place,  the  scar  being  more  or  less  puckered  towards 
the  centre,  and  pigmented  of  a uniform  bluish  In-own  colour.  If  the 
attack  has  been  on  the  face  or  other  part  where  the  cellular  tissue  is 
loose,  the  residting  disfigurement  may  be  severe.  The  pigmentation  of 
the  scars  of  these  sores  often  I'emains  for  years,  but  is  in  no  way  com- 
parable or  liable  to  be  confounded  with  syphilitic  pigmentation.  In 
Baghdad  the  scars  from  these  sores  are  known  as  “date  marks.” 

The  number  and  locality  of  the  sores  vary.  Some  patients  may  have 
but  one  or  two ; others  may  have  as  many  as  twenty  : wdien  multiple,  the 
individual  sores  are  often  not  so  large  as  when  single,  and  are  said  by 


720 


SYSTEM  OF  MEDICINE 


some  obsei-\'ers  to  be  less  intractable.  The  disease  is  most  commonly 
seen  on  exposed  parts,  such  as  the  hands,  arms,  feet,  legs,  neck,  or  face ; 
in  children  the  face  is  the  usual  situation.  It  is  very  liable  to  attack 
aljraded  surfaces,  wounds,  and  scratches.  Insect-bites  are  very  often  the 
starting-points  for  them.  In  my  own  experience  the  dorsal  surfaces  of 
the  wrist  and  borders  of  the  forearms  are  the  points  most  frecptently 
attacked.  The  noses  of  dogs  have  been  observed  by  many  persons  to  l)c 
tlie  seat  of  these  sores,  which  they  apparentlj'^  contract  when  drinking. 

The  appearance  of  this  disease  is  not  always  uniform  \ it  may  stop  at 
any  phase,  and  it  may  assume  a chronic  character  when  in  the  papular  or 
boil-like  stage,  gradually  subsiding  and  disappearing.  In  other  cases,  even 
after  the  formation  of  a crust,  this  may  not  fall  off,  but  pei’sist  until 
cicatrisation  is  complete  beneath  it ; or  sometimes  the  ulcerative  process 
may  be  so  vigorous  and  invade  fresh  tissues  so  rapidly,  as  closely  to 
resemble  exedens.  Some  sores  may  become  extremely  inflamed  from 
friction  of  clothes  or  other  irritation  ; occasionally  complications  arise 
from  inoculation  with  the  virus  of  erysipelas  or  of  phagedsena ; this  is, 
however,  rare.  When  the  sores  occur  on  the  persons  of  the  scrofulous  or 
syphilitic  their  clinical  features  are  frequently  modified.  Any  di.sadvantago 
arising  from  starvation,  overwork,  malaria,  or  the  sjqjhilitic  and  scrofulous 
cachexies,  will  modify  the  type  of  the  sore  and  accentuate  its  intractalulity  : 
but  such  constitutional  or  hereditary  conditions  do  not  necessarily  dispose 
to  the  disease.  In  extreme  and  most  exceptional  cases,  in  which  the  patient 
is  weakened  by  constitutional  disease,  or  the  sores  are  multiple,  the  result- 
ing discharges  and  irritation  may  l)e  very  depressing  and  be  accompanied 
by  hectic  fever. 

Diagnosis. — In  districts  where  the  disease  is  known  to  be  endemic 
this  should  not  be  difficult ; as  the  appearance  upon  the  face  or  other 
exposed  part  of  an  isolated  papule,  developing  into  a nodule,  and  this 
exuding,  crusting,  and  then  di.sintegrating  into  an  obstinate  ulcer  under 
the  crust,  constitutes  a distinctive  sot  of  symptoms.  In  some  cases  it 
might  1)6  mistaken  for  a syphilitic  gumma  or  rupia,  but  the  failure  of 
specific  remedies  and  the  general  clinical  conditions  should  indicate  a 
differential  diagnosis.  Although  it  has  been  confounded  with  ecthyma 
and  iTiipetigo  this  mistake  should  not  readily  occur.  'When  present  in  a 
severe  form  upon  the  face  there  may  be  more  difficulty  in  distinguishing 
it  fi-om  rodent  ulcer,  lupus,  or  epithelioma. 

From  yaws  it  can  be  readily  distinguished  by  remembering  that  yaws 
is  almost  limited  to  the  coloured  or  negro  races,  while  oriental  sore 
attacks  all  I'aces  alike.  Yaws  is  preceded  by  some  febrile  symptoms ; 
these  are  rare  in  the  sore.  In  yaws  the  lesions  are  always  multiple  or 
numerous,  coming  in  crops  ; the  boil  or  sore  is  usually  single,  and  if 
multiple  not  numerous.  Although  both  attack  the  face,  yet  yaws  prefers 
the  flexor  surfaces,  such  as  the  palms  and  soles ; whereas  the  boil  prefers 
the  dor.sal  aspects  of  the  hands  and  feet.  In  l.)oth  affections  the  lesion  is 
that  of  a papule  succeeded  by  a nodule  ; but  in  yaws  the  epidermis  splits 
off  in  a few  days,  and  the  whole  eruption  is  developed  in  a few  weeks  ; on 


ORIENTAL  SORE 


721 


the  otlier  haiul,  tlie  nodule  of  onental  sore  may  remain  unchanged  for 
months.  ^\  hen  the  erust  of  the  yaw  papule  is  removed  only  a moist 
tumour  is  found  which,  except  in  the  very  cachectic  or  when  irritated, 
never  ulcerates  ; when  the  crust  of  the  oriental  sore  is  removed  an  ulcer 
is  exposed.  \aws  leaves  no  scar,  bnt  oriental  sore  necessarily  does  so. 

Malignant  pustule,  or  external  anthrax,  can  be  readily  distinguished 
from  oriental  sore  by  its  size  and  extent  of  swelling,  by  its  tendency  to 
spread,  by  the  livid  tint  of  the  skin  and  the  early  formation  within  it  of 
more  than  one  aperture,  by  the  character  of  the  slough,  by  the  severity 
of  the  pain,  and  the  marked  constitutional  disturbance  ; to  this  may  be 
added  the  discovery  of  the  specific  bacilli  of  anthrax. 

Treatment.  — Some  authorities  have  advocated  what  is  called  the 
abortive  treatment  of  these  sores  when  in  the  early  or  papular  stage. 
This  needs  some  care  and  much  personal  supervision  to  be  successful,  and 
is  best  carried  out  by  the  application  of  Paquelin’s  or  the  actual  cautery. 
The  use  of  carbolic  and  other  acids  is  not  to  be  recommended,  nor  is 
excision.  When  ulceration  has  become  thoroughl)'  established,  the  use  of 
caustic  potash,  nitric  acid,  fuming  acid  nitrate  of  mercury,  or  carbolic 
acid  is  valuable,  but  inferior  to  the  judicious  use  of  a Volkmann’s  spoon. 
For  the  removal  of  crusts  antiseptic  poultices  may  be  applied ; but  in  all 
dressings  the  greatest  cleanliness  should  be  observed  and  all  irritative 
ti-eatment  avoided.  Once  the  diseased  process  has  been  checked  and  the 
ulcer  has  taken  on  healthy  action,  the  ordinary  treatment  for  simple 
ulcers  is  sufficient.  As  many  of  the  suft'erei's  from  these  sores  become 
rapidly  debilitated  in  general  health,  care  should  be  taken  to  supplement 
local  treatment  by  a generous  diet  including  wine  or  beer.  Any  evidence 
of  malaria,  scurvy,  or  syphilis  should  be  met  by  appropriate  treatment. 
In  cases  occurring  in  India  I have  generally  found  it  necessary  to  remove 
the  patient  from  the  endemic  areas ; preferably  by  change  to  the  hills. 
It  is  perhaps  needless  to  say  that  in  places  where  the  sores  are  prevalent 
it  is  of  the  first  importaiice  to  avoid  the  use  of  water,  which  may  be 
infected,  cither  for  washing  or  drinking,  unless  previously  boiled. 

R.  II.  Firth. 
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CLIMATIC  BUiSO 

By  Jamks  Cantue,  M. B.,  F.K.C.S. 

Description. — A disease  of  wide  geographical  range,  but  chiefly  occurring 
in  tropical  and  subtropical  countries.  It  is  characterised  by  the  develop- 
ment of  buboes  of  non-venereal  origin  in  the  inguinal  region  in  the 
glands  of  either  the  oblique  or  vertical  group,  but  mainly  in  the  formei'. 
The  appearance  of  the  bubo  or  bul)oes  is  associated  with  a.  rise  in  tem- 
perature, occasionally  with  rigors  during  the  second  week  of  the  illness, 
with  marked  weakness  and  depression  of  si)irits.  Suppuration  is  the 
lade,  but  in  several  recorded  cases  the  Inibo  has  resolved  and  subsided. 
Bacteriological  examinations  have  usually  given  negative  i-esults.  The 
disease  is  sometimes  spoken  of  as  “non-venereal  buboes”  and  as  “pestis 
minoi-,”  but  the  latter  name  is  not  intended  to  signify  that  the  disease  is 
a mild,  abortive,  or  ambulatory  form  of  true  plague,  but  a specific 
ailment  allied  with  the  prevalence  of  plague.  The  disease,  although  the 
cause  of  disablement  for  a time,  is  not  of  a fatal  nature. 

Geographical  Distribution. — Climatic  buboes  have  been  reported 
from  various  parts  of  the  world  — from  Japan,  China,  the  Cai'oline 
Islands,  Singapore  and  the  Straits  Settlements,  Sumatra,  Bengal  and 
Allahabad  in  India;  from  LTganda,  Zanzibar,  Northern  Nigeria,  Cape 
Colony,  and  Madagascar;  from  New  Orleans  and  the  AVest  Indies;  fi-om 
various  stations  of  the  British  Navy.  The  “ bubo  malarious  ” of  Hungary 
is  in  all  probability  the  same  disease. 

Association  with  Plague. — In  the  outbreak  of  plague  on  the  A’olga 
in  1878-79  Dr.  J.  F.  Payne  stated  that  whilst  at  Astrakhan  at  the  mouth 
of  the  river  true  plague  prevailed  and  many  deaths  ensued,  at  a town 
some  150  miles  higher  up  the  river  the  community  suffered  from  an 
epidemic  of  buboes  unattended  by  any  fatal  cases.  The  history  of  this 
epidemic  points  to  a disease  I’esembling  the  climatic  bubo  type  of 
ailment.  During  1893  I reported  43  cases  of  climatic  bubo  met  with  in 
Hong  Kong  amongst  Euro[)eans,  and  during  the  same  period  the  medical 
practitioners  in  the  Straits  Settlements  reported  many  cases  of  the  same 
nature.  In  this  connexion  it  is  interesting  to  note  that  true  jdague 
appeared  in  Hong  Kong  in  the  early  months  of  1894,  and  whilst  yet  the 
outbreak  of  climatic  buboes  prevailed  ; but  plague  never  occurred  in  the 
Straits  Settlements  in  other  than  s])oradic  form.  In  1895-96  Prof.  AV.  J. 
Simpson  found  among  the  soldiers  of  the  Shi'opshire  Pegiment,  who 
had  gone  from  Hong  Kong,  where  plague  prevailed,  to  Calcutta,  several 
cases  of  bubo  of  a non-fatal  character;  in  1896  plague  appeared  in 
Bombay  and  spread  to  other  parts  of  India,  but  did  not  leach  Calcutta 
until  1898.  The  soldiers  of  this  regiment  suffered  from  “climatic 
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buboes  ” whilst  in  Hong  Kong  during  the  prevalence  of  a severe  epidemic 
of  true  plague. 

On  the  east  coast  of  Africa  many  cases  of  climatie  bubo  have  been 
reported  both  in  the  British  and  German  navies,  and  it  is  interesting  in 
this  connexion  to  note  the  discovery  of  plague  in  the  Hinterland  of 
British  and  German  East  Africa  by  Koch.  In  Cape  Colony,  where 
IDlague  has  prevailed  for  some  years,  cases  described  as  “climatic  bubo” 
were  reported  at  Kimberley  in  1904,  although  true  plague  had  not 
occurred  in  that  town.  Clayton’s  cases  occurred  in  China  whilst  plague 
was  i)revalent ; and  I saw  a case  of  climatic  bubo  in  a medical  man 
returned  to  England  from  plague  duty  in  Mysore  in  India. 

These  observations  all  tend  to  associate  climatic  bubo  with  plague, 
although  plague  does  uot  necessarily  develop  in  consequence  of  the 
prevalence  of  climatic  buboes. 

The  name  “ pestis  minor  ” Avas  given  to  this  complaint  by  the  writer 
Imfore  the  name  climatic  bubo  aa’us  applied  to  the  disease,  rvithout  any 
idea  of  indicating  mild,  ambulatory,  or  abortive  cases  of  plague  thereby. 
Pestis  minor  is  regarded  by  the  writer  as  synonymous  with  climatic  bubo, 
and  is  intended  to  indicate  a sjiecific  ailment  anticipating,  running  syn- 
chronously Avith,  and  continuing  after  outbreaks  of  true  plague,  but  still 
preserving  its  OAvn  specific  character.  The  association  may  be  epidemio- 
logical merely,  for  a further  etiological  or  pathological  alliance  has  not 
been  determined ; but  there  are  no  accounts  in  literature  of  the  preval- 
ence of  climatic  bubo  (pestis  minor)  Avhere  the  possibilitj^  of  contamina- 
tion by  true  plague  did  not  exist,  although  Avide  distances  may  apparently 
separate  the  actual  prevalence  of  the  tAvo  diseases. 

The  liaderiologn  of  Climatic  Bubo. — In  1893-94  I found  streptococci 
and  staphylococci  in  the  pus  draAvn  from  buboes  of  non-venereal  origin, 
and  occasionally  a diplococcus.  Prof.  AV.  J.  Simpson  found  a micro- 
organism resembling  Bacillus  pestis  in  the  cases  of  bubo  amongst  some 
of  the  soldiers  of  the  Shropshire  regiment  that  had  journeyed  to  Calcutta 
from  Hong  Kong  Avhcre  plague  prevailed.  In  the  case  of  a medical  man 
suffering  from  non-venereal  inguinal  bubo,  Avho  came  to  England  from 
a plague-infected  district  of  India,  Prof.  K.  T.  Hewlett  found: — “(1)  A 
micrococcus  liquefying  gelatin,  and  Avhite  in  growth,  probably  S.  pyogenes 
alhus;  (2)  a micrococcus  not  liquefying  gelatin,  probably  S.  cereus  alkis-, 
(3)  a minute  stumpy  bacillus  inclined  to  bi-polar  staining  and  staining 
Avell  by  Gram’s  method — this  excludes  plague.”  Dr.  AA^.  AA".  Stoney  of 
Kimberley  states  that,  in  cases  of  climatic  bubo  examined  there,  a negatiA'e 
result  Avas  obtained.  Prof.  D.  I).  Cunningham  found  bacilli  in  the 
blood  of  cases  of  “ pestis  minor  ” (climatic  bubo  1)  in  Calcutta  j these 
bacilli  Avere,  hoAvever,  non-infectious,  and  Avere  not  considered  identical 
Avith  true  plague  bacilli.  The  fact  that  Prof.  Cunningham  found  the 
bacilli  in  the  blood  in  pestis  minor  Avas  considered  at  one  time  to  dis- 
tinguish pestis  minor  from  true  plague ; this  distinction  is  noAv  knoAvii 
to  be  fallacious  as  bacilli  have  been  proved  to  occur  in  the  blood  in  the 
earlier  stages  of  the  true  plague  infection. 
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Fleet  Surgeon  Clayton,  K.N.,  describes  four  cases  of  climatic  bubo  in 
seamen  of  the  British  Navy  on  the  China  station.  In  three  of  these 
there  was  some  evidence  of  local  skin  affection,  “dhobie  itch”  as  a nde. 
In  spite  of  these  cntaneons  affections,  however,  the  conditions  he  describes 
were  undoubtedly  of  the  nature  of  climatic  bubo,  although  possibly  the 
glandular  trouble  may  have  been  determined  in  the  first  instance  by 
irritation  of  the  skin  in  the  area  drained  by  the  lymphatics  which 
converge  to  the  inguinal  group  of  glands.  He  gives  the  results  of  the 
blood  examinations.  In  the  case  uncomplicated  by  skin  affections  the 
result  was  as  follows  : — The  patient  was  put  on  the  sick-list  duly  f),  at 
ei-hai-wei.  On  July  11,  the  blood  examination  shewed:  red  cells, 
4, .‘140,000;  white  cells,  1G,330.  Differential  count  July  13,  when  pus 
was  evacuated  from  the  swelling  (697  counted),  neutrophils,  65;  eosino- 
. phils,  5;  lymphocytes,  21;  intermediate,  1;  large  mononuclear,  9.  It 
is  worthy  of  note  that  in  true  plague  marked  leucocytosis  and  also 
II  marked  diminution  of  eosinophils  obtain — exactly  the  reverse  of  the 
conditions  present  in  cases  of  climatic  bubo  reported  by  Clayton. 

The  above  considerations  and  observations  indicate  how  defective  is 
. our  knowledge,  not  only  of  climatic  bubo  or  pestis  minor,  but  of  many 
<(  })oints  in  the  pathology  of  plague  itself.  lu  spite  of  experience  of  plague 
li  in  many  countries  our  knowledge  of  the  disease,  beyond  the  actual  clinical 
'»  signs  and  sj^mptoms  and  the  demonstration  of  the  presence  of  a specific 
■I  bacillus,  is  scanty  in  the  extreme.  Thus,  the  nature  of  the  relation  of 

I plague  in  animals  to  plague  in  man  is  unknown  ; the  difference  between 

I the  bacilli  described  by  Kitasato  and  by  Yersin  in  regard  to  their  relations 

J to  stains  is  as  yet  unsettled ; there  is  a want  of  information  concerning 

I the  life  and  existence  of  the  plague  bacillus  outside  the  bodies  of  men  or 

* animals  ; and  the  various  involution-forms  of  the  bacillus  so  frequently 

I met  with  in  cultivation  experiments  all  seem  to  shew  that  the  plague 

I bacillus  may  possibl}'  exist  in  a double  form  in  man,  now  in  a non- 

i infective  or  perhaps  abortive  form  causing  pestis  minor  or  climatic  bubo, 

I now  in  an  infective  form  causing  true  plague. 

' Clinical  Appearance.. — The  patient,  frequently  after  a period  of  an 

i indefinite  feeling  of  being  out  of  sorts,  becomes  aware  of  a ftdness  in  one 

I groin,  with  a sense  of  local  discomfort.  The  swelling  increases  from  day 

' to  day,  until  by  the  fourth  or  fifth  day  it  may  assume  the  size  and  shape 

of  half  an  orange,  but  with  an  indefinite  outline.  The  skin  becomes  dis- 
coloured, at  first  mottled,  then  purplish  in  hue,  and  finally  of  a dull  red 
colour ; and  oedema,  pain  on  pressure  and  on  movement  appear,  so  that 
the  patient  cannot  stand  quite  erect,  and  by  the  end  of  the  first  week  of 
the  illness  walks  with  a limp.  The  temperature  during  the  first  week  is 
seldom  above  100°  F.,  and  the  usual  signs  and  sym])toms  of  illness — 
headaches,  foul  tongue,  loss  of  appetite,  and  either  constijiation  or  diarrheea 
set  in.  During  the  second  week  the  patient  feels  too  ill  to  be  about,  and 
either  stays  indoors  or  altogether  in  bed ; the  temperature,  of  a remittent 
character  throughout,  may  reach  101°  or  102°  F. ; the  bubo  attains  the 
size  and  shape  of  a Bath  bun,  and  the  patient  becomes  weak  and  low- 
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spirited.  Towai'ds  the  end  of  the  second  or  the  beginning  of  the  third 
week  this  swelling  shews  signs  of  “bogginess,”  there  may  be  a rigor  and 
night -sweats,  and  in  a few  days’  time  distinct  points  (two,  three,  or 
more)  of  fiuctuation  can  be  felt.  If  left  to  itself  the  skin  will  break  down 
at  two  or  three  points,  and  a sanio-purulent  discharge  escapes,  which  in 
a day  or  two  becomes  serous  or  sero-purulent,  and  several  fistuloas 
0[)enings  ai’e  established.  If  these  sinuses  are  left  alone,  Avhich  of  course 
they  never  should  be,  the  discharge  will  continue  for  weeks ; but  if  the 
mass  be  cut  into  by  laying  the  sinuses  open,  and  the  gland  excised, 
the  resulting  wound  as  a rule  heals  rapidly,  so  that  by  the  end  of  the 
fourth  week  the  patient  should  be  fit  for  work  again.  The  gland,  when 
exposed  by  incision,  is  found  necrosed  and  separated  from  its  surround- 
ings everywhere  except  at  one  point;  and  the  surface  of  the  gland  is 
studded  all  over  with  purulent  collections.  When  cut  into,  the  gland- 
tissue  is  soft,  friable,  greyish  in  places,  dark  purple  in  others,  with  patches 
of  pus  of  various  sizes  freely  distributed.  Although  more  than  a single 
gland  may  be  infected,  one  is  always  in  a more  advanced  stage  of  dis- 
integration than  the  others.  The  neighbouring  glands,  one,  two,  several, 
or  all  the  groin -glands,  may  be  congested,  inflamed,  and  some  of  them 
shew  purulent  disintegration. 

The  Duration. — From  the  first  appearance  of  the  bubo  to  the  end  of 
the  illness,  provided  the  gland  or  glands  are  removed,  the  period  is  usually 
four  weeks  ; suppuration  appearing  late  in  the  second  or  early  in  the  thii'd 
week.  When  suppuration  occui's  early,  and  the  diseased  glands  are  excised 
without  delay,  the  patient  ma}^  be  quite  well  b}^  the  end  of  the  third  week. 

Some  cases  recover  without*  suppuration,  but  in  .54  cases  which  I 
treated  resolution  occuiTcd  in  one  instance  only.  Other  observers  have 
recorded  better  results,  with  resolution  in  a considerable  number  of  cases, 
ft  is  very  rare  for  the  glands  in  both  groins  to  become  affected  during 
the  course  of  the  illness  ; but  one  side  may  become  diseased  aftei-  the 
side  originally  attacked  has  recovered. 

Age  and  Se.r. — The  patients  that  I have  treated  were  all  males  between 
the  ages  of  22  and  45,  and  the  greater  number  of  them  were  seafaring 
men,  either  engineers  or  sailors.  Europeans  seem  more  liable  to  the 
disease  than  are  other  races,  but  natives  ai’c  not  likely  to  seek  the  advice 
of  a European  doctor  in  an  illness  of  the  kind. 

Diagnosis. — In  coming  to  a conclusion  tliat  the  disease  is  of  non- 
venereal  origin,  the  presence  of  genital,  perineal,  or  anal  irritation  must 
be  inquired  into,  and  the  parts  carefully  examined.  In  a filarial  country 
the  possibility  that  the  glandular  enlargement  is  due  to  filariasis  must  be 
entertained.  When,  however,  the  groin-glands  are  enlarged  from  filarial 
infection  they  suddenly  become  markedly  painful,  and  the  condition  is 
always  accompanied  l)y  a high  temperature,  “ filarial  fever,”  pains  in  the 
back,  and  often  by  chyluria.  True  plague  may  be  the  cause  of  the  en- 
larged groin-glands,  but  careful  search  will  shew  that  the  glands  elsevhere 
in  the  body  are  affected.  It  is  well  to  remember  also  that  these  glands 
may  become  tuberculous,  or  even  infected  by  hydatids. 
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Prognosis. — Cliniiitic  l>ubo  Is  not  a fatal  disease;  after  a period  of 
depression  and  weakness  the  patient  usually  recovers  (juickly  and  com- 
pletely, provided  the  ordinary  regime  for  similar  conditions  is  followed. 

Treatment. — During  the  first  week  of  the  illness  attempts  should  be 
made  to  cut  short  the  enlargement  of  the  groin-glands.  This  is  best 
accomplished  by  rest  in  bed,  light  diet,  attention  to  the  condition  of  the 
bowels,  and  by  the  application  of  pressure  on  the  gland  itself.  After 
cleansing  the  skin,  a conical  pad  of  lint  and  cotton-wool  in  alternate 
layers,  of  ample  dej)th,  some  6 inches  in  all,  is  placed  (with  the  apex  of 
the  cone  on  the  skin)  over  the  bubo.  A figure-of-eight  bandage  is  then 
applied  with  the  crossings  on  the  pad  and  the  loops  embracing  the  (high 
and  bod}'.  It  is  advisable  to  place  the  limb  between  sand-bags,  or  on  a 
splint,  in  order  to  prevent  flexion  of  the  thigh,  whereby  the  bandage 
would  be  relaxed.  The  treatment  by  pressure  may  or  may  not  be  supple- 
mented by  the  application  of  unguentum  hydrargyri  ammoniatum  or 
linimentum  potassii  iodidi  cum  sapone  to  the  surface  of  the  skin  before 
applying  the  pad. 

As  a rule  the  gland  or  glands  go  on  to  suppuration.  When  the 
evidence  of  pus  is  undoubted,  the  gland  should  be  exposed  by  an  incision 
of  ample  length  parallel  to  the  groin.  The  necrosed  gland  or  glands  arc 
then  removed  and  the  part  scraped,  but  not  too  roughly,  with  a sharp 
spoon.  All  sinuses  running  downwards  towards  the  pubes  should  be 
scraped  and  drained  by  a counter-opening,  the  wound  being  packed  with 
gauze  and  treated  accorfling  to  ordinary  surgical  rules.  AVhcn  healing 
has  commenced  the  patient  should  have  an  increased  amount  of  nourish- 
ment, and  an  appropriate  tonic  medicine.  Early  incision,  before  signs 
of  pus  are  apparent,  does  not  hasten  the  cure  ; it  is  well,  in  this  as  in  some 
other  siirgical  conditions,  to  wait  until  the  abscess  is  “ ripe.”  Should  the 
gland  be  cut  down  upon  before  suppuration  is  fairly  well  advanced,  it 
will  be  found  that  the  peri-glandular  tissiics  are  infiltrated  with  pus,  that 
the  hiemorrhagc  from  the  wound  is  profuse,  and  that  the  gland  or  glands 
are  firmly  bound  down  to  the  subjacent  tissiies  in  the  neighbourhood  of 
Poupai't’s  ligament.  The  gland,  if  attempts  arc  made  in  this  stage  to 
remove  it  from  the  deeper  tissues,  breaks  down,  and  has  to  be  removed 
})iecemeal.  Early  incision  and  removal  of  the  gland  often  appear  to 
cause  an  extension  of  the  inflammation  to  surrounding  tissue.s,  and  pus 
may  travel  upwards  amongst  the  tissues  of  the  abdominal  wall,  causing 
considerable  constitutional  disturbance ; extensive  incisions  are  necessary 
to  procure  proper  drainage.  The  discharge  fi'om  the  Avound  appears, 
Avhen  the  gland  is  removed  early  in  the  illness,  to  have  vindent  powers 
of  infection,  and  its  to.xmmic  character  is  indicated  by  the  development  of 
high  temperatures,  sometimes  reaching  104°  F.  or  even  105°  F.,  which 
continue  for  several  days  after  free  drainage  is  provided  foi'. 

James  Cantlte. 
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AINHUM 

By  Sir  Patrick  Man.son,  K.C.M.G.,  M.D.,  LL.D.,  F.R.S. 

Revised  by  J.  M.  H.  MacLeod,  M.D.,  M.R.C.P. 

Synonyms. — Guduram  oi  thelljes,  a tribe  of  African  negroes;  Faddiditeoi 
Nossi-be  and  Madagascar ; Quigila  of  Brazil ; Sukha  jAikla  {i.e.  dry 
suppuration)  of  India. 

Definition. — Ainhum  (from  the  Nagos  word  signifying  io  saw)  is  the  name 
applied  to  an  affection  of  the  toes,  particularly  of  the  little  toe,  peculiar 
to  the  dark-skinned  races,  and  is  chai'acterised  by  the  formation  of  a deep 
groove,  as  if  from  the  action  of  a slowly  tightened  ligature,  around  the 
liase  of  the  toe ; this  groove,  gradually  deepening,  ends  in  the  loss  of  the 
part. 

Geographical  Distribution. — This  peculiar  affection  was  first  observed 
among  the  natives  of  the  Gold  Coast  by  Clarke,  who  described  it  in  ISGO 
under  the  heading  of  “dry  gangrene  of  the  little  toe.”  In  1867  Da 
Silva  Lima  encountered  it  in  Brazil  and  applied  the  name  “ ainhum  ” to 
it.  Since  then  many  cases  of  the  disease  have  been  reported  in  dark- 
coloured  races,  and  chiefly  in  negroes,  but  it  has  not  yet  been  observed  in 
a European.  It  is  widely  distributed  over  the  African  continent,  and 
cases  have  been  recorded  from  various  districts  on  the  AVest  Coast ; Mada- 
gascar and  the  Zambesi  on  the  East  (Ashley-Emile) ; Algiers,  Fez,  Cairo, 
and  the  Sudan  in  the  North ; and  the  Transvaal  in  the  South  (Muir). 
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Certain  negro  races  are  more  prone  to  it  than  otliers,  notal)ly  tlie 
Kroomen  on  the  West  Coast.  It  occurs  also  in  South  America,  and  was 
at  one  time  extremely  prevalent  in  Brazil  in  various  towns  snch  as 
Bahia,  Rio  de  daneiro,  Pernambuco,  and  Buenos  Ayres.  The  number  of 
Brazilian  cases  is  now  diminishing,  probably  as  the  resnlt  of  the  steady 
decrease  in  the  number  of  negroes  in  Brazil.  Occasional  cases  have  been 
met  with  in  British  Guiana.  It  has  been  observed  also  in  certain  parts 
of  North  America  such  as  North  Carolina,  Ijouisiana,  and  Virginia ; a few 
sporadic  cases  have  been  recorded  from  the  West  Indies.  It  has  been 
repeatedly  seen  in  India  among  the  Hindoos  in  Dacca,  Calcutta,  and 
Bombay  (Moreira).  Several  doubtful  cases  have  been  reported  from 
China  (Maxwell),  some  of  which  were  probably  examples  of  mutilating 
leprosy,  with  wdiich  ainhum  has  from  time  to  time  been  confused.  Cases 
have  also  been  published  from  the  Antilles,  Gilbert  Islands,  and  the  Pine 
Islands  of  New  Caledonia. 

Etiology. — Ainhum  occurs  much  more  frequently  in  males  than  in 
females.  It  has  been  seen  in  children  even  as  young  as  six  weeks 
(Guyot) ; but  the  vast  majority  of  instances  occur  in  adults.  According 
to  Da  Silva  Lima  it  is  liable  to  run  in  families;  he  states  that  he  knew 
certain  negro  families  in  Avhich  eA'ery  male  member  had  aiidium. 
Duhring  also  describes  a case  in  a negro  Avhose  father  and  mother  Avere 
both  affected,  and  Dupouy  relates  an  instance  in  Avhich  grandfather, 
father,  and  tAvo  children  Avere  all  the  subjects  of  this  disease. 

There  has  been  much  speculation  concerning  the  causes  of  this  curious 
disease.  It  has  been  attributed  to  self-mutilation,  or  to  such  causes  as 
the  Avearing  of  metal  rings  on  the  toes ; but  neither  of  these  suggestions 
is  borne  out  by  the  facts.  Again,  ainhum  has  been  regarded  as  a tropho- 
neurosis ; the  evidence  for  this  is  no  less  insufficient.  Various  Avriters 
have  asserted  also  that  ainhum  is  a variety  of  leprosy  (Zambaco,  Collas, 
and  Corre),  or  is  an  evidence  of  a “ lejwous  diathesis  ” occurring  in  persons 
Avho  are  not  the  subjects  of  active  leprosy  (Ashley-Emile).  Most  observers 
consider,  however,  that  it  has  nothing  to  do  Avith  leprosy,  although,  like 
any  other  disease,  it  may  occur  in  a leper.  My  own  impression  is  that 
the  process  is  started  by  irritation  or  idceration  at  the  angle  of  the  digito- 
plantar  fold ; in  this  situation  in  the  negro  the  epidermis  is  often  very 
thick,  dry,  and  even  fissured.  It  is  conceivable  that  a chronic  irritation 
or  ulceration  Avith  a contracting  hyperplasia  of  the  dermis  may  be  set  up 
and  maintained  in  such  circumstances  by  the  lodgment  of  dirt  in  this 
part,  or  by  injury  of  it ; OAving  to  the  direction  of  the  folds  of  the  skin 
this  must  tend  to  a linear  and  circular  direction.  The  deeper  the  rut  the 
more  likely  is  it  to  contain  irritating  matters,  and  thus  the  ]>rocess  is  apt 
to  become  permanent.  Another  but  purely  speculative  exjdanation  is  to 
the  effect  that  this  peculiar  condition  is  a foi  in  of  sclerodei'mia. 

Pathology. — On  longitudinal  section  of  the  am{)utated  toe  the  skin 
and  deeper  tissues  at  the  site  of  the  constriction  Avill  be  found  blended 
together  into  a dense  fibrous  ring,  the  superficial  epithelium  being  much 
hypertrophied.  In  the  distal  portion  the  cutaneous  structures  are  slightly 
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thickened ; the  adipose  tissue  is  much  increased  in  some  instances,  not  so 
in  others ; the  bones  ai-e  partly  absorbed,  the  trabeculfe  being  thinned 
and  tilled  with  an  oily  material ; the  joints  may  be  ank5dosed,  and  their 
eartilages  fibrous.  Konnd-cell  infiltration  of  the  corium  and  obliterative 
endarteritis  have  been  observed.  According  to  Unna,  there  is  in  this 
disease  “a  primary  degeneration  of  the  skin,  a sort  of  ring-formed  sclero- 
dermia,  with  callous  formation  of  the  epidermis,  which  by  its  seat  at  the 
base  of  a limb  leads  to  a secondary  total  necrosis,  due  to  stagnation,  a 
process  which  has  a close  resemblance  to  the  artificial  snaring  of  tumours, 
lu  spite  of  numerous  histological  investigations  the  nature  of  the  whole 
process  is  still  unexplained,  largely  l)ecause  it  is  not  clear  from  the  descrip- 
tions w'hich  changes  are  primary  and  Avhich  secondary.” 

Symptoms. — The  groove,  Avhich  is  the  characteristic  feature  of  ainhum, 
always  begins  as  a shallow  transverse  crack,  or  rut,  at  the  inner  angle  of 
the  digito-plantar  fold.  As  it  deepens,  the  ends  of  the  rut  slowly  extend 
upwards  and  outAvards  until  they  meet  on  the  dorsum,  or  outer  sixrface  of 
the  toe.  The  process  is  usually  a A'ery  slow  one,  and  may  take  j^ears  to 
complete.  The  deejAening  of  the  groove  is  not  effected  directly  by  idcera- 
tion,  but  by  some  process  of  constriction  going  on  in  or  about  the  dermis. 
After  a time  the  toe  becomes  enlarged  to  tAvo  or  three  times  the  natural 
size,  so  that  ultimately  the  rounded  and  bulbous  distal  portion  presents 
the  appearance  of  a small  potato  or  cherry  attached  to  the  foot  by  a 
narroAV'  ai^d  more  or  less  limp  pedicle.  The  skin  of  the  strangled  portion 
is  not  materially  altered  in  appearance,  although  to  the  touch  the  tissues 
have  a someAvhat  soft  and  lipomatous  consistence.  When  in  process  of 
time,  and  in  consequence  of  the  pressure  of  the  constricting  band,  the 
bojie  or  ligaments  included  in  the  pedicle  become  absorbed  and  lose  their 
rigidity,  the  toe  becomes  everted,  so  that  the  nail,  Avhich  may  have 
become  mor'e  or  less  deformed,  faces  outAvards,  or  outwards  and  doAvn- 
Avards.  The  constriction  usually  corresponds  Avith  the  first  inter- 
phalangeal  articulation  ; occasionally  it  passes  through  the  shaft  of  the 
first  phalanx.  Gongora  relates  a case  in  Avhich,  after  the  casting  off  of 
the  tAvo  distal  phalanges,  the  process  Avas  repeated  in  the  stump.  The 
naiTOAv  limp  pedicle  now  permits  the  SAvollen  toe  to  double  under  the 
foot  in  AA^alking,  thereby  often  occasioning  much  pain  and  inconA'enience  ; 
for  this  reason,  ami  as  the  toe  is  incessantly  injured  by  catching  on 
Auirious  objects,  the  patient,  if  this  be  not  effected  spontaneously  or  by 
accident,  sevei's  the  pedicle.  The  slight  resulting  Avound  usAially  heals 
readily  ; occasionally,  hoAvever,  a small  ulcer,  in  Avhich  exposed  bone  may 
bo  detected,  may  remain  open  for  a time. 

In  some  instances  a certain  amount  of  ulceration  may  be  present  in 
the  depths  of  the  constricting  groove,  paiticularly  at  the  inner  angle  of 
the  plantar  fold  ; it  is  probably  induced  by  injury  or  dirt.  Although 
at  times  the  toe  itself  may  become  inflamed  and  even  gangrenous,  actiA'e 
inflammatory  manifestations  ap|)ear  not  to  be  a necessary  part  of  the 
process.  When  ulcerated  oi-  inflamed  there  is  generally  a good  deal  of 
suffering  in  the  part;  feelings  of  constriction  are  also  complained  of 
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•sometimes.  One  observe)'  (Dupouy)  states  that  in  his  cases  the  onset  of 
the  ilisease  was  preceded  by  pains  in  the  loin  so  severe  that  the  patients 
wci-e  nnable  to  sta)id.  Other  \vrite)'s  do  not  confirm  this  observation. 

Both  little  toes  may  be  attacked  simultaneously,  or  one  after  the 
other ; it  may  be  after  a long  interval  (30  years,  Duhring).  The  little 
:toe  is  that  most  fi'cquently  affected  (45  out  of  50  cases);  more  rai'ely  it 
is  the  fourth  toe  (5  out  of  50  cases,  Da  Silva  Lima).  The  disease  has 
also  been  seen  in  the  fourth  and  little  toes  of  the  same  foot  (Pereira, 
T4uimares),  and  also  in  the  second  toe  ((4ongoi'a).  Guyot  i-ecords  a case 
of  the  same,  or  a simihir  disease,  in  a native  of  the  Isle  of  Pines,  in  whom 
not  only  the  toes  but  tlie  fingers  were  attacked  ; and  it  is  siiid  tlnit 
the  leg  itself  has  bee)i  the  subject  of  a similar  amputating  linear 
constriction. 

Treatment. — In  the  earlier  stages  it  has  been  suggested  that  the 
progi-ess  of  sti’angulation  might  be  ai-)-ested  by  division  of  the  constricting 
ring.  When  the  attected  toe  becomes  useless,  and  is  the  source  of  pain 
or  inconvenience,  it  should  be  amputated. 

. Patrick  Manson,  1899. 

J.  M.  H.  MacLeod,  190G. 
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GOUNDOU 


By  J.  M.  H.  M.vcLEon,  M.D.,  IM.R.C.P. 

SvxoNYlMS. — Gro.z-ne~  ; l[enpui/e  or  “dog-nose”  of  the  Gold  Coast; 
Annkhre  or  “big-nose”  of  the  French  Ivory  Coast. 

Definition.  — Goundou  is  a peculiar  affection  of  the  nose,  which  is 
endemic  chietlv  among  the  natives  of  West  Africa,  and  is  chai’acterised 
by  symmetrical  swelling  of  the  sides  of  the  nose,  I’esulting  from  an 
exosto.sis  of  the  nasal  pi-ocess  of  the  superior  maxillaiy  lione. 
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History. — This  remarkable  condition  was  first  described  by  Professor 
Alexander  ]\Iacalister  in  a paper  read  before  the  Royal  Irish  Academy 
on  December  11,  188:1,  upon  the  existence  of  “liorned  men”  in  Africa, 
and  was  then  regarded  rather  from  an  ethnological  than  from  a i)atho- 
logical  point  of  view.  In  1887  Lamprey  next  drew  attention  to  it,  and 
described  three  cases  which  came  under  his  observation  whilst  he  was 
serving  on  the  Gold  Coast.  For  a detailed  account  of  the  disease, 
however,  we  are  indebted  to  the  writings,  in  1895,  of  INIaclaud  of  the 
French  Navy,  who  had  the  opportunity  of  studying  a number  of  cases 
among  the  inhabitants  of  the  French  Ivory  Coast.  Since  then  contrilni- 
tions  on  the  subject  have  appeared  from  different  parts  of  the  globe, 
all  of  which  have  exhibited  a striking  unanimity  with  regard  to  the 
principal  signs  and  symptoms  of  this  disease. 

Geographical  Distribution. — Goundou  occurs  chiefly  among  the 
natives  of  the  West  Coast  of  Afilca,  the  majority  of  the  cases  having 
been  reported  from  the  Gold  Coast  and  the  French  Ivory  Coast.  It  is 
so  prevalent  in  certain  districts  of  the  Ivory  Coast  that  Maclaud  h;is 
estimated  that,  on  the  lower  banks  of  the  river  Comoe  between  1 and  2 
per  cent  of  the  natives  are  affected  with  it.  Cases  have  been  recorded 
also  from  Sieira  Leone  (Renner),  Angola,  Uganda,  and  Zanzibar  (Fried- 
richsen).  It  is  not,  however,  confined  to  the  African  continent,  for  cases 
have  been  observed  in  the  West  Indies  (Strachan),  the  Malay  Peninsula 
(Braddon),  Sumatra  (Graham),  and  China  (Maxwell). 

Etiology. — The  boii}’^  nature  of  the  tumoiir  masses  was  recognised  by 
Lamprey  as  early  as  1877,  and  it  is  now  generally  conceded  that  they 
are  the  result  of  a chronic  subperiostitis  of  the  nasal  process  and  infra- 
orbital plate  of  the  superior  maxilla ; but  the  cause  of  the  periostitis  is 
at  present  unknown. 

It  occurs  chiefly  in  the  natives  of  certain  districts  of  AYest  Africa, 
and  so  far  has  not  been  known  to  attack  a European.  Maclaud’s 
recognition  of  the  affection  in  a chimpanzee  proves  that  animals  are  not 
immune  from  it.  It  is  said  to  be  more  common  in  males  than  in  females. 
Since  the  affection  may  l:)e  found  in  various  countries  far  distant  from 
each  other,  such  considerations  as  the  character  of  the  soil  or  atmospheric 
conditions  can  have  little  bearing  on  its  causation.  High  temperature, 
however,  may  be  a factor  in  its  etiology,  as  almost  all  the  recorded  cases 
have  occurred  in  the  tropics. 

The  earlier  writers  on  the  subject  believed  it  to  be  a racial  peculiarity 
of  the  natives  of  the  AVest  Coast  of  Africa,  and  the  cases  which  Avere 
recorded  from  the  AA^est  Indies  Avere  explained  as  examples  of  atavism, 
the  negroes  affected  being  regarded  as  coming  from  an  African  stock 
(Strachan).  But  its  occurrence  in  the  Malay  Peninsula  and  China,  as 
Avell  as  in  many  AA’'est  African  tribes,  proves  that  the  influence  of  race 
is  not  an  important  etiological  factor.  Maclaud  is  responsible  for  another 
hypothesis  Avhich  has  attracted  considej'able  attention,  namely^,  that  the 
<lisease  is  caused  by  the  presence  under  the  periosteum  of  the  larvje  of 
certain  flies  Avhich  have  penetrated  the  nasal  process  from  the  nose. 
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; 13ut,  as  Sir  P.  Maiisoii  has  pointed  out,  it  is  ditHcult  on  this  hypothesis 
to  explain  the  symmetiy  of  the  lesions,  and  for  various  other  reasons 
it  has  not  been  generally  accepted.  Another  explanation,  which  has 
been  strongly  supported  by  Chalmers  and  recently  by  Nell,  is  that  the 
attection  has  a cau.sal  relation  to  yaws  or  frambmsia.  Chalmers  observed 
:that  in  his  cases  the  goundou  developed  either  in  patients  sutl’ering 
■from  vaws  or  in  those  who  were  recovering:  from  it  and  had  a nasal 
discharge.  He  believed  that  the  poison  of  yaws  was  taken  up  from  the 
nasal  mucosa  and  passed  by  the  small  vessels  through  the  foramina  in 
the  nasal  process,  and  there  set  up  the  “osteoplastic  periostitis.”  Nell, 
on  the  other  hand,  regarded  the  yaM's  as  the  disposing  cause,  and  believed 
the  virus  to  be  probably  similar  to  that  of  phagedrenic  ulceration.  Since 
so  many  of  the  natives  of  the  districts  in  which  goundou  is  endemic 
either  have  yaws  or  have  suffered  from  this  disease,  a more  definite 
1 relation  than  the  frequent  coincidence  of  the  two  diseases  must  be 
' estaldished  before  this  explanation  can  be  accepted. 

Symptoms. — The  disease  usually  commences  in  childhood.  It  may, 

> however,  not  come  on  till  later,  as  may  happen  when  an  adult  native 
i migi'ates  into  a district  where  the  affection  is  endemic.  Congenital  cases 
i have  been  recorded  by  Chalmers  and  Nell,  but  this  is  not  the  common 
-■  experience,  and  the  majority  of  writers  on  the  subject  describe  it  as  an 
• acquired  affection.  The  disease  is  generally  ushered  in  by  frontal  head- 
I-  aches  associated  with  a sero-sanguineous  discharge  from  the  nose.  These 
symptoms  pei'sist  for  about  six  months  and  then  gradually  disappear. 
<'  During  this  time  hard  pea-sized  swellings  have  developed  on  each  side 
■ of  the  nose  just  below  the  level  of  the  inner  canthus.  These  slowly 
I increase  in  size  in  a downward  and  outward  direction,  and  assume  an 
I oval  shape.  About  the  age  of  puberty  they  may  have  become  the  size 
i of  an  almond ; at  the  age  of  twenty  they  may  be  as  large  as  half  a 
i ]iigeon’s  egg  on  each  side  of  the  nose  ; and  at  the  age  of  thirty  they  may 
liave  reached  the  dimensions  of  a hen’s  egg  (Scheube).  In  a man  aged 
I sixty  years  Maclaud  observed  a goundou  tumour  the  size  of  an  ostrich’s 
. egg.  As  a nde  the  lesions  are  symmetrical ; but  unilateral  tumours  have 
been  recorded,  and  one  tumour  may  develop  before  the  other.  The 
growth  of  the  goundou  is  remarkably  slow,  in  some  cases  being  con- 
tinuous, in  others  ceasing  with  adult  life  or  at  some  intermediate  period 
of  its  course. 

The  skin  over  the  tumour  is  normal  in  colour,  and  freely  movable 
on  the  subjacent  tissue.  There  is  no  marked  inflammation  associated 
with  the  appearance  of  the  lesions,  and  they  never  break  down  or  ulcei-ate. 
On  palpation  they  present  a bony  consistence,  are  fixed,  and,  except  in  the 
early  stages,  are  not  tender.  Friedrichsen,  however,  has  recorded  a case 
in  which  the  lesions  were  painful  on  palpation,  even  after  they  had  existed 
for  nine  years ; and  Chalmers  has  noted  that  they  may  1)ecome  painful 
in  wet  weather. 

The  tumours  cause  a bulging  in  of  the  walls  of  the  nose  and  constilct 
the  nasal  cavity,  but  they  do  not  encroach  on  the  septum  of  the  nose  or 
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the  nasal  cartilage,  nor  do  they  prevent  breathing  through  it.  The 
sense  of  smell  is  not  markedly  impaired  by  them,  but  the  nasal  mucosa 
is  swollen  and  sensitive,  and  a nasal  voice  may  be  produced.  The  oral 
cavity  and  the  hard  palate  are  not  invaded,  and  the  general  health  of 
the  patient  is  not  interfered  Avith.  The  onlj'  definite  disadvantage 
attached  to  goundou,  besides  the  disfigurement,  is  that  when  the 
swellings  I’cach  a certain  size  they  so  interfere  with  the  unfortunate 
patient’s  vision  that  he  is  obliged  to  bend  his  liead  down  in  order  to  see 
over  the  top  of  them.  They  do  not,  as  a rule,  invade  the  orbital  cavity 
or  injure  the  eyeball,  but  if  they  become  sufficiently  large  they  may 
displace  the  eye  and  even  destroy  it  by  pressure  (Maclaud).  When  cut 
into,  the  growths  are  found  to  consist  mainly^  of  soft  cancellous  bone  Avith 
a thin  covering  of  compact  bone  Avhich  aa'us  formed  beneath  the  periosteiuii 
of  the  nasal  process  of  the  superior  maxilla,  and  may  also  liaA'e  im  aded 
the  infraorbital  plate. 

Treatment. — Abirious  forms  of  treatment,  short  of  extirpation,  such 
as  iodide  of  potassium  internally,  have  l)een  tried,  but  Avith  no  apparent 
benefit.  The  oidy  satisfactory  metliod  of  dealing  A\dth  the  tumours  is 
excision.  For  this  purpose  an  incision  should  be  made  in  the  long  axis, 
the  skin  retracted,  and  the  bony  growth  remoA'ed  by  bone  forceps. 

J.  M.  H.  MacLeod. 
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TROPICAL  DISEASES  OF  THE  SKIN 

By. I.  M.  H.  MacLeod,  M.D.,  M.R.C.P. 

Introduction. — Tropical  dermatology  is  at  present  in  its  infancy  and 
has  not  yet  attracted  the  attention  Avhich  it  desei'A’es.  Though  A'arious 
tropical  skin  affectiojis  have  been  more  or  less  minutely’  described,  the 
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subject  as  a whole  is  still  in  a state  of  disorder  almost  amounting  to 
chaos.  This  condition  of  things  is  due  to  several  causes.  First,  because 
we  are  indebted  for  the  description  of  a large  number  of  the  tropical 
dermatoses  to  observers  abroad  who  are  not  experts  in  this  branch  of 
medicine,  and  were  without  the  facilities  for  working  out  the  disease  on 
the  spot ; secondly,  because  the  nomenclature  of  tropical  skin  diseases  i.s 
confusing,  since  many  of  the  Jiames  applied  to  them  are  native  generic 
names  or  place-names,  and  have  been  used  indiscriminately  for  vai-ious 
atfections  which  differ  in  their  clinical  characteristics,  etiology,  and 
patholog}' ; and  lastly,  because  until  recently  observers  seem  to  have  paid 
more  attention  to  the  skin  diseases  affecting  the  white  man  in  the  tropics 
than  to  those  of  the  native.  It  is  difficult  also  to  obtain  accurate  statistics 
of  even  the  well-known  skin  diseases  of  the  tropics,  since  not  being  as  a 
rule  fatal,  they  are  apt  to  be  missed  out  in  health  returns,  or  if  mentioned, 
are  simply  included  under  the  general  heading  of  skin  diseases. 

The  skin  diseases  of  the  tro])ics  do  not  differ  essential!}^  from  those 
of  temperate  latitudes,  but  their  clinical  characteristics  and  etiology  are 
modified  by  climate,  clothes,  or  rather  want  of  clothes,  habits,  customs, 
food,  and  clifferences  in  the  power  of  the  skin  in  coloured  races  to  react 
to  irritants.  In  this  volume  the  skin  diseases  i)eculiar  to  tropical  and 
subtropical  climates  will  be  dealt  with,  but  reference  will  also  be  made  to 
certain  skin  affections  prevalent  in  temjierate  latitudes,  which  become  con- 
siderably altered  when  they  occur  in  hot  climates  and  on  dark  skins. 

The  following  provisional  classification  of  the  skin  diseases  of  the 
tropics  is  based  on  that  adopted  by  Jeanselme : — 

I.  General  Infective  Granuloma  involving  the  Skin 

Leprosy  {vide  art.  p.  048). 

Syphilis  (p.  736). 

Tuberculosis  (p.  738). 

Yaws  or  Frambeesia  {vide  art.  p.  095). 

Verruga  {vide  art.  p.  704). 

II.  Local  Affections  of  the  Skin  of  Microhic  Origin 

Oriental  Sore  {tide  art.  p.  712). 

Tropical  Fhagediena  (p.  739). 

Veld  Sore  (p.  743). 

Ulcerating  Granuloma  of  the  Pudenda  (vide  art.  p.  708). 


III.  Skin  Affections  of  Mycotic  Origin 

FaAiis  (p.  745). 

Kingworm — 

a.  Tinea  tonsurans  (jx  746). 

b.  „ circinata  (p.  746). 

c.  „ cruris  or  Dhobie  Itch  (p.  746). 

d.  „ imbricata  (p.  747). 
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Krythrasmu  (p.  749). 

Pityriasis  versicolor  (p.  750). 

Pinta  or  Carate  (p.  750). 

Piedra  (p.  753). 

^lycetonia  (p.  754). 

I\'.  Skin  Affections  due  to  Animal  Parasites 

Craw-craw  (p.  759). 

Water-itch  (p.  760). 

Sand-flea  or  Jigger  (p.  761). 

Myiasis:  due  to  the  larvae  of  various  flies  (p.  762). 

Ixodiasis  : due  to  ticks  (p.  764). 

Bites  of  leeches  {lide  p.  959). 

V.  Skin  Affections  due  to  the  CUnuite  of  the  Tropics 
Erythema  solarc  (p.  765). 

Lichen  tropicus  or  Prickly  heat  {vide  art.  Vol.  VIII.  p.  743,  1899), 

VI.  Dystrophies 

Vitiligo  (p.  766). 

Cheloid  and  hypertrophic  scars  (p.  766). 

Ainhum  {vide  art.  p.  728). 

Note. — Several  of  the  skin  affections  so  classified  above  will  probably 
in  the  light  of  further  knowledge  require  rearrangement. 


I.  General  Infective  Granulomas  involving  the  Skin 

Syphilis  in  the  Tropics. — Syphilis  is  almost  world-wide  in  its  distribu- 
tion, and  only  a few  remote  parts  of  the  globe,  such  as  Greenland,  various 
inaccessible  districts  in  Central  Africa,  and  certain  rarely  visited  islands 
of  the  South  Seas  still  remain  .immune  from  it.  It  was  unknown,  how- 
ever, among  the  aboriginal  inhabitants  of  tropical  countries,  and  has  been 
carried  there  by  the  white  man  or  the  Asiatic.  At  the  end  of  the 
eighteenth  century  syphilis  was  introduced  into  the  South  Sea  Islands  by 
the  sailors  who  voyaged  with  Captain  Cook,  and  it  has  always  been  the 
case  that  as  civilisation  has  advanced  and  new  countries  have  been  opened 
up  to  commerce,  intercourse  with  the  white  man  has  led  to  the  inti’oduc- 
tion  of  the  disease.  It  has  frequently  been  asserted  that  certain  races 
are  less  susceptible  to  the  disease  than  others,  and  this  is  doubtless  true, 
but  it  is  more  probably  the  result  of  a higher  state  of  morality,  greater 
cleanliness,  and  better  sanitation,  than  of  racial  differences. 

Syphilis  in  the  tropics  does  not  differ  essentially  from  s3qDhilis  of 
temperate  latitudes,  though  its  clinical  manifestations  may  be  consider- 
ably modified.  The  subject  has  not  yet  attracted  much  attention,  and 
the  records  and  statistics  are  often  untrustworthy,  since  in  health 


TROPICAL  DISEASES  OF  THE  SKIN 


737 


I i-eports  syphilis  is  fre(piently  confused  with  other  vcnerenl  diseases,  oi’ 

' with  yaws  or  with  tuberoidosis,  or  included  with  yaws  under  a generic 
I native  heading  such  as  “ parangi  ” in  Ceylon.  For  the  most  recent  con- 
ttrihutions  to  this  subject  we  are  indebted  to  Jeanselnie,  who  has  described 
•syphilis  in  the  Indo-Chinese  peninsula,  and  to  Scheube,  for  a general 
t review  of  the  subject  published  in  1902. 

(I'eorjrapliical  iJisfribufion. — Syphilis  is  common  in  most  parts  of  Asia, 

I being  specially  severe  in  Bokhara,  certain  districts  in  India,  and  in  China, 
(Corea,  and  Japan.  It  is  very  prevalent  in  the  Straits  Settlements 
( (Clemow)  and  Borneo.  In  North  America  it  is  specially  rife  among  the 
1 Indian  population,  and  in  the  south  it  has  proved  a veritable  scourge  in 
; Me.xico  and  Brazil.  In  Africa  it  varies  considerably  in  vii  ulence.  In 
: British  Fast  Africa,  for  example,  it  is  comparative!}'  rare  in  the  interior, 
i though  common  on  the  coast;  and  in  tropical  Afiica  the  natives  seem  to 
I possess  a certain  degree  of  immunity  to  it,  and  take  it  in  a mild  foi  m. 

' In  the  Madagascar  district,  however,  it  occurs  iji  an  exceptionally  severe 
1 and  malignant  type. 

M’hen  the  disease  is  transmitted  to  a pi’eviously  iinaffectcd  district  or 
island  it  is  prone  to  occur  in  a malignant  form,  decimatitig  the  popula- 
tion, and  recalling  the  epidemic  type  of  the  disease  which  prevailed  in 
Europe  in  the  fifteenth  centuiy. 

Though  not  essentially  different,  syphilis  in  the  ti'opics  may  present 
' certain  peculiarities  which  distinguish  it  from  syphilis  in  temperate 
climates  ; and  one  of  the  most  striking  of  these  is  the  far  greater  frerjuency 
of  the  e.xtra-genital  chancre  in  the  tropics.  This  is  partly  because  the 
native  wears  little  or  no  clothing,  and  the  skin,  especially  of  his  legs, 
is  exposed  to  abrasion  from  the  spines  of  prickly  plants,  splinters  of 
wood,  and  bites  and  stings  of  insects  and  the  like,  and  through  such 
breaches  of  the  surface  the  syphilitic  viiais  readily  gains  entrance. 
Various  native  customs  also  tend  to  result  in  extra-geiiital  chancres  ; such, 
for  example,  as  the  passing  round  of  the  water-gourd  from  lip  to  li]),  and 
the  habit  of  the  native  “medicine-man”  of  sucking  bleeding  and  ulcerat- 
ing sores.  Owing  to  the  want  of  cleanliness  of  the  native,  and  the  great 
liability  to  secondary  inoculations,  the  pi'imary  lesions  are  apt  to  be 
infected  with  virulent  micro-organisms  and  to  become  fulminating  sores, 
and  not  infrequently  to  assume  phagedoeiuc  characters. 

In  his  description  of  syphilis  in  Indo-China  Jeanselme  has  pointed 
out  that  the  period  of  secondary  symptoms  is  only  slightly  apparent  in 
the  native.  Roseolar  rashes  are  not  observed,  papulai'  eruptions  are 
mild  in  character  and  difficult  to  detect,  and  mucous  patches  in  the 
mouth  are  rare.  The  tertiary  period,  on  the  other  hand,  is  as  severe  in 
its  manifestations  as  the  secondary  is  slight.  Some  Aveeks  after  the 
initial  lesion  an  eruption  of  nodular  crusted  syphilidcs,  situated  usually 
on  the  lower  extremities,  generally  makes  its  appearance.  These  lesions 
rapidly  increase  in  size,  and  are  apt  to  break  down,  producing  deep 
ulcerations,  or  by  the  drying  up  of  a profuse  discharge  to  become  covered 
Avith  thick  crusts  forming  coarse  rupia. 
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111  as.sociaiioii  with  the  cutaneous  lesions  the  joints  and  bones  become 
involved,  the  epiphyses  liecome  swollen,  and  severe  osteocopic  pains 
arise.  Some  montlis  later,  through  the  spreading  of  the  ulceration, 
malignant  .serpiginous  lesions  are  formed,  and  large  areas  of  tissue  aie 
destroved,  which  on  healing  result  in  severe  contractions  and  disfiguring 
scars.  The  joints  become  more  and  more  involved,  and  the  smaller  ones, 
such  as  those  of  the  jihalanges,  are  apt  to  become  detached,  and  tlie  hands 
and  feet  to  be  reduced  to  almost  unrecognisable  stumps.  Although  in 
its  course  the  disease  may  assume  these  jirecocious  and  malignant 
characters,  parasyjihilitic  aH'ections,  such  as  tabes  and  general  para- 
lysis, are,  according  to  Jeanselme,  unknown  in  Indo-China,  and  Scheuhe 
has  made  the  same  observation  with  regard  to  syjihilis  in  dapan, 
Ivashmir,  Corea,  and  the  coast  of  Malabar.  Syphilis  contracted  by 
Euroiieans  from  native  women  freijuently  assumes  precocious  characters, 
such  as  those  de.scribed  above,  a fact  which  further  enijihasises  the 
necessity  of  the  adojition  of  more  stringent  measures  of  prevention 
among  troops  serving  in  tropical  countries  and  in  India. 

Congenital  syphilis  is  also  common  in  the  tropics.  Jeanselme  has 
descril)ed  it  in  the  Far  East,  and  has  noted  that  it  attacks  chiefly  the 
cutaneous  and  osseous  systems,  and  is  associated  Avith  a heavy  mortality. 
The  usual  characteristics,  such  as  depression  of  the  bridge  of  the  nose, 
malformations  of  the  skull,  and  rhagades  at  the  angles  of  the  moutli, 
are  generally  present.  The  triad  of  Hutchinson  is  said  to  be  rarely 
observed — “ the  ear  remains  normal,  interstitial  keratitis  is  exceptional, 
and  the  teeth  are  generally  well  formed.”  Nervous  lesions  are  common, 
such  as  idiocy,  imbecility,  spastic  paraplegia,  and  hydrocephalus. 

d'he  treatment  of  exotic  syphilis  is  the  same  as  that  emjJoyed  in 
Europe.  In  Euro[)ean  residents  in  the  troj)ics  the  mercury  should  he 
administered  by  .subcutaneous  injection,  as  it  is  prone  to  irritate  the 
aliimmtary  tract  when  given  bv  the  mouth,  and,  if  rubbed  into  the  skin, 
to  aggravate  prickly  heat.  (For  detailed  ti-eatment  vide  Vol.  11.  Fart  1 
p.  368,  and  Vol.  Vill.,  1899,  p.  814.) 
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Tuberculosis  Cutis. — The  prevalence  of  the  various  skin  manifesta- 
tions of  tuberculosis  in  the  tropics  is  a subject  on  ivhich  as  yet  ive  have 
no  trustworthy  infonnatioii.  Tuberculosis  has  a universal  distribution, 
]ire vailing  in  latitudes  as  far  i-emovcd  as  those  of  Greenland  and  Brazil. 
In  certain  countries  and  districts,  however,  its  occurrence  is  rare;  for 
example,  in  Egypt,  the  Straits  Settlements,  and  the  Malay  Peninsula. 
It  is  extremely  prevalent  in  China  and  Japan.  It  affects  all  races,  but 
the  negro  seems  to  bo  pai'ticularly  susceptible.  In  xvai-m  climates  lupus 
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vulgaris  is  rarely  found,  though  scrofulodermia  is  coni})aratively  coniiuon. 
'This  subject  requires  further  observation  ; foi'as  our  knowledge  of  tubei-- 
. culosis  cutis  becomes  more  exact,  it  has  become  clear  that  the  cutaneous 

I manifestations  of  tuberculosis  are  almost  as  multiform  as  those  of 
• syphilis,  and  that  what  the  exotic  clinical  types  are  has  still  to  be  shewn. 

II.  Local  Affections  of  the  Skin  of  Microbic  Origin 

Tropical  Phagedtena.— Synonyms  : ritarjedu  nic  ulen  of  want >■  dhiitifrs. 
Endemic  phagedeenic  ulcer,  Ulcer  of  Mozamhigiie,  Guiana  nlcci',  Malabar  ulcer, 
Annamitc  sore,  Aden  ulcer,  Yemen  sore. 

Definition. — Tropical  i)hagediena  is  the  name  ajiplied  to  a form  of 

II  •sloughing  sore  or  ulcer  which  is  endemic  in  tropical  and  certain  sub- 
’ • tropical  countries,  and  is  characterised  by  the  presence  of  a greyish 

•false  membrane,  a fetid  exudation,  and  a tendency  to  infiltrate  and 
* desti-oy  surrounding  tissues. 

Historical. — ^^'e  ai-e  chiefiy  indebted  to  French  writers  for  our  knou'- 
. ledge  of  tropical  phagedmna.  In  1862  Le  Ixo}’^  de  Mericourt  and 
1 i Kochard  suggested  the  name  of  “ Phagedmnic  ulcer  of  Avarm  climates 
j;  las  a generic  name  for  a number  of  sloughing  ulcers  Avhich  had  been  i)rc 
It . viously  described  by  observers  in  different  tropical  countries,  and  had  been 
ri  variously  named  b}'  them  according  to  the  district  in  which  they  occurred, 
^ but  which  were  believed  by  Kochard  to  be  identical.  For  example,  a 
n - sloughing  ulcer  had  been  described  in  coolies  from  the  coast  of  Mozaml)iqne 
n under  the  heading  of  “ ulcer  of  Mozambique  ” ; Chapins  gave  an  account 
I of  a similar  condition  among  the  galley-slaves  taken  to  French  Guiana 
L under  the  name  of  “Guiana  ulcer”;  and  about  the  year  18G1  a serious 
d outbreak  of  phagednenic  ulcers  occurred  in  the  French  expeditionary  force 
'•-sent  out  to  Cochin  China,  the  ulcers  being  called  “Aunamite  sores.” 
M About  this  time,  however,  “ phagedrenic  ulcers  of  the  tropics”  formed  an 
■i  ill-defined  group,  and  Avas  commonly  utilised  as  an  inclusive  title  for  a 
il-numljerof  exotic  ulcers,  different  in  their  etiology  and  pathology,  the 
J'only  common  factor  being  the  uncertainty  of  their  nature.  In  1884  Te 
q'  Dantec  had  the  opportunity  of  studying  the  affection  in  Arab  convicts  in 
i^  Guiana,  and  insisted  on  the  restriction  of  the  name  “phagedaena  of  the 
||  tropics  ” to  sloughing  ulcers  on  Avhich  a false  membrane  Avas  present,  and 
lij  it  is  in  this  sense  that  the  name  is  uoav  employed. 

I Geographical  Distribution. — This  affection  has  a Avide  distribution  in 
1^  tropical  and  subtropical  zones,  but  is  chiefiy  met  Avith  in  loAv-lying, 
swampy  districts  about  the  months  of  rivers  and  along  the  sea-coast.  In 
|i  tropical  Africa  it  prevails  on  the  east  coast  in  Mozambicpie,  IMadagascar, 
I*,  ami  Zanzibar,  and  on  the  Avest  in  the  Gold  Coast  and  Gambia.  In 
subtropical  Africa  it  is  encountered  in  Egypt,  Abyssinia,  and  the 
Sudan.  In  Asia  it  is  met  Avith  on  the  Arabian  shores  of  the  Ked  Sea, 
1)  and  in  the  pro\dnce  of  Yemen.  It  is  found  in  LoAver  Bengal  and  Sind, 
h and  is  so  preA-alent  in  Indo-China  that  Jeanselme  has  described  this 
I region  as  its  place  of  election.  It  is  rife  on  the  coast  of  Malaliar,  the 
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Straits  Settlements,  and  tlie  south  littoral  of  China.  Cases  have  been 
reported  in  the  Malayan  Archipelago,  in  Borneo  and  Sumatra ; and  in 
Australasia  in  the  Fiji  and  Solomon  Islands  and  New  Caledonia.  In 
tropical  America  it  is  met  with  in  Mexico,  South  America,  and  the 
West  Indies. 

Etiology  inul  Bacteriology. — The  clinical  characters  and  cour.se  of  tropical 
phagediena  all  point  to  the  conclusion  that  it  is  the  result  of  the  inocula- 
tion of  a specific  microbe  in  a susceptible  individual,  but  no  definite 
pathogenetic  virus  has  yet  been  discovered.  Bacilli  and  micrococci  have 
been  found  in  considerable  numbers  both  in  the  false  membrane  and  the 
exudation,  as  might  be  expected,  but  none  of  them  has  been  proved  to 
l)e  specific.  In  1884  Le  Dantec  descrilied  a bacillus  which  he  believed 
to  I)e  the  cause.  It  was  a straight,  or  sometimes  bent,  motionless 
Ixicillus,  which  measured  from  7 to  10  /x  in  length,  was  not  stained  by 
Gram’s  method,  did  not  grow  on  ordinary  culture  media,  and  inoculation 
experiments  gave  negative  results.  These  observations  were  corroborated 
in  the  main  by  Boinet,  Petit,  and  others.  A closely  allied  bacillus  \vas 
described  recently  by  Matzenauer  of  Vienna  in  hospital  gangrene.  These 
observations,  however,  though  interesting  and  suggestive,  are,  in  the 
absence  of  successful  inoculation  experiments,  inconclusive. 

A hot  moist  climate  would  seem  to  be  one  of  the  most  important 
factors  in  the  etiology  of  this  disease.  It  occurs  chiefly  in  the  rainy 
season,  and  is  most  prevalent  in  low-lying  swampy  districts,  imperfectly 
drained  fields,  the  alluvial  beds  of  rivers,  and  on  the  marshy  lands  about 
the  sea-coast ; it  is  rare  in  the  highlands  of  the  interior  and  in  towns. 
It  has  been  suggested  by  various  Avriters  that  the  pathogenetic  virus 
has  its  habitat  in  the  mud  and  mouldy  vegetation  of  the  marshes. 
There  is  no  racial  immunity  towarxls  the  disease,  but  it  is  much  more 
common  in  natives  than  in  Europeans,  because  the  mitive  is  much  more 
insanitary  in  his  habits,  and,  from  tramping  about  barefoot  and  bare- 
legged in  the  mud,  more  liable  to  inoculation.  An  important  dispos- 
ing cause  is  a weak  state  of  health,  such  as  may  be  brought  about  by 
exhaustion,  Avant  of  food,  or  Avasting  disease.  It  readily  attacks  native 
soldiers  during  an  ai'duous  campaign,  slave-com'oys  on  the  march,  badly 
fed  coolies,  and  pioneers  openiiig  up  some  marshy  jungle-land.  Of  the 
Avasting  diseases  Avhich  dispose  to  it,  such  as  scurvy,  dysentery,  tuber- 
culosis, and  malaria,  by  far  the  most  important  is  the  last-named,  and  in 
nearly  ever}^  district  in  Avhich  tropical  phagediena  occurs  malaria  is  endemic. 
So  close  is  the  association  between  phagediena  and  mahiriii  that  the 
name  of  “ malarial  ulcer  ” or  “ fever  sore  ” has  been  frequently  given  to 
it.  Under  the  headitig  of  “feA^er  sore”  Auirious  kinds  of  ulcers,  more 
trivial  in  nature  than  tropical  phagediena,  have  also  been  included. 
These  so-called  “malarial  ulcers”  are  not  due  to  the  nudiiria  alone,  hut 
iire  the  result  of  the  inoculation  of  a specific  virus  in  an  individual 
rendered  susceptible  by  the  malaria.  When  Europeans  ai-e  affected  Avith 
tiopical  phagediena  malaT'ia  is  usually'-  responsible,  and  it  has  been 
frequently  noted  that  a sudden  spreiid  of  the  gangrenous  process  is  liable 
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• .0  t;ike  place  witli  each  access  of  fever.  Cross,  in  his  descri])tion  of 
iiialarial  ulcers  of  Ih-itish  Central  Africa,  stated  that  ]turoj)cans  aie 
$ 'Seldom  attacked  ■with  these  sores  till  they  have  been  a couple  of  years  in 
t ‘■.he  country,  b}-  which  time  the  debilitating  effects  of  the  malaria  begin 
t :o  manifest  themselves. 

> Si/nipfowa. — Tropical  ])hagedaena  may  develop  on  apparentlj'  health}' 

r skin,  but  it  usually  follows  an  abrasion  of  the  surface  from  traumatism, 
)ites  and  stings  of  insects,  or  other  such  cause.  It  may  also  be  a 
I complication  of  some  pre-existent  sore  such  as  a gramdating  lesion  of 
1 yaws  or  a sy])hilitic  idcer.  It  may  be  mild  and  chronic  in  type,  or 
» assume  acute  characters  and  result  in  a terrible  gangrenous  sore  which 
iimay  have  a fatal  termination.  It  most  frequently  occurs  on  the  dorsum 
l of  the  foot  and  the  front  of  the  leg  of  natives,  as  they  are  uncovered  and 
I are  the  parts  most  liable  to  injury  and  inocnlation.  It  is  not,  however, 
I confined  to  the  lower  extremities,  and  has  been  frequently  observed  on 
the  hands  and  ai’ms  of  coolies,  specially  when  Avorking  at  the  rice 
f harvest,  and  occasionally  it  has  been  known  to  attack  the  face  and  even 
■ the  covered  parts  of  the  body. 

'r  Soon  after  the  specific  inoculation  takes  place  the  skin  of  the  afl'ected 
I part  becomes  inflamed,  painful,  and  raised.  In  the  course  of  a feAv  days 
a vesicle  or  bulla,  filled  with  sero-sanguineous  fluid,  forms  in  the  centre 
I 'of  the  inflamed  area.  The  vesicle  soon  breaks  and  an  unhealthy  ulcer 
f results,  the  floor  of  Avhich  becomes  covered  by  a pulpy,  greyish  false 
i membrane  bathed  in  a fetid  exudation  of  a brownish  colour,  Avhich  has 

I been  likened  to  Avine-dregs.  The  ulcer  spreads  more  or  less  rapidly, 
land  may  reach  the  size  of  a five-shilling  piece  or  larger,  the  edges 
■become  raised  and  undermined,  and  a dusky-red  areola  appears  round  it. 
In  a mild  case  its  progress  may  be  arrested  at  this  stage  by  a process 
of  self-limitation.  In  several  Aveeks  or  months  cicatrisation  takes  place, 

I but  the  resultant  scar  is  too  often  umsatisfactory,  and  liable  to  break 
(loAvn  again  on  the  slightest  injury.  On  the  other  hand,  Avhen  the  virus 
■is  unusually  powerful,  or  the  indiA'idual  affected  is  in  a Ioav  state  of  health 
:from  concomitant  disease  or  other  cause,  the  ulcer  may  take  on  fulminating 
characters  and  rapidly  spread,  layer  after  layer  of  the  soft  parts  being 
attacked  by  the  gangrenous  process.  The  slough  then  separates  and  the 
fascia  and  muscles  are  laid  bare  and  decomposed,  blood-vessels  and 
merves  are  dissected  out,  joints  are  denuded,  and  disarticidation  may 
■ occur,  and  even  the  periosteum  may  be  affected  and  the  bone  exposed. 
'Associated  Avith  the  local  changes  general  symptoms  usually  suj)ervene, 
such  as  weakness,  pain,  sleeplessness,  and  febrile  attacks.  In  such  cases 
■ a fatal  issue  may  result  from  exhaustion  and  A'arious  complications,  such 
as  septicaemia,  pysemia,  haemorrhage  from  an  eroded  vessel,  or  su])pura- 
tion  of  an  affected  joint.  Shoidd  recovery  take  place,  peimanent  dis- 
'figurement  may  be  caused  by  contractures,  mutilations,  and  ankylosis. 

In  many  of  its  clinical  features  tropical  phagedaena  bears  a striking 
resemblance  to  hospital  gangrene,  and  several  observei's  believe  that  the 
conditions  are  identical.  It  has  been  definitely  proved  to  be  auto-inocul- 
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but  there  is  some  diversity  of  opinion  with  regard  to  its  infectivity. 
At  first  it  was  not  believed  to  be  contagious,  but  the  observations  of  Le 
Dantec,  Blaise,  Boinet,  and  others  shew  that  it  may  be  so. 

Jjiarfiiosis. — Tropical  phagediena  must  be  distinguished  from  the 
idcerations  of  yaws,  syphilis,  leprosy,  and  tuberculosis,  from  the  various 
local  ulcers  now  grouped  under  the  heading  of  oriental  sore,  and  from 
siniple  chronic  ulcers.  The  diagnostic  and  pathognomonic  sign  whicli 
distinguishes  it  from  these  lesions  is  the  presence  of  the  gieyish  adherent 
false  membrane.  As  has  already  been  stated,  there  is  considerable 
diversity  of  opinion  regarding  its  relation  to  hospital  gangrene.  Le 
Dantec  and  others  assert  that  the  two  conditions  are  identical,  basing 
their  belief  on  the  clinical  similarity  and  the  fact  that  closely  allied 
bacilli  have  been  isolated  in  both.  Hirsch,  while  admitting  that  certain 
of  the  cases  of  tropical  phagediena  are  hospital  gangrene,  protests 
against  the  inclusion  of  them  all  ‘in  this  category,  and  points  out  that  in 
many  of  the  cases  there  is  a tendency  to  self-limitation,  which  in  hospital 
gangrene  is  unusual,  and  that  the  infective  i)Ower  is  far  less. 

Frophijla.ris  and  Treatment. — Tropical  phagedtena  is  so  serious  and 
intractable  an  affection,  and  is  capable  of  incapacitating  such  a large 
number  of  labourers,  natives,  and  troops  campaigning  in  a country  where 
it  is  endemic,  that  every  eflbrt  should  be  made  to  jtrevent  its  occurrence, 
and  to  stamp  it  out.  For  this  jmrpose  it  is  of  the  first  imporbince  to 
protect  the  legs  and  feet  of  the  native  soldier.  It  would  often  be  difficult 
to  induce  him  to  wear  boots  even  if  they  could  be  provided,  but  adecjuate 
protection  may  be  obtained  by  means  of  sandals  and  puttees  of  some  light 
material.  'When  cases  occur  they  should  be  isolated  if  possible,  and 
to  avoid  overcrowding  in  the  hospitals  infected  persons  might  be  treated 
under  canvas,  or  in  temporary  huts  which  can  be  destroyed  afterwai'ds. 

The  (jeneral  treatment  of  the  affection  consists  in  placing  the  patient 
under  satisfactory  hygienic  conditions,  providing  him  with  good  food  and 
fresh  vegetables,  and  correcting,  as  far  as  possible,  any  olwious  defect  in 
his  general  health.  When  the  phagedmna  is  associated  with  malaria, 
(piinine  should  be  prescribed ; when  it  occurs  in  a syphilitic  subject, 
mercury  and  iodide  of  iiotassium  are  indicated.  Tonics  such  as  iron 
and  strychnine  may  be  employed  on  general  principles.  Sir  P.  Manson 
advocates  0})ium  in  full  doses,  for  the  double  purpose  of  reducing  the 
phagedaena  and  relieving  the  pain.  In  the  case  of  Europeans,  should 
the  affection  not  prove  amenable  to  treatment,  a change  of  climate  and 
a return  home  may  be  followed  by  great  benefit.  The  local  treatment, 
e\  CTi  in  mild  cases,  to  be  successful,  must  be  energetic  and  thorough.  It 
is  necessary  in  the  first  instance  to  destroy  the  false  membrane  and  the 
sloughing  tissue.  This  may  be  done  by  scraping  with  a sharp  spoon,  a 
general  anaesthetic  being  given  if  the  lesion  be  extensive.  After  scraping, 
the  Hoor  of  the  ulcer  should  be  swabbed  with  ]mre  carbolic  acid,  or 
irrigated  with  1 in  1000  sublimate  solution,  and  finally  dusted  over  with 
an  astringent  antiseptic  powder,  such  as  equal  parts  of  iodoform,  boric 
acid,  and  tannic  acid.  An  antiseptic  dressing  such  as  dilute  nitrate  of 
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' mercury  ointment  sprciul  on  lint  should  then  he  applied  inider  a 
I handagc.  hen  the  foot  or  the  leg  is  affected  the  limh  should  he  kept 
elevated.  The  sore  should  he  dressed  twice  daily  at  first,  and  any 
recurrence  of  the  memhrane  promptly  dealt  with  hy  the  curette  and 
carbolic  acid.  In  mild  cases  Tschudnowsky  has  recommended  the  appli- 
• cation  of  the  following  preparation  : iodol,  grs.  4 ; glycerin,  I1(  v.  : 
' : powdered  gum  arahic,  grs.  x.  ; and  absolute  alcohol,  5 i.  ; which  foi  ius 
an  occlusive  dressing  by  solidifying  on  exposure  to  the  air,  and  .so 
enables  the  patient  to  go  about  in  comfort  while  healing  is  taking  place. 
- Instead  of  dressing  the  sore  after  the  scraping.  Sir  P.  i\Ianson  prefers  to 
I leave  it  exposed,  and  to  allow  a weak,  Avarm,  antiseptic  lotion  to  trickle 
on  its  surface  from  an  improvised  irrigator. 

In  j)lace  of  the  sharp  spoon  a thermo-cautery  may  be  employed  to 
-r  • destroy  the  false  membrane.  In  this  way  an  occlusive  scab  is  produced, 
I which  separates  in  about  a week,  and  leaves  a clean  granulating  surface. 

As  a rule,  the  granulations  gradually  become  cicatrised,  but  occa- 
i>  .sionally,  Avhen  there  has  been  extensive  destruction  of  tissue,  tin* 
.>  process  may  be  very  slow.  When  this  is  the  case,  Le  Dantec  advocates 
9 the  cutting  down  of  the  raised  edges  of  the  sore  and  the  application 
of  strips  of  diachylon  plaster  over  it,  to  draw  the  edges  together  and  to 
> exert  continuous  pressure  on  the  granulations.  Occasionally  “ Thiersch- 
$ grafting”  has  to  be  resorted  to,  or  the  raising  and  dissection  of  the  edges, 
»■  and  the  bringing  of  them  together  by  sutures  over  the  Avound  as 
4 suggested  b\'  Plehn.  In  severe  cases  in  Avhich  the  gangrene  is  excessive 
0 amputation  may  be  necessary,  in  Avhich  event  the  incision  must  be  made 
AA'ell  beyond  the  diseased  tissue. 
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I Veld  Sore  of  South  Africa  is  an  intractable  affection  of  tlie  skin 
H Avhich  came  into  prominence  during  the  late  South  African  War  (1899- 
jj  1902),  and  Avas  the  source  of  much  discomfort  and  <a  large  amount  of 
4 invaliding  among  the  British  troops.  It  may  be  defined  as  a special 
1 type  of  superficial  ulcer  Avhich  is  edged  by  a fringe  of  exfoliating 
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epidermis,  suiTouiided  by  an  inflammatory  areola,  and  peculiarly 
resistant  to  treatment.  It  occurs  usually  on  the  extensor  aspect  of 

the  upper  extremity,  somewhere  between  the  elbow  and  the  fingers,  but 
it  may  be  found  elsewhere,  for  example  on  the  legs  and  feet.  It  begins 
as  a small  blister  or  a group  of  vesicles,  which  break  down  and  give  rise 
to  a superficial  idcer,  the  floor  of  which  resendjles  that  of  a broken 
cantharides  blister;  the  edges  of  the  sore  are  not  much  raised,  but 
consist  of  an  irregular  fringe  of  broken  epidermis.  The  lesions  vary 
considerably  in  size  from  that  of  a threepenny  piece  to  a florin,  and  they 
are  frequently  multiple.  As  a rule,  suppuration  is  not  a marked  feature, 
but  it  may  occur  from  a secondary  pyogenetic  infection,  in  which  case  the 
sores  are  apt  to  be  associated  with  more  or  less  inflammation  of  the 
neighbouring  lymphatic  glands.  In  their  course  they  are  chronic  and 
singularly  intractal)le  ; though  they  may  have  the  appearance  of  healing, 
and  a scab  may  have  fonned  over  the  surface,  if  it  be  removed  sero- 
|)us  will  still  be  found  oozing  from  the  exposed  surface.  A\'hen  it  does 
heal,  however,  little  or  no  cicatrix  is  left,  and  even  the  hairs  may  grow 
again  on  the  affected  area ; but,  on  the  other  hand,  if  there  have  been 
much  secondary  infection  and  deep  ulceration,  a depressed  scar  is  certain 
to  supervene. 

This  affection  is  well  known  to  the  Boers,  and  has  been  variously 
named  “Gift  zeer”  (poison  sore)  in  the  Transvaal,  and  “Brand  zeer” 
(burn  sore)  in  the  Orange  Biver  Colony.  Accoialing  to  Mr.  Bishop 
Harman  several  of  the  Australians  present  in  that  campaign  recognised 
it  as  identical  with  a local  sore  which  is  prevalent  in  the  Barcoo  Biver 
district  in  North  Queensland,  and  known  there  as  “ Barcoo  Bot.”  It 
differs  from  the  local  sore  of  Natal,  the  so-called  “ Natal  sore,”  in  being 
a superficial  epidermal  lesion,  whereas  Natal  sore  is  a granulomatous  ulcer 
and  belongs  to  the  same  category  as  the  various  oriental  sores. 

Etiology. — There  seems  little  doubt  that  the  affection  has  a specific 
bacterial  origin.  Prof.  Ogston  obtained  from  the  lesions  a micrococcus 
arranged  in  pairs  like  a gonococcus,  which  he  thought  might  be  specific, 
but  he  had  not  tlie  opportunity  of  cultivating  it.  For  this  organism  ho 
suggested  the  name  of  Micrococcus  campaneus.  ]\Ir.  Harman  also  found 
a diplococcus,  which  he  was  able  to  grow  on  artificial  media,  and  by  in- 
oculating himself  Avith  the  pure  culture  he  succeeded  in  producing  on  his 
arm  a lesion  presenting  the  characteristics  of  veld  sore.  This  micro- 
organism he  believed  to  be  different  from  Staphylococcus  pyogaws 
aureus,  and  gave  it  the  name  of  Micrococcus  vesicans.  These  observa- 
tions are  of  great  interest,  and  leave  little  doubt  that  the  specific  microbe 
has  been  discovered ; but  Avhether  this  micro-organism  is  a ncAV  sjiecies 
and  merits  a new  name,  or  is  an  attenuated  fonn  of  a familiar  staphylo- 
coccus, has  yet  to  be  decided.  The  micro-organism  doubtless  gains 
entrance  through  some  previous  abrasion  of  the  skin,  such  as  may  be 
caused  by  injury  or  the  lutes  of  insects. 

Most  observers  are  at  one  in  regarding  a low  state  of  health  as  an 
important  predisposing  factor.  Messrs.  Harman  and  Pridmore  both 
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noted  that  during  the  war  it  was  more  common  in  the  cavalry  than  in 
the  infantry,  partly  because  the  cavalry,  being  further  away  from  their 
commissariat,  were  not  in  such  good  condition,  and  partly  because  they 
were  liable  to  slight  injuries  from  handling  their  trappings  and  wagons. 
Others  observed  that  it  was  more  prevalent  in  battalions  on  the  march, 
and  men  out  on  the  veld,  than  in  the  towns  or  camps,  and  that  it  rai  ely 
attacked  soldiers  till  they  had  been  out  for  a sufficient  time  to  become 
run  down  by  hardship,  fatigue,  and  short  rations.  The  season  of  the 
year  does  not  seem  to  have  any  obvious  influence  on  the  prevalence  of  the 
disease. 

Treatment.-  To  be  successful  the  treatment  of  veld  sore  must  be 
thorough.  It  is  necessary  in  the  first  place  to  clij)  away  all  the 
e.vfoliating  epidermis  at  the  margins  of  the  sore,  for  the  micro-organism 
can  be  found  penetrating  the  layers  of  the  epidermis  in  advance  of  the 
edge  of  the  blister  (Harman).  The  surface  of  the  lesion  shoidd  then  be 
thoroughly  irrigated  with  sublimate  solution  (1  in  1000)  or  a compi'css 
soaked  in  this  lotion  applied.  Boi’o-iodoform  ])owder  or  calomel  should 
«•  be  dusted  on,  and  an  antiseptic  dressing  applied  under  pieces  of  adhesive 
ii  strapping.  The  dressing  should  be  repeated  daily  till  tlie  sore  is  healed. 
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III.  Skin  Affections  of  Mycotic  Origin  or  Tropical  Dermatomycoses 

The  dermatomycoses  form  an  important  group  of  skin  affections  in 
' the  tropics,  and  result  from  the  presence  and  growth  in  the  epidermis  of 

1 some  variety  of  hyphomyces.  This  group  includes  favus,  the  various  types 

I of  ringworm,  pityifasis  versicolor,  erythrasma,  pinta,  ])iedra,  and  m}^cetoma. 

The  majority  of  these  diseases  prevail  in  temperate  climates,  but  a few  of 
I ' them,  such  as  pinta,  the  peculiar  form  of  ringworm  known  as  tinea  ind)i’i- 

' cata,  and  mycetoma,  are  confined  to  tropical  zones.  The  tropical  derniato- 

mycoses  are  distinguished  from  those  of  temperate  regions  by  the  characters 
that  they  spread  more  rapidly  and  are  associated  with  more  inflammation 
, and  irritation  ; as  the  hot  moist  weather  favours  the  growth  of  the  fungi. 
In  winter  their  activity  diminishes,  and  the  lesions  tend  to  become  quies- 
cent and  to  resemble  those  of  cold  countries,  or  even  wholly  to  disappear. 

Favus  has  a wide  distribution  over  the  globe,  but  it  is  specially 
prevalent  in  the  Eastern  countries  of  Eurojie,  Asia  Minor,  Egypt,  and  the 
southern  littoral  of  the  IMediterranean.  It  is  independent  of  race,  but 
there  seem  to  be  certain  climatic  conditions,  not  yet  fully  understood, 
which  favour  the  gi-owth  of  the  fungus  {A chorion  Schi'mleinii).  The 
chief  factor  in  its  diffusion  is  want  of  cleanliness ; another  factor  may  be 
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the  closei-  association  of  certain  peoples  with  animals  which  are  susceptible 
to  it  and  readily  transmit  it  to  man. 

Ringrworm  in  some  form  or  other  has  a universal  distribution. 
According  to  Hirsch  it  is  most  prevalent  in  India,  the  IMalayan  Archipelago, 
Cochin  China,  Japan,  China,  Abyssinia,  Egypt,  the  West  Coast  of  Africa, 
the  West  Indies,  and  Peru. 

Since  Sabouraud  established  the  plurality  of  the  fungi  of  ringworm 
much  careful  research  has  been  carried  ont  on  the  subject,  and  it  has  been 
proved  that  each  species  of  ringworm  has  its  own  sphere  of  influence  and 
that  an  investigation  on  the  subject  of  ringworm  holds  good  oidy  for 
the  particular  country  in  which  the  investigation  was  conducted.  The 
ringworms  of  the  different  European  countries  have  been  more  or  less 
carefully  worked  out,  but  those  of  the  tropics  form  a vast  and,  to  a large 
extent,  unexplored  field.  They  may  be  considered  under  the  headings  of 
Tinea  tonsurans,  T.  circinata,  T.  cruris,  and  T.  imbricata. 

(a)  Tinen  fonsnrans,  or  ringworm  of  the  scalp,  has  not  been  sufficiently 
studied  in  warm  countries,  though  Avarious  observers  have  reported  it  to 
1)6  common.  Courmont  has  observed  it  in  negroes  in  Senegal,  and  states 
that  certain  of  the  cases  are  caused  by  the  3Iicrosporon  Auclouini,  I)ut  that 
the  majority  are  due  to  large-spored  trichophytons  which  differ  from  those 
found  in  Europe.  Castellani  has  recently  isolated  a trichophyton  from 
three  Cingalese  children  suffei'ing  from  ringworm  of  the  scalp,  and  recog- 
nised it  as  the  Triclwplt ijfon  mei/alo.'iporon  endothrix.  A few  isolated  obser- 
vations svich  as  these  represent  the  present  state  of  our  knowledge  of 
the  subject. 

{h)  Tinea  circinata,  or  ringworm  of  the  glabrous  skin,  occurs  in  the 
tropics  in  several  forms.  It  may  present  slightly  raised  scaly  patches, 
with  Avell-defined  boi-ders,  Avhich  persist  as  solid  patches  during  the  coui'.se 
of  the  disease.  It  is  more  usual,  however,  for  the  patches  to  clear  up  in 
the  centre,  so  as  to  form  rings  Avhich  coalesce  and  produce  irregular  gyrate 
figures.  In  this  country  T.  circinata  may  be  caused  with  almost  equal 
frc([uency  by  the  3Iicrosporon  Audouinl  and  the  large-spored  trichophytons  ; 
but  in  the  tropics  only  trichophytons  have  been  isolated  in  cases  of  ring- 
Avorm  of  the  glabrous  skin,  and  these  appeared  to  differ  from  those  found 
in  European  countries.  Castellani  isolated  from  a case  of  T.  circinata  in 
a European  Avoman  in  Ceylon  a peculiar  trichophyton,  which  produced  a 
“ large  acuminated  non-poAA’dered  culture  ” on  maltose  agar.  Sabouraud 
and  -leanselme  have  found  in  a series  of  cases  of  T.  circinata  of  the  solid- 
patch  type,  from  the  Sudan,  a trichophyton  Avhich  formed  an  acuminate 
broAvnish  culture  (trichophyton  a cultures  noires). 

(c)  Tinea  cruris  or  dhohie  itch  is  an  intractable  form  of  ringAvorm  of 
the  glabrous  skin  which  attacks  moist  intertriginous  regions,  such  as  the 
crutch,  axillae,  and  the  parts  beneath  the  breasts  in  stout  women.  It  is 
knoAvn  in  European  countries  as  T.  cruris,  but  in  India,  AAffiere  it  is  particu- 
larly rife,  it  has  been  named  “dhobie  itch.” 

The  name  of  “ dhobie  itch  ” or  “ Avasherman’s  itch”  is  used  by  laymen 
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ill  the  tropics  to  denote  any  prurigiiious  aH'cetion  of  tlie  skin,  from  tlie 
mistaken  belief  that  the  infective  agent  was  usually  clothes  which  had 
been  handled  by  an  infected  dhobie.  Under  the  heading  of  “ dhobie 
itch  ’ Sir  P.  Manson  has  included  also  cases  of  erythrasma  and 
“ jiemphigus  contagiosus.”  It  is  better,  however,  to  restrict  the  name 
“ dhobie  itch  ” to  the  definite  or  I’egional  form  of  ringworm  which  we 
call  T.  cruris,  and  which  was  once  named  eczema  marginatum  (Hebra). 
This  atiection  is  prevalent  in  many  warm  countries,  and  specially  so  in 
India,  Burma,  and  China.  Tliere  are  certain  clinical  characteristics 
which  serve  to  distinguish  it  from  ordinary  T.  circinata.  It  begins  as 
roundish,  slightly  elevated  papules,  situated  about  the  crutch  or  axilla, 
which,  owing  to  the  moisture  of  the  parts,  instead  of  being  scaly,  not  un- 
frequently  present  a raw,  sodden  appearance.  The  lesions  increase  in  size, 
and  the  boixler  liecomes  defined  and  raised.  Contiguous  patches  coalesce 
to  form  irregular  patches  encloseil  by  a broad  festooned  border,  which  may 
be  covered  by  thick  scales  or  may  present  a numlier  of  oozing  papules 
on  its  surface.  Occasionally  the  patches  may  clear  up  in  the  centre  to 
form  circulate  lesions.  The  affection  may  be  limited  to  the  inner  surface 
of  the  thigh,  or  it  may  attack  the  genitalia,  and  spreading  up  both  in 
front  and  behind  may  invade  the  whole  of  the  bathing-drawers  area.  It 
occurs  less  frequently  in  the  axilla  and  beneath  the  breasts. 

In  the  warmth  and  moisture  of  these  regions  the  fungus  grows 
rapidly,  and  sets  up  considerable  irritation  and  inflammation,  further 
aggravated  b\'  the  friction  of  these  parts.  So  sore  may  the  lesions 
become  that  the  patient  may'  be  compelled  to  remain  in  bed.  The 
temptation  to  rub  and  scratch  is  irresistible,  and  the  secondary  inoculation 
with  pyococci,  followed  by  an  impetigo  or  an  abscess,  is  prone  to  occur. 
The  irritation  is  naturally  worse  in  the  hot  season,  and  when  the  patient 
is  warm  in  bed. 

It  is  probable  that  more  than  one  variety  of  fungus  of  the  tricho- 
phy'ton  ty'pe  may  cause  dhobie  itch  ; moreover,  certain  of  the  cases  may 
be  of  animal  origin.  From  two  cases  in  Ceydon  Castellani  isolated  a 
trichophyton  which  grew  on  maltose  agar  in  the  form  of  greyish  crateri- 
form  cultures.  In  some  cases  a variety  of  hyjihomyccs  has  been  found 
which  would  not  grow  on  artificial  media.  Cases  of  this  nature  have  been 
described  liy  Sabouraud  from  Japan,  Tonkin,  and  Indo-China,  and  l)y' 
Castellani  in  Ceylon. 

(J)  Tinea  imhricata  is  the  name  given  by^  Sir  B.  Manson  to  a peculiar 
type  of  tropical  ringworm  which  is  endemic,  chiefly  in  the  Malay 
Peninsula  and  the  South  Sea  Islands,  and  attacks  large  numbers  of  the 
population.  Various  synonyms  have  been  applied  to  it,  of  which  the  best 
known  are  Tokelau  ringworm  (from  the  Union  or  Tokelau  Islands  where 
it  is  rife).  Pita,  and  Cascadoe.  From,  the  South  Sea  Islands  it  has 
gradually  spread  to  the  East  Indies,  China,  and  the  Straits  Settlements. 
It  has  recently  been  observed  in  Brazil  (Paranhos).  It  is  mainly  confined 
tf)  the  Papuans  and  Malay's,  though  it  may  attack  other  natives. 

The  clinical  peculiarity  of  this  type  of  ringworm  is  the  imbricated 
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formation  of  its  scales,  which  are  arranged  in  concentric  circles  with  the 
base  of  the  scale  towards  the  periphery,  or  in  wavy  parallel  lines  suggest- 
ing watered  silk.  Soon  after  the  infection  takes  place  a slightl}'  raised 
brownish  patch  becomes  visible.  This  tends  to  clear  up  in  the  centre  by 
the  loosening  and  breaking  of  the  epidermis,  but  spreads  perijdierally. 
New  central  lesions  continue  to  fonu  till  a concentric  system  results,  made 
up  of  rings  of  scales  which  oveidap  in  an  imbricated  fashion.  By  coalesc- 
ing with  other  systems  elaborate  figui'es  are  produced  and  lai'ge  areas 
of  skill  are  invaded.  Occasionally  the  nails  are  attacked,  and  become  in 
consequence  brittle,  discoloured,  opaque,  and  striated.  According  to 
Jeanselme  the  hairs  are  not  involved  though  the  scalp  may  be  aflected, 
but  Sir  P.  Manson  has  observed  cases  in  which  the  hair  also  was  implicated. 
A peculiarity  of  this  affection  is  that  when  the  scales  become  detached  a 
leucodermic  area  is  left,  which  gives  the  patient  a somewhat  piebald 
appeai’ance.  The  disease  is  associated  with  severe  pruritus  which  leads 
to  scratching  and  sequels,  such  as  impetigo,  eczema,  and  adenitis,  lake 
other  forms  of  tropical  ringwoi-m,  it  is  at  its  worst  in  the  hot  season  and 
is  apt  to  become  quiescent  in  winter. 

Tinea  imbricata  is  a highly  contagious  affection  and  has  been  success- 
fully inoculated  from  man  to  man.  It  is  due  to  a fungus  situated  in  the 
epidermis  and  the  scales  in  far  greater  abundance  than  the  fungus  of 
T.  circinata,  and  it  is  to  Sir  P.  l\ianson  that  wc  are  indebted  for  the  fir.st 
description  of  it.  It  belongs  to  the  group  of  the  hyphomyces,  presenting 
mycelial  filaments,  which  branch  dichotomously,  and  round,  oval,  or 
quadrilateral  spores  ari-anged  in  rows  or  in  irregular  clusters,  but  the 
botanical  species  in  which  it  should  be  included  is  still  undecided, 
'rribondeau,  who  studied  the  subject  in  the  natives  of  Polynesia,  noted 
mycelial  filaments  terminating  in  club-shaped,  sporulating  fructifications 
of  the  typo  found  in  aspergillus.  Jeanselme,  although  be  found  similar 
fructifications,  Avas  unable  to  verify  the  continuity  between  them  and  the 
mycelium  descrilied  by  Sir  P.  Manson  ; he  believed  that  the  fungus, 
though  differing  in  certain  details  from  the  trichophytons  of  ringworm  of 
animal  origin,  Avas  closely  allied  to  them.  This  obsen'ation  is  all  the 
more  reasonable  in  the  light  of  our  knoAvledge  that  aspergillus  frequently 
grows  in  association  Avith  the  ordinary  ringworm  fungi,  and  that  it  is  very 
common  to  get  a symbiosis  of  these  fungi  in  cultures.  The  cidtivation 
e.\:periments  haA^e  not,  so  far,  been  uniformlj^  successful,  and  until  they  are 
the  exact  species  of  hyphomycetes  Avhich  causes  this  form  of  ringworm 
must  remain  undetermined. 

The  treatment  of  riagivorrn  in  the  trojner  does  not  differ  essentially  from 
that  of  ringAvorm  in  temperate  latitudes,  except  that,  as  a rule,  it  must 
be  more  energetic  than  in  cold  climates.  For  a descri])tion  of  the  treat- 
ment of  ringworm  in  general  the  reader  is  refeired  to  A^ol.  VIII.,  189i),  j). 
853,  as  the  treatment  of  the  special  tropical  forms  only  Avill  be  considei-ed 
here. 

Tinea  cruris  or  dhohie  itch  is  a most  intractable  affection,  and  necessi- 
tates extremely  active  measures.  The  affected  regions  should  first  be 
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scTubl)C(l  Avith  hot  Wiitor  and  soft  soap  on  a piece  of  Haniiel,  to  remove 
the  crusts,  scales,  ami  discharge.  After  tliat  a strong  antiparasitic  lotion 
or  ointment  should  be  thoroughly  rul)bed  iii  once  or  twice  daily.  Foi- 
this  purpose  iu  mild  cases  ointments  containing  sulphur  10  per  cent, 
salicylic  acid  h per  cent,  or  pyrogallic  acid  5 per  cent  may  be  emplot'ed  ; 
or  the  nascent  sulphur  treatment  may  l)e  resorted  to,  which  con.sists  in 
the  application  of  a G per  cent  .solution  of  hyposulphite  of  soda  on  lint 
covered  with  oiled  silk  for  alumt  ten  minutes,  followed  b^’  painting  with 
3 per  cent  solution  of  tartarie  acid.  In  severe  cases  the  time-honoured 
A elminck’s  solution  of  sulphuretof  calcium  may  be  em[)loyed  (1  oz.  quick- 
lime, '1  oz.  precipitated  sulphur,  l.o  oz.  water,  boiled  together  in  an  earthen- 
ware vessel,  then  reduced  to  10  oz.,  and  the  clear  sherry-coloured  Huid 
decanted  after  subsidence),  and  shouUl  be  painte<l  on  every  night  for  a 
week  ; this  will  generally  1)6  followed  by  recoverv.  In  certain  cases  CA^en 
these  remedies  prove  ineffectual,  and  stronger  measures  must  be  adopted. 
It  is  in  such  cases  that  chrysarobiu  has  been  found  to  be  of  great  value. 
It  is  best  applied  in  the  form  of  a 2 to  6 per  cent  ointment  rubbed  in 
twice  daily  till  the  skin  around  the  affected  patch  reacts  and  becomes  red 
:ind  inflamed ; the  nibl)ing  is  then  stopped,  as  the  l eaction  generally 
indicates  that  a cure  has  been  effected.  It  is  neces.sary  in  employing 
chrysarobiu  to  warn  the  patients  that  the  drug  stains  the  clothing,  and 
that,  as  it  is  a powerful  irritant,  it  must  not  be  allowed  to  reach  sensitive 
jiarts  like  the  eyes.  For  at  least  a month  after  active  treatment  has 
apparently  cured  the  lesions,  the  part  should  be  })ainted  over  every  second 
day  Avith  a 10  per  cent  solution  of  tincture  of  iodine  in  60  per  cent 
spirit  to  prevent  any  recrudescence  of  infection.  As  a prophylactic  mea.sure 
Sir  P.  Manson  recommends  that  short  cotton  bathing-draAvers  should  be 
worn,  and  clianged  daily  ; and  that  the  skin  of  the  crutch  should  be  fre- 
<[uently  powdered  Avith  a dusting  powder  containing  equal  parts  of  boric- 
acid,  zinc  oxide,  and  st.-irch. 

Tinea  imbrirafa  requires  similar  treatment  to  T.  cruiis.  It  is  unsafe, 
hoAvever,  to  place  such  an  irritating  remedy  as  chrysarobiu  iii  the  hands 
of  ordinary  natives,  and  as  a substitute  Sir  P.  Mamson  recommends  a 
linimentum  iodi  of  double  the  strength  of  that  of  the  British  Pharmacopeia. 
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Epythrasma  is  a mycotic  affection  of  the  skin  Avhich  is  Avidely  dis- 
tributed in  the  tropics  as  Avell  as  in  temperate  climates.  It  has  frequently. 
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however,  been  confused  with  other  dernuitoniy coses,  ciiid  as  Sir  1 . Mansoii 
has  pointed  out,  certain  of  the  cases  which  have  been  described  under  tlie 
heading  of  dhobie  itcli  were  cases  of  erythrasma  due  to  the  Mkroqioron 
miniitisdmiim.  The  clinical  features  and  treatment  of  the  disease  in  warm 
countries  require  no  si)ecial  description  {ride  Vol.  VIII.,  1899,  p.  SG5). 

Pityriasis  versicolor  is  also  a common  dermatomycosis  in  the  tropics. 
When  it  attacks  the  native  it  usually  produces  yellowish  ground-glass-like 
patches,  which  have  been  aptly  compared  to  thin  coats  of  yellow  paint. 
The  specific  fungus  {Microsporon  furfur)  has  been  readily  isolated  from 
the  le.sions,  but  cultivation  experiments  have  not  been  more  successful  in 
the  tropics  than  in  Europe.  In  the  natives  of  Ce}don,  Castellani  has 
described  three  varieties  of  P.  versicolor ; namely,  two  yellow  types,  to 
which  he  has  given  the  name  of  P.  versicolor  flava,  and  a black  type, 
which  he  has  christened  P.  versicolor  nigra.  The  first  variety  of  P.  versi- 
color fiava  usually  attacks  the  face,  neck,  and  the  upper  part  of  the  trunk, 
and  the  afiected  patches  are  yellowish  in  tinge,  and  smooth  ; the  second 
variety  generally  attacks  the  arms  and  legs,  and  the  patches  are  whitish- 
yellow,  and  covered  with  fine  scales.  In  pityriasis  nigra  the  affected 
areas  are  black,  slightly  elevated,  and  scaly.  Each  of  these  types  is 
believed  to  be  caused  by  a variant  of  the  Microsporon  furfur,  which  can 
be  distinguished  microscopically. 

The  treatment  of  P.  versicolor  in  the  tropics  is  similar  to  that  em- 
ployed in  Europe  {vide  Vol.  VIII.,  1899,  p.  864). 

The  consideration  of  erythrasma  and  P.  versicolor  of  the  tropics, 
especially  in  the  light  of  Castellani’s  recent  observations,  naturally  leads 
us  to  the  consideration  of  the  group  of  epiphytic  disease  of  the  tropics, 
characterised  by  the  presence  of  variously  coloured  patches,  and  generally 
described  under  the  heading  of  “ Pinta.” 
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Pinta. — Syn.  Mai  del  Pinto,  Spotted  SieJeness,  Pcint,  Carat/,  Cute,  Cutiri, 
P annus  Curateus  (Alibert). 

Definition. — Under  the  heading  of  Pinta,  Carate,  and  various  other 
names,  a peculiar  form  of  epiphytic  skin  disease  of  the  tropics  has  been 
de.scribed,  which  is  charactei’isecl  b}^  the  appearance  of  spots  and  jiatches 
of  different  colours  on  the  skin,  and  sometimes  on  the  mucous  membranes. 

Geographical  Distrihution. — Pinta  is  endemic,  chiefly  in  the  tropical 
countries  of  the  AVestern  Hemisphere,  such  as  Mexico,  Central  America, 
Venezuela,  Chile,  and  Peru.  Carats  is  particularly  rife  in  Columbia, 
affecting  in  some  parts  one  out  of  ten  of  the  population  ; and  cativi  occurs 
in  Guatemala  and  Honduras.  In  Africa  a similar  affection  has  been 
de.scribed  in  Tripoli  (Legrain),  in  Egypt  (Sandwith),  and  on  the  Gold 
Coast  (Browne).  AA’^hether  these  variously  designated  affections  are 


I 


TKOriCAL  DISEASES  OF  THE  SKIN 


751 


iilentical  is  at  present  uncertain,  l)ut  they  are  at  least  so  closely  allied 
as  to  suggest  that  they  are  caused  by  variants  of  the  same  si)ecies  of 
. fungus. 

Eiiologti. — One  of  the  most  important  disposing  causes  of  this  peculiar 
dermatomycosis  is  a hot,  moist  climate.  In  the  countiies  where  it  is 
. endemic  it  is  found  mainly  in  low-lying  marshy  lands  about  the  baidis  of 
rivers.  It  prevails  chielly  in  the  hot  rainy  season.  Want  of  cleanliness, 
lack  of  clothing,  bad  hygienic  conditions,  and  insufficient  food  are  all 
disposing  factors.  It  attacks  the  poor  rather  than  the  rich  and  well-fed. 
It  rarely  affects  the  Avhite  population,  but,  in  a distiict  in  which  it  is 
endemic,  is  rife  among  the  negroes,  Indians,  and  half-castes.  In  Bi'itish 
I Honduras,  for  example,  the  Europeans  escape  almost  entirely,  while  al)out 
' 00  i>er  cent  of  the  Caribs  are  attacked  (Cran).  Age  and  sex  have  no 

' bearing  on  the  etiology.  The  disease  is  transmitted  from  man  to  man, 

I and  it  is  believed  in  Alexico  that  mosquitoes  may  convey  it. 

The  cause  of  the  affection  is  some  form  of  chromoitenetic  funsrus  in 
i the  epidermis ; the  dilferences  in  colour  are  due  to  differences  in  the  j)ig- 

II  ment  formed  by  the  fungus.  Another  factor  in  the  colour  of  the  lesions 

rt  is  the  precise  situation  of  the  fungus  iu  the  epidermis ; for  when  the 

•t  lesions  are  black  or  blue  the  fungus  is  found  to  be  situated  superficially, 

j when  they  are  red  or  grey  to  be  deeper  in  the  epidermis.  But  whether 

i|  different  species  of  fungi  are  responsible  for  the  various  forms  of  this 

affection,  or  whether  under  certain  conditions  the  same  fungus  may  pro- 
I duce  diffei'ent  pigments,  are  at  present  unsolved  problems;  so  that  in 
f the  present  state  of  our  knowledge  it  is  well  to  keep  an  ojDen  mind  on 

I the  subject. 

In  1881  Gastambide  descrilied  a hyphomyces  in  the  scales  of  ^^inta, 
« which  presented  an  agglomeration  of  o^oid  or  roundish  spores  G-8  /x 
»|  in  breadth  and  10-1  if  /x  in  length  lying  between  the  epidermal  cells. 

3 Each  spore  possessed  a ti’ansparent  mendnainc  containing  a large  numlier 

l)  of  darkish  granules  suspended  in  a yellow  fluid.  Small  fragments  of 

II  mycelial  threads  were  also  observed,  which  shewed  no  tendency  to  branch 

If  dichotomously.  Montoya,  in  1898,  in  a thesis  on  carate  in  Columbia, 

i isolated  from  the  scales  a number  of  fungi  which  belonged  to  the  Asper- 

I gillus  species.  These  presented  long  .slender  mycelial  filaments  which 

I divided  dichotomously,  and  gave  off  here  and  there  short  branches 

' terminating  in  large  fructifications  like  those  of  Aspergillus.  When 

grown  on  artificial  media,  coloured  cultures  Averc  produced  correspond- 
ing to  the  colour  of  the  scale  from  which  the  fungus  was  isolated.  He 
, also  observed  fungi  of  the  species  of  Monilia  and  Benicillium,  but  failed 
to  detect  a hyphomyces  like  that  described  by  Gastambide. 

Dai’ier  has  recently  published  a case  of  carate,  or  an  allied  dermato- 
‘ mycosis  of  South  American  origin,  in  a Avhite  man,  which  began  as  red 
I scaly  patches,  and  gradually  invaded  the  whole  of  the  skin,  excejff  the 
scalp,  temples,  and  ears.  From  the  scales  he  isolated  a hyphomyces, 
Avhich  Bodin  succeeded  in  cultivating,  and  believed  to  be  a trichoi)hyton. 
Si/niptoms. — The  eruption  generally  appears  first  on  the  uncovered 
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parts  of  the  body,  and  may  attack  the  face,  neck,  forearms,  wrists,  legs, 
and  ankles.  It  is  preceded  by  more  or  less  itching.  But  no  definite 
constitutional  symptoms  are  associated  with  its  presence.  It  begins 
as  one  or  more  small  discoloured,  scaly  spots,  which  enlarge  and  coalesce 
to  form  irregular  patches.  New  lesions  follow  by  auto-contagion,  ami 
gradually  increase  in  size  till  the  whole  of  the  glabrous  skin,  with  the 
exception  of  that  of  the  palms  and  soles,  may  be  involved  in  a patchy 
fashion,  which  gives  to  the  patient  a grotesque  piebald  appearance.  The 
colour  of  the  patches  varies ; it  may  be  blue,  violet,  black,  i-ed,  grey, 
yellow,  and  white,  the  red  variety  occurring  only  in  white  skins.  The 
tint  of  an  individual  patch  remains  constant  till  it  begins  to  recede,  but 
in  certain  cases  patches  of  different  colours  are  present  in  the  same 
individual.  The  affected  skin  becomes  dry  and  coarse,  and  emits  an 
offensive  odour,  which  has  been  compared  to  that  of  a mangy  dog  or 
of  dirty  linen  ; this  odour  is  not,  however,  specific,  but  is  the  result 
of  perspiration  and  lack  of  cleanliness.  More  or  less  itching  is  associated 
with  it,  which  is  specially  vexatious  at  night,  and  apt  to  lead  to  excoria- 
tions from  sci’atching,  and  secondary  lesions  produced  by  pyogcnetic 
inoculation. 

Two  stages  in  the  course  of  the  affection  are  described  by  Jeanselme, 
namely,  an  active  stage  of  pigment-formation  (“stage  of  hyperchromia”) 
and  a late  atrophic  stage  characterised  by  the  disappearance  of  pigment 
(“stage  of  achromia”  or  pseudo-vitiligo).  If  the  patient  be  insufficiently 
treated,  the  stage  of  hyperchromia  may  persist  for  many  years.  When 
the  stage  of  achromia  begins,  the  pigmented  patches  desquamate  and  dis- 
appear, leaving  white  patches  in  their  place ; this  process  begins  at  the 
centre  of  the  patch  and  spreails  towards  the  periphery.  The  loss  of 
pigmentation  is  caused  by  the  action  of  the  parasite  on  the  melanin  of  the 
skin,  and  is  noticed  first  over  bony  prominences  subject  to  rubbing,  such 
as  the  elbows.  Though  the  palms  and  soles  are  not  seats  of  the  pigmented 
patches  they  are  occasionally  subject  to  much  thickening  of  the  horny 
layer,  and  the  consequent  formation  of  deep  cracks,  which  readily  bleed. 
Neither  the  nails  nor  the  hairs  are  attacked  ; but  if  the  scalp  be  affected 
the  hairs  tend  to  become  atrophic,  lustreless,  and  maj’  fall  out.  Accord- 
ing to  Barbe,  in  long-standing  cases  the  mucous  membranes  of  the  mouth, 
prepuce,  and  vagina  may  be  coloured.  The  eruption,  though  not  associ- 
ated with  any  serious  constitutional  symptoms,  may  yet  be  a source  of 
annoyance  to  the  patient  on  account  of  the  itching  which  is  generally 
present,  and  is  best  marked  when  the  scaliness  is  excessive.  The  affection 
is  progressive  in  its  course  unless  it  is  thoroughly  treated,  the  black  variety 
spreading  more  rapidly  than  the  red  or  the  white. 

Diagnosis. — The  skin  affections  with  which  pinta  is  most  liable  to  be 
confounded  are  vitiligo  and  chloasma.  Extensive  cases  of  vitiligo, 
indeed,  have  from  time  to  time  been  described  under  the  heading  of 
pinta  or  caratd.  Vitiligo,  however,  differs  from  pinta  in  being  more 
symmetrically  distributed,  in  being  neither  scaly  nor  itchy,  and  in  the 
fact  that  no  fungus  can  be  isolated  from  it.  Chloasma  is  disposed  also 
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to  1)0  (listrihiitcd  symmetrically,  and  is  not  scaly.  Occasionally  cases  of 
1 pinta  have  boon  mistaken  for  lepi'osy,  but  a]>art  from  other  ditterences 
I the  j)atches  in  pinta  are  not  amesthetic  like  those  of  the  more  serious 
» ' disease. 

Ireatmenf. — The  treatment  of  this  aftection  is  the  same  as  that  for 
‘ pityriasis  versicolor,  and  consists  of  scrubbing  with  solt  soap  and  the 
j'  application  of  antiparasitic  ointments  containing  sulphur  or  chrysarobin, 
or  lotions  of  hyposulphite  of  soda.,  or  of  tincture  of  iodine.  In  pinta,  as 
in  all  the  dcrmatomycoses,  the  clothing  worai  while  the  disease  was  acti^•e 
,1  must  be  destroyed  or  disinfected. 
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Piedra. — Syn.  : Trichomycosis  nodosa  (Juhel-l-tenoi').  Piedra  is  the 
name  given  to  ;i  rare  disease  of  the  hair  of  the  head  which  occurs  in 
native  women  in  the  valleys  of  Caiica,  in  Columbia,  and  is  characteri.sed 
by  the  pivsence  on  the  hair-shaft  of  from  one  to  ten  dark  nodides  aliout 
the  size  of  nits.  These  nodules  are  as  haid  as  stone,  hence  the  name 
“piedi'a”  (stniic),  and  are  seated  on  the  side  of  the  hair  or  foim  a 
concretion  around  it.  'When  the  tiffected  hairs  are  combed  these  nodules 
cause  a ])eculiar  crepitant  or  crackling  noise.  The  nodules  arc  entiiely 
outside  the  hair  cuticle  and  cause  no  destruction  of  the  hair  itself,  or 
splitting  of  the  cortex  into  fibres  such  as  occuis  in  trichonhexis  nodosa, 
a disease  with  which  piedra  was  at  one  time  confused.  'J'hoiigh  usually 
affecting  the  hair  of  the  scalp  in  native  women,  it  has  been  observed  also 
on  the  eyelashes  and  on  the  beard  and  hair  of  the  head  in  men. 

A microscopic  examination  of  the  nodules  shews  that  they  consist  of 
masses  of  spores  and  hyphffi  of  a pecnliar  hyphornycetic  fungu.s,  which 
.Tuliel-R6noy  and  Lion  succeeded  in  cultivating  on  ai-titicial  media.  The 
origin  of  this  fungus  is  unknown,  but  it  has  been  suggested  that  it  may 
be  connected  with  the  mucilaginous  fluid,  'resembling  liaseed  oil,  with 
which  the  native  women  in  Columbia  dress  their  bail’.  Under  the 
heading  of  piedra  nostras,  Behrend  and  Unna  have  each  reported  ca.ses 
of  a similar  affection  in  Germany,  in  which  the  hairs  of  the  moustache 
Avere  affected  ; and  Trachsler,  who  made  a series  of  cultivations  of  the 
fungus  from  both  cases,  shewed  that  although  the  two  cases  were  indi.s- 
tinguishable  clinically,  they  were  tha  result  of  two  different  though 
closely-allied  hyphomycetes.  Mr.  Malcolm  Morris  and  Dr.  Cheadle  have 
also  recorded  a case  of  a ]ieculiar  nodular  growth  on  the  haii  s of  the  beard 
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of  a young  man,  to  which  they  gave  the  name  of  tinea  nodosa;  and  Dr. 
Kadclitte  Crocker  has  descriljed  a similar  case  afFecling  tlie  hairs  of  the 
moustache.  In  these  cases  the  concretions  were  composed  of  spores  and 
mycelial  threads  cemented  together. 

'I'he  relation  of  Columbian  piedra  with  these  European  cases  is 
uncertain,  and  the  varieties  of  hyphomycetes  which  are  capable  of  causing 
the  concretions  on  the  hair  have  still  to  be  worked  out. 

Treatment  of  piedra  is  similar  to  that  employed  for  the  softening  and 
removal  of  nits  {vide  vol.  viii.  1899,  p.  8GG).  The  scalp  hairs  should  be 
soaked  in  a mixture  of  equal  parts  of  crude  paraffin  and  olive  oil  for 
about  twelve  hours.  This  can  be  done  by  saturating  the  hair  with  the 
mixture,  covering  the  head  with  a nightcap  for  an  hour,  and  then 
thoroughly  washing  with  soap  and  hot  water.  This  i)rocess  should 
be  repeated  till  the  nodules  have  disappeared.  Sponging  the  hair  with 
hot  corrosive  sublimate  lotion  (1  in  1000)  has  also  been  recommended. 
In  the  case  of  piedi'a  nostras,  in  which  the  beard  or  moustache  is 
affected,  frequent  shaving  or  clipping  should  be  employ'ed,  and  a mild 
parasiticide,  such  as  precipitated  sulphur  grs.  xv.,  salicylic  acid  grs.  x.,  and 
vaseline  .yi.,  thoroughly  rubbed  in. 
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Madupa  Foot. — Syn. ; fungus-foot  of  India,  Morbus  tuberculosis 

pedis ; and  various  native  names,  such  as  Slipada  in  Bengal,  and  Ilatlplo- 
Pnu;f  in  Deccan,  designations  which  signify  “ large-foot  ” or  “ elephant- 
foot,”  Kirina-grah  or  “ dwelling  of  worms”  in  Bajputana,  and  GutUimadlie, 
“ egg-foot,”  in  Bellary  (Scheube). 

Definition. — Madura  foot  is  a disease  of  warm  climates,  princi|)ally 
endemic  in  India,  usually  affects  the  foot,  and  is  characterised  by 
swelling  and  deformity,  witl^  the  degeneration  of  the  affected  tissues  and 
the  formation  of  cysts,  with  fistulous  openings  on  the  surface,  containing 
an  oily  putrid  fluid  in  Avhich  mycotic  aggregations  are  suspended. 

Ilistorg. — The  earliest  references  to  this  disease  are  to  be  found  in 
the  writings  of  Kampfer  in  1712,  but  at  that  time  it  was  confused  with 
elephantiasis,  and  it  was  not  till  more  than  a century  later  that  it  was 
recognised  as  a specific  disease  by  Godfrey  in  184:1,  under  the  heading  of 
“Tubercular  disease  of  the  Foot ”•  (Man son).  It  is  to  Vandyke  Carter, 
however,  that  we  are  indebted  for  the  first  detailed  description  of  the 
clinical  and  anatomical  features  of  the  disease,  and  for  the  recognition  of 
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i'thc  gnuiiiles  as  masses  of  fungus  in  the  discharges.  His  extensive 
‘ observations  on  the  disease  were  published  in  a series  of  papers  between 
I860  and  1874.  So  thorough  were  the  observations  embodied  in  these 
I papers  that,  except  with  regard  to  the  parasitology  and  the  geogra{)hical 
1 distribution  of  the  disease,  comparatively  little  advance  has  been  made 
j 1 in  the  subject  since,  and  subsequent  observers  have  only  corroborated 
t,  I or  elaborated  C'arter’s  views  upon  it. 

i Geographical  JJidribution. — Madura  foot  is  chiefly  found  in  India, 
<1  though  it  is  not,  as  was  originally  believed,  wholly  confined  to  that 
peninsula.  It  is  most  prevalent  in  the  western  half  of  India,  and  when  it 
■ occurs  in  the  east  it  is  believed  to  have  been  imported  there.  Its  distri- 
bution is  curiously  limited  to  districts,  the  country  between  enjoying 
immunity  fi'om  it.  In  the  Madras  Presidency,  according  to  Ilirsch,  it 
is  rife  in  Madura — whence  it  takes  its  name, — Guntur,  Eellary,  Cochin, 
Tanjore,  Trichinopoli,  Pondicherry,  and  various  other  places.  In  the 
Bombay  Presidency  it  is  found  on  the  slopes  of  the  Western  Ghats, 
Poona,  Karachi,  Cutch,  and  Sind.  In  the  Bengal  Presidency  it  prevails 
in  certixin  districts  in  Rajputana,  Kashmir,  ami  the  Punjab;  and  in  the 
North-West  Provinces  it  is  found  in  Sirsa  and  Ilissar.  It  has  been 
observed  also  in  Colombo  in  Ceylon.  In  Africa  cases  have  been 
reported  from  Egypt  (Madden),  the  Sudan,  Madagascar,  Somaliland, 
Senegambia  (Le  Dantec),  Morocco,  and  Algeria  (G6my  and  Vincent), 
and  Jibuti  on  the  Gulf  of  Aden  (BoufFaid).  It  has  been  observed 
in  Canada  (Adami  and  Kirkpatrick),  in  the  United  States,  and  in  South 
America  in  Nicaragua  and  Chile.  It  has  been  found  in  the  West  Indies 
in  Cuba.  In  Italy  a case  wasu-ecorded  at  Padua  by  Bassini. 

The  large  uund)er  of  cases  which  have  been  recently  reported  from 
different  pai’ts  of  the  globe  indicate  that  the  disease  has  a distribution  in 
I tropical  countries  which  is  probably  far  wider  than  is  known  at  the 
‘ present  time. 

Etiology. — Madura  foot  is  essentially  a disease  of  agricultural  distilcts, 
and  attacks  the  bare-footed  native  labourers  in  the  fields  and  plantations. 
It  d.  es  not  attack  the  European  in  India  because  of  the  better  hygienic 
conditions  in  wliich  he  lives,  and  the  protection  afforded  by  the  Avearing 
of  boots.  It  is  more  prevalent  in  men  than  in  women,  and  chielly  about 
middle  age.  It  attacks  many  of  the  native  races,  and  the  diverse  lati- 
tudes in  which  it  occurs  prove  that  climate  plays  little  ])art  in  its  etiology. 
It  is  caused  by  the  presence  in  the  skin  and  iindeilying  tissues  of  a 
streptothrix  closely  allied  to  but  differing  from  the  ray-fungus  of  actino- 
mycosis. The  name  Streptothrix  machine  has  been  given  to  it  by 
Vincent.  This  fungus  forms  the  fish-roe  like  granules  of  the  white 
variety,  which  is  the  common  form  of  the  disease.  With  regard  to  the 
fungus  of  the  black  Avariety  there  is  considerable  variance  of  opinion, 
certain  observers  believing  it  to  belong  to  a different  s])ccies,  Avhile  others 
(Kanthack)  regard  it  as  a degenerative  condition  of  the  fungus  of  the 
white  variety.!  The  latter  opinion  is  most  generally  accepted,  and  is 
’ For  !i  detailed  description  of  the  Streptnthri.x  infections,  see  Vol.  Tl.  I’art  1 p.  302. 
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bcjiTie  out  by  the  occuiTeiice  of  tlie  1)laclv  and  yellow  granules  in  the 
same  case  and  also  in  different  cases  in  the  same  district  (Boccaro). 

The  precise  habitat  of  the  Strejjtothrix  ■madune  is  at  [)resent  unknown. 
Though  most  probabl}'  it  has  a saprophytic  existence,  it  has  not  yet 
been  detected  in  the  soil  oi'  in  decaying  vegetable  matter.  Its  wide 
distribution,  however,  proves  that  it  ma}'  be  jDre.sent  in  soils  whose 
characters  and  flora  are  widely  different. 

Some  abrasion  of  the  skin  is  doubtless  necessary  to  allow  the  fungus 
to  penetrate  the  skin,  such  as  may  be  caused  by  wounds,  the  bites  and 
stings  of  insects,  and  pricks  from  the  spines  of  plants.  It  has  been 
suggested  by  Boccaro  that  in  Sind  the  spines  of  a certain  foimi  of  Acacia 
are  responsible. 

Morbid  Amtoniy. — On  section  the  whole  foot  is  found  to  have  become 
softened  and  the  tissues  fused  into  a more  or  less  homogeneous  mass.  It 
is  easily  cut  through,  and  is  then  seen  to  contain  a network  of  canals 
and  cysts,  varying  in  size  from  a pin’s  head  to  a ])igeon’s  egg.  These 
canals  Jind  cysts  are  connected,  and  open  on  the  surface  in  funnel-shaped 
fistulous  orilices.  They  are  lined  with  fibrous  tissue,  and  contain,  in  the 
white  variety  of  the  disease,  cheesy  masses  of  yellow  or  greyish  granules 
like  fish-roe ; in  the  black  variety  dark  l)rown  friable  masses  like  truffles 
(Manson) ; and  in  the  red  variety  either  pinkish  aggregations  or  an  oily 
fluid  without  granules  (Lewds  and  Cunningham).  These  cysts  are  .situated  • 
chiefly  about  the  subcutaneous  tissue,  but  are  also  found  in  the  position 
of  the  muscles  and  of  the  bones,  which  have  either  disappeared  or  have 
become  softened  and  bc.set  with  cavities. 

Microscopic  sections  of  the  nodules,  before  they  have  softened,  present 
an  architecture  recalling  that  of  the  foci  of  tuberculosis.  They  are  the 
result  of  the  reaction  of  the  tissue  to  the  presence  of  the  streptothrix. 

In  the  centre  of  the  nodnlc  there  is  a mass  of  ray-fungus,  which  is  oval 
or  roundish  in  shape,  or  takes  the  form  of  a crescentic  rosette.  Surrouml- 
ing  the  fungus  there  is  a dense  infiltration  of  .small  cells,  consisting  chiefly 
of  leucocytes  and  small  fibroblasts  ; more  externally  there  is  a layer  of 
larger  cells,  made  up  of  plasma-cells,  connective-tissue  cells,  and  a few 
giant-cells,  with  here  and  there  some  deposition  of  pigment ; enclo.dng 
the  whole  is  a layer  or  capsule  of  dense  fibrous  tissue.  Around  and 
between  the  nodules  there  is  obvious  infiammatory  oedema  of  the  tissue, 
with  thickening  of  the  walls  of  the  blood-vessels  ar.d  thrombosis. 
These  nodules  in  the  process  of  .softening  undergo  various  degenerative 
changes,  which  explain  certain  discrepancies  in  the  dcsci'iption  of  the 
histology  of  the  disease  by  the  A’ai  ious  writers  on  the  subject  (Kanthack, 
Bo3’cc,  Unna,  Delbanco). 

In  tissiie  from  a case  of  madura  foot  I found  that,  when  the 
nodule  had  softened,  the  granulomatous  structure  Av.as  replaced  hv  a 
dense  deposit  of  polymorphonuclear  leucocytes  and  debris,  in  the  midst 
of  which  Avere  ii-regular  aggregations  of  the  fungus,  and  that  plasma-cells, 
connective-tissue  cells,  and  white  fibrous  bundles  in  a state  of  colliquative 
degeneration  could  be  detected  onh^  at  the  periphery  of  the  lesion. 
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Si/mpfoui^. — As  indicated  l)y  its  name,  tlie  foot  is  the  part  which  is 
ii. generally  aHected  in  this  disease,  and  the  right  foot  oftener  than  the  left. 
1 Thi'ough  some  slight  abrasion  of  the  sole  or  other  part  of  the  foot,  the 
4 1 primary  inocadation  takes  place,  and  this  results  in  the  formation  of  an 
I iiulurated  circumscribed  swelling  about  the  diameter  of  a threepemi}'- 
1.  i piece.  The  initial  lesion  is  comparatively  rarely  seen  by  the  medical 
I I man,  as  the  native  either  takes  no  notice  of  it  oi'  does  not  present  himself 
' : for  treatment  till  the  disease  is  well  advanced.  The  primary  lesion  i nns 
an  indolent  course,  and  may  or  may  not  be  associated  Avith  pain.  After 
I a couple  of  months  it  begins  to  soften  and  break  down,  gradually  forming 
in  the  centre  a fistulous  opening,  from  Avhich  oozes  a purulent,  viscid, 

I and  oily  discharge,  in  which  granules  of  diflei’ent  colours,  according  to  the 
I variet}^  of  the  disease,  are  suspended.  The  granules  may  be  grey  or 
yellow  in  colour  like  fish-roe,  and  vaiy  in  size  from  mere  specks  to 
aggregations  as  large  as  a pea ; they  may  be  brown  or  black,  resendjling 
coarse  guiipowder  ; or  in  exceptional  cases  they  may  be  red  in  tinge. 
Hence  it  is  customary  to  divide  this  disease  into  three  varieties,  namely 
( 1 ) the  white,  yellow  or  ochroid  variety,  (2)  the  black  or  melanoid 
variety,  and  (3)  the  red  variety. 

Cirradually  new  nodules  similar  to  the  primary  lesion  appear,  and 
undergo  the  same  changes.  These  gradually  increase  in  number,  and 
render  the  skin  of  the  foot  irregular  and  tubcrculated.  They  vary  in  size 
from  a small  shot  up  to  a filbert,  and  are  in  diftei-ent  stages  of  evolution, 
some  being  solid,  while  others  have  softened  or  become  converted  into 
fistulous  openings  more  or  less  blocked  up  by  vegetations.  The  foot 
itself  becomes  greatly  swollen  and  deformed.  It  becomes  twice  or  three 
times  as  broad  as  in  health,  the  sides  become  rounded,  giving  it  an  oval 
shape,  the  arch  disappears,  the  sole  becomes  convex,  and  the  toes  raised 
up  so  that  the  patient  is  unable  to  place  the  heel  and  the  toes  on  the 
ground  at  the  same  time.  The  ends  of  the  fibula  and  tibia  also  become 
thickened,  causing  swelling  of  the  ankle.  To  the  touch  the  skin  feels 
peculiarly  elastic,  and  the  whole  foot  gives  the  impression  of  a solid 
homogeneous  mass.  This  is  the  result  of  a process  of  softening  which 
has  attacked  all  the  tissues  with  the  exception  of  the  tendons  and  fascia), 
even  the  bones  being  invaded  and  becoming  honeycombed  with  cavities. 
A probe  introduced  into  one  of  the  fistulous  canals  can  generally  be 
passed  in  all  directions  without  meeting  any  definite  resistance.  The 
affected  skin  may  be  sensitive  to  the  touch,  but  there  is  comparatively 
little  pain  in  the  disease,  even  when  the  probe  is  ]>assed.  Above  the 
diseased  area  the  leg  becomes  thin  and  atrophic,  Avhich  is  all  the  more 
noticeable  in  comparison  Avith  the  SAvollen  foot.  The  glands  in  the 
popliteal  space  ami  inguinal  region  may  be  enlarged,  but  this  is  not  due 
to  a metastasis  of  the  disease,  but  simply  to  septic  absorption. 

The  inevitable  result  is  that  the  foot  becomes  lAseless,  and  the  native 
is  compelled  to  adopt  some  mode  of  locomotion  Avhich  does  not  necessitate 
putting  the  foot  on  the  giound. 

Though  in  the  majority  of  cases  the  foot  is  the  pai’t  attacked,  the 
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disease  occasionally  affects  other  regions  such  as  the  knee,  hand,  neck, 
and  jaw. 

Tlie  disease  runs  a slow  course.  At  first  it  does  not  interfere  to 
any  extcjit  with  the  general  health  of  the  sufferer,  as  it  is  a purely  local 
affection,  and  does  not  invade  the  internal  organs ; but  giadiially  from 
various  secondary  causes,  such  as  septic  al)sorption,  anaemia,  or  poverty 
and  starvation  from  loss  of  work,  the  patient,  after  a course  of  ten  to 
twenty  years,  succumbs  from  exhaustion  or  some  intercurrent  disease. 
Nothing  seems  to  stop  the  progress  of  the  disease  when  once  it  has 
become  established.  Cases,  however,  have  been  recorded  in  which  it  has 
been  arrested  very  early  ; two  such  instances  of  healing  have  recently  been 
reported  by  Brumpt  in  cases  of  the  black  variety  in  Somaliland. 

iJiagnosis. — Occasionally  the  diagnosis  of  early  cases  ot'madura  foot  from 
elephantiasis,  tuberculosis,  syphilis,  or  leprosy  may  present  some  diffi- 
culties ; but  further  observation  of  the  case,  the  characteristic  deformity, 
the  presence  of  fistulous  openings,  and  the  discharge  laden  with  mycotic 
aggregations,  should  serve  to  distinguish  them  easily.  From  actino- 
mycosis the  differential  diagnosis  may  prove  more  difficult.  Actino- 
mycosis, however,  is  a disease  which  is  transmitted  from  animals  to 
man,  and  can  be  inoculated  in  animals ; it  occurs  in  temperate  latitudes, 
often  runs  a rapid  course,  affects  internal  organs  and  mucous  membranes, 
and  has  yellow  granules  in  its  discharges ; madura  foot  is  confined  to 
man,  has  not  been  successfully  inoculated  in  lower  animals,  occurs  in  the 
tropics,  runs  a slow  coui'se,  does  not  become  generalised,  and  jmesents 
gi-anules  of  various  colours. 

The  treatment  of  mycetoma  is  most  unsatisfactory.  In  early  cases 
the  disease  may  possibly  be  arrested  by  cauterisation  or  excision  of  the 
initial  lesion,  but  when  the  disease  is  well  advanced  partial  or  complete 
amputation  is  necessary,  the  incision  being  made  through  the  healthy 
tissue  beyond  the  lesion.  The  prognosis  after  extiqmtion  is  good  with 
regard  to  recurrence,  since  tlie  disease  is  local.  Collas  reports  11(5 
successful  results  out  of  127  cases,  and  only  2 relapses  (Scheube).  There 
is  no  specific  medicinal  treatment  for  the  disease,  and  even  iodide  of 
potassium,  of  undoubted  value  in  actinomycosis,  seems  to  have  little  or 
no  influence  oti  madura  foot. 
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IV.  Skin  Affections  due  to  Animal  Parasites 

minimal  parasites  play  a more  important  part  in  the  causation  of  skin 
ati'ections  in  tropical  than  in  European  countries.  This  is  explained  not  so 
much  by  climatic  conditions  as  by  the  native’s  dirtiness,  over-crowding, 
defective  sanit:iry  conditions,  scanty  clothing,  and  bare  feet,  which  render 
him  much  more  liable  to  infection  than  the  European.  Of  the  skin 
tliseases  due  to  animal  parasites  only  three  need  be  specially  considered 
hei'C ; namely,  craw-craw,  water-itch,  and  those  caused  by  tlie  sand-flea 
or  jigger. 

Craw-eraw  is  a generic  name  which  has  been  applied  indiscriminately 
both  by  white  men  and  natives  in  West  Africa  to  a variety  of  skin 
affection  characterised  by  itching  and  more  or  less  pustulation.  Dr.  O’Neil, 
who  first  employed  the  term  in  1875,  described  under  the  heading  of 
“Craw-eraw”  or  “Kra-kra”  a vesico-pustular  affection,  resembling  in- 
veterate scabies  in  its  clinical  characters  and  distribution.  In  the  vesicles 
of  it  he  detected  a small  filaria  which  he  believed  to  be  specific.  Sir  1*. 
Manson  subsequently  recognised  the  filaria  as  the  embiyonic  form 
of  the  F.  Persians  which  is  common  in  the  countries  where  craw-craAv 
is  endemic,  but  he  does  not  regard  the  filaria  as  being  the  cause 
of  the  disea.se.  Dr.  Bennett  stated  that  the  uneducated  natives  of 
Old  Calabai'  gave  the  name  craw-craw  to  practically  all  skin  diseases, 
while  the  intelligent  natives  limited  its  application  to  three  conditions, 
namely,  lepros}'  or  bad  craw-craw,  tinea  circinata  or  Krooboy’s  craw- 
eraw,  and  craw-craw  proper,  a papulo-vesicular  disease  which  he  believed 
to  be  a pustular  eczema.  Plehn  has  also  described  under  this  heading  a 
papular  dermatitis  in  natives  on  the  Cameroon  Coast,  chiefly  attacking 
the  inside  of  the  thigh.  Emily  has  used  the  name  on  the  French 
Congo,  and  applied  it  to  a chronic  pustular  lesion  which  began  as  a 
reddish-brown  spot,  became  excoriated  by  scratching  aiid  transformed 
into  a superficial  ulcer,  the  floor  of  which  gradually  became  covered  with 
j)ale  granulations  secreting  a thick  tenacious  pus.  A mos([uito  bite  has 
been  blamed  for  the  prodtiction  of  the  lesions,  but  it  seems  more  probal)le 
that  the  mosquito  bite  or  other  abi-asion  gave  entrance  to  some  specific 
virus.  Sir  P.  Manson  has  observed  a similar  affection  in  India  and 
South  China,  and  has  noted  the  close  similarity  Avhich  it  bears  to  veld 
sores.  The  above  are  a few  of  the  applications  of  the  tei'm  craw-craw,  but 
thei-e  are  many  others,  and,  except  as  an  interesting  native  name,  it  might 
well  be  abandoned. 
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Water -itch. — Syn.  Coolic-itc.h,  Groand-ifeh,  JFater-sore,  Sore  Foul  of 
Assam,  Pani-ghao,  CiUaneous  ankylostomiasis. 

Water-itch  is  a form  of  vesicular  dermatitis  which  attacks  the  feet  of 
coolies  workin."  in  the  tea-gardens  in  Assam  during  the  wet  season. 
.Vccording  to  Dr.  Elliot  it  is  more  prevalent  in  Upper  Assam  than  in 
the  provinces  of  iSylhet  and  Cachar.  It  has  been  described  also  in  British 
Honduras  (Browne),  the  West  Indies,  and  the  Southern  United  States 
(Smith),  and  has  probably  a much  wider  distribution. 

In  Assam  after  heav}'^  rains  as  many  as  5 per  cent  of  the  coolies  may 
be  incapacitated  from  work  by  this  disease.  It  almost  invaiiably  attacks 
the  feet,  and  only  occasionally  the  legs.  It  begins  with  itching,  followed 
by  swelling  of  the  feet,  which  gradually  increases  up  to  the  second  day, 
when  walking  becomes  painful  and  the  eruption  appears.  This  consists 
of  red  macules  or  slightly  raised  papules,  which  rapidly  become  vesicles 
about  the  size  of  lentils.  The  lesions  are  situated  either  singly  or  in 
herpetiform  groups  about  the  sole,  dorsum  of  the  foot,  or  interdigital 
spaces  (Pllliot).  The  vesicles  usually  develop  into  pustules,  and  these 
in  turn  may  form  small  ulcers,  or  in  unfavourable  circumstances  through 
secondary  inoculation  become  gangrenous.  The  affection  is  frequently 
associated  with  ansemia.  In  ordinary  cases  it  is  not  a very  serious  disease 
from  the  patient’s  point  of  view,  but  it  is  of  vast  importance,  for  economic 
reasons,  to  the  planter. 

Etiology. — Water- itch  occurs  almost  exclusively^  in  the  wet  season, 
and  is  at  its  worst  after  a heavy  rainfall,  when  the  plantations  are 
covered  with  liquid  mud.  The  coolies  working  in  the  parts  of  the 
plantations  near  the  habitations  suffer  more  from  the  disease  than 
those  at  work  on  the  outside,  and  it  is  much  more  prevalent  in 
the  old  plantations ; a prevalence  attributed  to  the  greater  contamina- 
tion of  the  mud  with  human  excrement  near  the  habitations  and 
in  plantations  which  have  existed  for  a number  of  years.  Various 
suggestions  have  been  made  with  regard  to  the  cause  of  this  disease. 
In  1901  Dr.  Dalgetty  described  an  acarus  which  he  believed  to  be 
responsible  for  it;  but  this  opinion  is  not  generally  accepted,  and  it  is 
doubtful  whether  the  acarus,  to  which  the  name  of  llhizoglyphus  parasiticus 
was  given,  is  pathogenetic.  Becently  a new  interest  in  the  subject  has 
bt^cn  awakened  by  the  experiments  and  discovery  of  Looss,  Schaudinn, 
and  others,  that  the  embryos  of  ankylostoma  are  capable  of  penetrating 
the  skin,  and  so  producing  ankylostomiasis.  Bentley  has  asserted  that 
he  has  produced  an  eruption  of  water-itch  by  rubbing  into  the  skin 
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eurth  infected  with  the  enibryos  of  the  A.  duodenale.  In  tlie  tea-gardens 
in  Assam  a large  [)ei‘centage  of  the  coolies  sutler  from  aidvylostomiasis, 
and  their  excrement  is  impregnated  with  the  ova.  In  the  wet  weather 
these  are  hatched,  and  the  larvoj  may  easily  penetrate  the  bare-footetl 
coolies’  shin,  which  is  macerated  and  sodden  from  tramping  about 
in  the  slush.  In  its  passage  through  the  skin  the  embryo  is  said  to 
cause  the  erujition,  and  the  ulcei'ation  and  phagedama  which  may  super- 
vene are  regardeil  as  the  results  of  secondary  pyogenctic  inoculation. 
This  attractive  hypothesis  requires  fui  ther  corroboration,  however,  before 
it  can  lie  definitely  accepted  {imle  p.  898). 

The  treatment  of  the  tlisease  consists  in  daily  bathing  the  feet  in  warm 
carbolic  lotion  (1  in  40),  opening  the  vesicles  and  dusting  on  boro-iodb- 
form  powder.  When  open  sores  are  jiresent  antiseptic  dressings  should 
be  used.  Until  the  feet  have  healed  the  coolie  cannot  work,  and  should 
be  confined  in  the  tea-garden  hospital,  for  otherwise  the  treatment  is  apt 
to  be  a failure  through  want  of  co-operation  of  the  patients.  In  several 
tea-gardens  the  coolies  are  made  to  wear  “ kurrams  ” or  sabots  witli  high 
heels  at  each  end  which  raise  the  feet  from  the  ground.  Where  these 
are  in  use  the  number  of  cases  of  water-itch  has  been  largely  reduced. 
Indeed,  any  protective  covering  for  the  feet  is  a preventive.  In  a recent 
communication  Sir  P.  Mansou  refei’s  to  the  use  of  green  Barbados  tar 
for  this  purpose  in  the  West  Indies,  where  it  has  pi’oved  of  great  value. 
Every  morning  the  feet  and  legs  of  the  coolies  are  painted  over  with  the 
tar,  and  they  are  then  made  to  walk  through  fine  sand  or  sawdust,  which 
adheres  to  the  tar  and  forms  an  impermeable  covering. 
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The  Sand-Flea  or  Jigger,  Sarcopsylla  2Jenetrans  (L.),  was  originally 
confined  to  tropical  America  and  the  West  Indies,  but  was  carried  on 
ships  from  Brazil  to  West  Africa,  whence  it  spread  rapidly,  and  now 
prevails  in  many  parts  of  that  continent. 

The  jigger  is  somewdiat  smaller  than  the  ordinary  flea  {Ptdex 
irritans)  and  inhabits  sandy  soil  and  the  dust  of  native  huts.  It  readily 
attacks  any  warm-blooded  animal.  It  is  the  impregnated  female  which 
is  responsible  for  the  irritating  eruption  in  man.  The  female  {S. 
■penetrand)  burrows  obliquely  into  the  epidermis  till  only  its  jiosterior 
segment  is  visilile,  and  there  it  remains,  nouiished  by  its  host,  till  the  ova 


762 


SYSTEM  OF  MEDICINE 


mature.  It  is  visil)le  as  a small  dark  spot  in  the  centre  of  a nodule  or 
broken  blister.  Most  commonly  it  attacks  the  soles  of  the  feet,  inter- 
digital  clefts,  and  the  skin  about  the  roots  of  the  nails.  Its  presence 
is  associated  with  irritation,  intiammation,  and  occasionally  suppuration ; 
and  from  secondary  inoculations  the  lesions  may  be  the  starting-point  of 
phagedaenic  sores,  erysi|)elas,  and  even  tetanus.  After  the  eggs  mature 
they  are  expelled  and  fall  into  the  ground,  and  the  female  jigger  dies 
and  shrivels  up  in  the  skin  or  is  cast  off. 

The  irealment  consists  in  removing  the  insect,  intact  if  possible,  an 
operation  which  the  natives  become  very  skilful  in  doing.  The  small 
ulceration  which  is  generally  left  is  treated  with  antiseptic  lotions  or 
dusting  powders.  Should  any  portion  of  the  flea  remabi  it  is  advisable 
to  touch  the  part  with  pure  carbolic  acid  and  dress  the  part  subsequently 
with  mercurial  ointment.  As  prophylactic  measures  in  districts  where  it 
occurs,  the  rooms  and  huts  should  be  carefully  swept  to  remove  the  dust 
which  harbours  the  insect,  the  skin  should  be  anointed  frequently  with 
oil  of  cloves,  and  the  feet  protected  by  stockings  and  sandals. 

Lesions  produced  in  the  skin  by  the  larvje  of  certain  flies  and 
the  bites  of  ticks  and  leeches. — In  the  tiopics  various  types  of  local 
cutaneous  lesions  may  result  from  the  presence  in  the  skin  of  the  larvoe  of 
certain  flies,  and  from  the  bites  of  ticks,  mosquitoes,  certain  large  spiders, 
scorpions,  and  leeches.  These  lesions  vary  from  wheals  to  painful 
suppurating  sores,  according  to  the  character  and  virulence  of  the  poison 
introduced  by  the  bites.  Of  these  special  reference  need  only  be  made 
here  to  the  lesions  produced  by  the  bites  of  ticks,  and  by  the  presence  in 
the  tissue  of  the  larval  stage  of  cei'tain  tropical  flies. 

Myiasis  (from  jivla,  a fly)  is  a comprehensive  name  applied  to  the 
diseases  caused  by  the  presence  in  the  tissues  of  the  larvae  of  certain 
Hies.  These  flies  deposit  their  eggs  either  on  the  skin  or  on  the  mucous 
membrane  of  the  nose  or  external  auditory  canal  ; they  are  rapidly 
hatched,  and  the  larvae  set  up  more  or  less  serious  pathological  chaTiges, 
either  in  the  skin  and  mucosae  or  by  boring  down  in  the  neighbouring 
tissues.  (For  an  account  of  blood-sucking  and  other  flies  known  or  likely 
to  be  concerned  in  the  S])read  of  disease,  see  p.  169.) 

The  larva  responsible  for  the  most  severe  effects  is  the  so-called 
“ screw-worm,”  which  is  the  larval  stage  of  a “ blue-bottle  ” fly,  known  as 
fMcilia  macellaria  Fabi-icius,  belonging  to  the  family  of  the  muscids.  This 
fly  occurs  pi-incijially  in  South  America,  but  it  has  also  been  encountered 
in  North  America,  Cochin-China,  and  Tonkin  (Depied).  The  larva  is 
white  in  colour,  measures  about  14  mm.  in  length,  and  has  a screw-liko 
appearance  owing  to  the  ])resence  on  its  surface  of  ii-regular  rings  of 
small  horny  spines.  This  fly  attacks  man  as  well  as  domestic  animals, 
and  de])osits  its  eggs  on  the  skin  or  on  the  nasal  mucosa  or  auditory  skin 
of  natives  sleeping  in  the  open  air.  On  being  hatched  the  larvje  cause 
comparatively  little  harm  in  the  skin  beyond  setting  up  a painful 
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ruruiu'le  ; but  wlieu  they  occur  iu  the  natural  cavities  they  generally 
burrow  into  the  surrounding  tissues,  passing  through  muscles,  cartilages, 
aud  even  reaching  the  bones,  and  cause  serious  inflammatory  disturbance. 
Not  unfrequently  in  such  eases  a fatal  result  may  follow,  either  from 
septicaunia  or  from  the  penetration  of  the  larvie  into  the  brain  and  the  pro- 
duction of  meningitis.  Of  the  larva'  which  have  theii-  habitat  in  the  shin 
the  two  best  known  are  the  “ Ver  du  Cayor,”  and  the  “ Ver  macaque.” 

'File  “ ^ er  du  Cayor”  is  the  larva  of  the  Ochryowi/ia  anthrojiopluiga  E. 
Eranch,  which  is  very  prevalent  iu  the  Cayor  district  of  Senegambia  towards 
the  end  of  the  dry  season.  The  genital  organ  of  the  female  fly  is  provided 
with  a small  process  by  which  the  skin  of  man  and  various  domestic 
animals  is  pierced,  and  in  this  abrasion  the  eggs  are  deposited.  Certain 
observers  have  asserted,  on  the  other  hand,  that  the  eggs  are  deposited 
on  the  sand  and  are  hatched  there,  the  larvae  getting  into  the  skin  subse- 
quently (Scheube).  The  presence  of  the  larvae  in  the  skin  causes  the 
formation  of  a small  furuncle,  which  matures  in  about  a week,  breaks, 
gives  exit  to  a larva  which  is  greyish-white  in  colour,  com})Osed  of  nine 
segments,  and  is  about  1 2 mm.  iu  length. 

The  ‘‘Ver  macaque”  is  the  larva  of  a gad-fly,  named  the  Ikrma- 
tuhui  cyaniventris  Macquart,  syn.  1).  noxialis  Brauer,  which  is  found 
in  Central  America,  Mexico,  and  Brazil.  K.  Blanchard  has  shewn 
that  the  fly  has  two  larval  stages,  the  first,  which  is  club-shaped  and 
is  known  as  the  Ver  macaque,  and  a further  stage,  which  is  worm-shaped 
and  is  called  Berne  or  Torcel.  ^Yhen  the  larva*  are  present  in  the 
skin  they  set  up  inflammatory  swellings  and  abscesses,  Avhich  may  reach 
the  size  of  a pigeon’s  egg,  and  have  been  termed  “gad-fly  boils.” 
These  readily  break  down  and  discharge  a sero-purulent  fluid  containing 
the  black  fieces  of  the  larvse.  Skin-lesions  of  this  type,  produced  by  the 
larv?e  of  Hies,  have  been  reported  from  various  countries,  luit  the  jmecise 
fly  which  is  responsible  in  each  has  still  in  many  cases  to  be  identified. 
For  example,  cases  have  been  recorded  in  British  East  Africa  (Kolb), 
German  East  Africa  (Nagel),  Lagos  (Strachan),  and  also  in  the  northern 
latitudes  of  Norway  and  the  Shetland  Islands. 

Treatment. — The  treatment  of  these  Ic.sions  must  be  pi’om])t  and 
thorough.  For  the  screw-worm  affection,  the  diseased  cavity  should  be 
irrigated  with  1 in  20  carbolic  solution,  oi‘  swabbed  out  with  pure 
benzene.  Should  the  lar\'oe  have  reached  the  frontal  sinus,  inhalations  of 
chloroform  have  been  recommended  to  kill  them  (Jeanselme),  and  the 
cavity  should  be  opened  up  to  permit  of  free  ii-rigation  and  the  expulsion 
of  the  parasites.  The  boils  resulting  from  the  various  larvas  in  the  skin 
should  be  treated  on  ordinary  surgical  y)rinciples  and  be  freely  opened, 
the  contents  beiiig  expressed,  and  should  then  be  thoroughly  irrigated. 
In  Brazil,  tobacco  juice  is  allowed  to  trickle  into  the  small  opeiung  which 
is  frequently  present  iu  the  boils ; this  causes  the  larva  to  protrude,  and 
it  can  then  be  expressed  (Scheube)  ; a similar  ti’eatment  is  employed 
by  the  natives  in  Paraguay  (Lindsay). 
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Ixodiasis  is  tlie  term  which  has  been  applied  to  the  affections  caused 
in  man  and  the  lower  animals  by  the  bites  of  certain  ticks  (Ixodoidea). 
The  ticks  belong  to  the  order  Acari,  of  which  the  Sarroptes  scahm  is  a 
familiar  member.  The  lesions  caused  in  the  skin  by  their  bites  are 
comparatively  trivial.  Certain  of  them,  like  the  sheep  - tick  {Lcodes 
redumis  Linn.),  can  penetrate  the  skin  like  the  acarus  of  scabies,  but  the 
majority  pierce  the  epidermis  only  with  their  probosces,  and  do  not 
become  imbedded.  There  is  as  a rule  little  discomfort  from  the 
bite  of  the  tick,  but  soon  afterwards  an  irritable  wheal  is  formed, 
probably  as  the  result  of  the  injection  of  poisonous  salivary  fluid,  and  as 
the  tick  gorges  itself  Avith  blood  the  iri-itation  increases.  As  far  as  the 
skin  is  concerned  the  chief  danger  of  tick  bites  is  that  they  may  be  the 
.seat  of  the  secondary  inoculation  of  pyogenetic  micro-organisms  or  of  the 
virus  of  certain  diseases.  On  the  other  hand,  the  pathogenetic  importance 
of  the  tick  bite  has  recently  been  greatly  emphasised  by  the  proof  that 
the  tick  is  the  intermediary  host  for  the  transmission  of  various  serious 
febrile  disease.s,  such  as  the  “ Miana  ” of  Persia,  and  Human  Tick  fever 
{vide  p.  301). 

Treatment. — ^^^hen  the  tick  becomes  fixed  to  the  skin  by  its  rostrum, 
it  should  be  made  to  detach  itself  by  putting  a drop  of  turpentine  or 
benzene  on  it ; it  should  not  be  forcibly  removed  lest  the  proboscis  be 
broken  off  and  left  in  the  skin.  As  preventive  measures,  the  corners  of 
rooms  whei-e  ticks  abound  should  be  frequently  spra3md  with  kerosene, 
and,  if  necessary,  fumigated  with  sulphur,  and  precipitated  sulphur  should 
be  dusted  between  the  bed-sheets.  Instead  of  precipitated  sulphur  the 
powder  of  ])yrethrum  flowers  has  been  employed  for  this  purpose  (Sambon). 

For  leeeh-bitrs  see  p.  9.o9. 
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V.  Skin  affections  due  to  the  Climate  of  the  Tropics 

Of  the  various  skin  affections  which  attack  the  white  man  in  the 
tropics  some  are  directly  or  indirectly  dependent  on  the  climate,  and  of 
these  the  most  important  are  solar  dermatitis  or  eczema  solare  and 
prickly  heat  or  lichen  tropicus. 

Prickly  Heat. — For  a descidption  of  this  affection  ride  Yol.  ^dIl., 
1899,  p.  74.3. 


TROPICAL  DISEASES  OF  THE  SKIN 


765 


Solar  Dermatitis  is  an  atiectioji  of  the  skin  of  the  natuie  of  acute 
I eczema ; it  attacks  the  exposed  parts,  especially  the  face,  and  results 
from  the  irritiition  caused  by  intense  suidight.  In  mild  cases,  after  a 
f latent  period  of  G to  I’J  hours  after  the  exposure  to  the  sun,  the  skin 
begins  to  smart  and  becomes  hot  and  tense,  and  an  erythema  associated 
■with  slight  a'dema  appears.  Left  to  itself  the  inHammation  usually 
subsides  in  about  48  hours  and  is  followed  by  desquamation  and  transient 
' pigmentation  of  the  aft'ected  ai'ca.  In  severe  cases  the  tedema  is  excessive 
' and  may  go  on  to  vesiculation,  formation  of  l)ulla‘,  and  weeping,  d'lie 
I loose  tissue  below  the  eyes  becomes  so  mdematous  that  the  eyes  arc 
I almost  closed  up,  and  the  pain  may  be  as  great  as  in  erysipelas,  for  which 
the  condition  may  be  mistaken.  In  such  cases  about  a week  elapses 
before  the  inflammation  disappears. 

It  has  long  been  known  that  this  affection  is  not  the  l esult  of  the 
heat-rays  from  the  sun,  but  is  caused  by  the  chemical  or  actinic  rays  at 
the  violet  end  of  the  solar  spectrum.  This  was  pointed  out  as  earlv 
as  1858  by  Charcot,  who  demonstrated  it  experimentally,  and  his 
observations  have  been  fre(iuently  confirmed.  The  dermatitis  is  not 
peculiar  to  the  tropics,  but  may  occur  even  in  cold  climates  from  the 
reflected  light  from  snow-fields  where  the  temperatui-e  is  below  zero  and 
the  heat-rays  have  -been  eliminated.  The  degree  of  dermatitis  depends 
on  the  intensity  of  the  light  and  on  the  type  of  skin  of  the  individual 
affected.  Dark  races  do  not  suffer  from  it,  as  their  skin  is  protected 
by  pigment,  which  prevents  the  jienetration  of  the  powerful  actinic  rays. 
Where  the  sunlight  is  most  intense  the  native  is  most  deeply  pigmented. 
In  Central  Africa,  for  example,  the  native  is  almost  jet  black;  farther 
away  from  equatorial  sun,  as  in  Abyssinia,  he  becomes  dark  brown ; in 
Morocco  a lighter  brown,  in  Southern  Europe  olive,  in  Central  Europe 
brunette,  in  Scandinavia  blonde.  The  actinic  rays  stimulate  the  skin, 
causing  the  production  and  deposition  of  pigment  granules  in  the  deeper 
layers  of  the  epidermis.  For  this  reason  the  European  becomes  bronzed 
after  a comparatively  short  residence  in  the  tropics.  Great  interest  has 
I'ccently  been  aroused  on  this  subject  by  the  researches  of  Finsen,  and  the 
application  of  the  actinic  rays  in  the  treatment  of  tuberculosis  of  the  skin 
and  various  other  affections.  In  this  form  of  treatment  an  inflammatory 
reaction  is  artificially  produced  by  actinic  rays  obtained  fiom  a jiowerftd 
arc-lamp,  and  the  reaction  is  the  same  as  occurs  in  an  acute  solar 
dermatitis.  This  inflammatory  reaction  causes  an  oedeniatous  degenera- 
tion of  diseased  tissue,  and  in  the  subsequent  |)rocess  of  repair  replaces  it 
by  new  fibrous  tissue  and  a healthy  scar. 

Treaftnent. — In  an  acitte  attack  of  solar  dermatitis  soothing  treatment 
is  indicated.  AVhen  the  erythema  and  oedema  arc  severe  a lead  lotion, 
consisting  of  half  a drachm  to  the  ounce  of  the  liquor  plumbi  subacetatis 
in  water  or  milk  and  applied  continuously  in  the  form  of  a comj)ress  or 
on  a lint  mask,  is  of  great  service.  Under  this  treatment  the  inflamma- 
tion quickly  subsides.  If  vesicles  or  blisters  be  present,  care  must  be  taken 
to  prevent  them  becoming  septic.  Should  this  occur  it  is  advisable  to 
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apply  boric  acid  compresses  and  dressings  of  boric  acid  ointment  instead 
of  the  lead  ointment.  After  the  iiiHammation  has  gone  down  the  skin 
tends  to  peel  and  become  pigmented.  The  pigmentation  gradually  dis- 
appears, and  desquamation  can  be  counteracted  by  the  application  of  cold 
cream.  Of  course,  in  all  cases,  however  mild,  confinement  to  the  hotise 
when  the  sun  is  up  is  essential.  Much  can  be  done  to  prevent  solar 
dermatitis  in  the  troj)ics  by  suitable  headgear,  parasols,  and  veils.  These 
should  be  orange  or  red  in  colour  and  not  white  or  green,  since  red 
materials  allow  only  the  harmless  red  rays  to  penetrate  and  are  opaque 
to  the  actinic  rays. 
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VI.  Dystrophies 

Vitiligo. — Complete  albinism  with  pink  eyes  and  white  hair  i.s  rare 
in  (lark-coloured  peoples,  but  partial  albinism  or  vitiligo  is  more  common 
than  in  white  races.  It  is  possible,  however,  that,  as  it  is  much  more 
noticeal)le  in  dark  skins,  it  ap|)ears  to  be  more  prevalent  than  it  really 
is,  while  in  white  races  mild  degrees  of  it  may  not  attract  attention. 
Besides  typical  vitiligo  non-pigmented  patches  in  which  the  pigmentation 
gradually  reappears  may  occur  in  association  with  syphilis,  or,  when 
desquamation  has  taken  place,  in  various  native  hyphomycetic  affections, 
such  as  tinea  imbricata  and  carat(j.  Vitiligo  in  the  native  has  to  be  dis- 
tinguished from  the  whitish  patches  of  antesthetic  leprosy,  a condition 
with  which  it  has  frequently  been  confused.  (For  a detailed  description 
of  vitiligo  sec  Vol.  VIII.,  1899,  p.  706.) 

Cheloids  and  Hypertrophic  Sears.  — Though  cheloids  and  hyper- 
trophic scars  may  occur  in  any  climate  and  may  affect  any  race,  they  are 
unusually  ju'evalent  in  dark  skins.  In  the  negro  they  are  prone  to  follow 
slight  injuries,  abi-asions,  stings  and  bites  of  insects,  vaccination,  and  the 
sores  of  le[)rosy,  tuberculosis,  and  syphilis.  Le  Dantec  and  Boy6  reporta 
case  of  fibromatous  growths  or  “ keloidal  fibromata  ” growing  in  the  lobes 
of  tlie  ears  of  negroes  after  being  pierced  for  ear-rings  ; and  various  other 
writers  have  recorded  cases  of  an  allied  nature.  Various  ]>eoples,  such  as 
certain  of  the  tribes  in  Oceania  and  the  Australian  aborigines,  adorn 
themselves  with  hypcrtro])hic  scars  as  other  races  do  with  tattoo-marks; 
these  they  produce  by  cutting  themselves  with  some  sharp  edge,  such  as 
a piece  of  flint  or  a broken  shell,  and  rubbing  grass  or  mud  into  the  open 
wound.  The  hard  and  fast  distinction  which  was  once  drawn  between 
the  so-called  s])ontaneous  cheloid  and  ordinary  scar-cheloid,  and  on  which 
Kaposi  in-sisted,  is  gradually  giving  place  to  the  view  that  pathologically 
botli  types  are  variants  of  the  same  process  and  that  possibly  they  both 
result  from  the  inoculation  of  some  micro-organism.  This  suggestion — 
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for  it  is  only  a hypothesis  at  present,  since  no  such  microbes  have  yet 
been  established — would  readily  explain  the  great  frequency  of  cheloidal 
growths  in  dark-coloured  natives,  in  whose  unprotected  skins  so  exposed 
to  injury  secondaiy  inoculation  of  wounds  and  abrasions  by  a number 
of  micro-organisms  is  the  rule  rather  than  the  exception.  (For  a detailed 
description  of  cheloid  see  ^’ol.  VIII.,  18!i9,  p.  685.) 

d.  M.  II.  .M.A('Lkoi). 
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By  Sir  P.vtuick  jM.vnsox,  K.C..M.G.,  LL.l).,  M.T).,  F.R.S. 

Among  tjie  natives  of  the  Malay  Peninsula,  of  .Java,  and  of  the 
neighbouring  ishuuls — in  some  localities  more  than  others — examjiles  of 
a peculiar  mental  affection,  locally  known  as  Latah  (a  word  signifying 
nervous  or  ticklish),  are  not  uncommon.  It  occurs  more  frequently  in 
women,  especially  young  women,  than  in  men ; children  are  rai'elv 
affected.  It  persists  for  years,  and  is  seldom  recovered  from. 

Although  there  may  be  considerable  variety  in  the  particular 
symptoms  and  in  their  intensity,  in  all  instances  the  characteristic 
features  of  this  psychosis  are  the  same ; they  depend  on  an  abnormal 
and  exaggerated  susceptibility  to  the  influence  of  suggestion. 

In  ordinary  circumstances  the  subjects  of  latah  ajijicar  in  no 
way  different  from  their  neighbours.  But  on  the  oicurrence  of  some 
sudden  and  startling  impression,  such  as  a loud  sound  or  anything 
calculated  to  produce  a vivid  impression,  or  on  Avitnessing  particular 
movements,  or  on  hearing  particular  sounds,  or  in  response  to  some 
overt  suggestion  by  word,  movement,  or  facial  expression  on  the  part 
of  an  experimenter,  they  pass  into  a peculiar  mental  state  in  which  they 
involuntarily  utter  eertain  sounds  or  words  or  execute  certain  move- 
ments. In  other  instances  they  will  imitate  words  and  movements,  oi' 
yield  themselves  to  suggestions  coming  from  others  or  even  from  the 
phenomena  of  external  nature.  During  this  hypnotic-like  state,  which 
in  some  may  last  for  a few  moments,  in  others  for  an  indefinite  tinu' 
or  until  removed  by  a contrary  suggestion,  although  consciousnc.ss  and 
intellect  are  clear,  and  although  sti-enuous  effort  may  be  made  to  resist 
suggestion,  the  victim  is  at  the  mercy  of  his  prompter,  and  will  in- 
evitably follow  any  lead  indicated,  no  matter  the  consequences. 

.\lthough  the  manifestations  of  high  degrees  of  latah  may  be  followed 
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by  signs  of  exhaustion,  and  even  by  swooning,  as  a rule  nothing  of  the 
kind  occurs.  There  are  no  stigmata  by  which  these  people  can  be 
i-ecognised.  Their  infirmity  is  discovered  by  accident.  Subseqtiently, 
although  the  fact  that  'a  particulai-  individual  is  latah  soon  becomes 
known  to  the  neighbour.s,  it  is  not  held  to  disqualify  him  for  employ- 
ment in  any  ordinary  capacity. 

Sir  F.  Swettenham,  basing  his  description  on  personal  e.xperience.s, 
gives  a graphic  account  of  this  disease.  At  one  time  he  was  in  command 
of  a small  body  of  native  police,  two  of  whom  were  latah.  To  pass  the 
time  the  companions  of  the  latah-struck  men  amused  themselves  by 
taking  advantage  of  this  circumstance.  On  one  occasion  an  inspector 
saw  one  of  the  latah  men  on  the  top  of  a cocoa-nut  tree.  On  being 
asked  what  he  was  doing  there,  the  man  replied  that  he  could  not  come 
down  because  there  was  a snake  at  the  bottom  of  the  tree.  In  reality 
there  was  a bit  of  rattan  round  the  stem  ; on  this  being  removed  the 
man  came  down  without  hesitation.  The  inspector  ascerbiined  that  the 
other  i)olice  had  ordered  the  latah  man  to  climb  the  tree  ; this  he  did, 
and  then,  out  of  sheer  devilry,  some  one  taking  in  his  hand  a rattan,  and 
saying,  “Do  you  see  this  snake?  I will  tie  it  round  the  ti-ee,  and  then 
you  can’t  come  down,” — tied  the  rattan  round  the  ti‘ee.  The  man  was 
there  from  10  -‘V.M.  till  4 I’.M.  “Speaking  generally,”  Sir  F.  Swettenham 
says,  “ it  was  only  necessary  for  any  one  to  attract  the  attention  of  either 
of  these  men  by  the  simplest  means,  holding  up  a.fingci-,  calling  them  by 
name  in  a rather  pointed  way,  touching  them,  or  even,  v-hen  close  by, 
to  look  them  hard  in  the  face,  and  instantly  they  appeared  to  lose  all 
control  of  themselves,  and  would  do,  not  only  whatever  they  were  told 
to  do,  but  also  whatever  was  suggested  by  a sign.”  Thus,  at  the  word 
of  command,  or  even  on  witnessing  an  action  suggestive  of  a dive,  they 
would  plunge  into  a river  regardless  of  the  danger  from  crocodiles.  If 
told  to  strike  another  man  they  would  do  so  ; and  if  the  person  struck 
r(!sentcd  the  l)low,  they  would  say,  “It  is  not  I who  hit  you,  but  that 
man  who  oixlered  me.”  On  another  occasion  one  of  these  men  on  being 
told  that  a I’oll  of  matting  Avas  his  wife  embraced  it  with  every  sign  of 
affection  ; and  when  the  other  latah  policeman  Avas  informed  that  the 
same  roll  of  matting  Avas  his  Avife  likcAvise,  he  too  embraced  it,  and  the 
two  men  fell  to  the  ground  struggling  for  posse.ssion  of  the  lady.  {Similar 
stories  are  current  about  latah  people  throughout  the  Malay  country. 

Not  nnfreciuently  the  latah  man  or  Avoman,  if  startled  by  an  un- 
expected touch,  noise,  or  sight,  Avill  not  only  sIicav  all  the  signs  of  a 
very  nervous  j)crson,  but,  almost  invariably,  Avill  fire  off  a volley  of 
obscene  expressions  having  no  reference  Avhatever  to  the  particular 
circumstances  of  the  moment.  As  a rule,  in  order  to  find  out  that  they 
are  latah,  it  is  necessary  to  startle  them.  They  are  conscious  of  their 
infirmity,  and  in  most  instances  dislike  and  try  to  avoid  its  manifestation. 

Latoli  folk  are  faAmurite  subjects  for  the  practical  joker.  Clnldren 
and  even  groAvn-up  people  cannot  alAA^ays  resist  the  temptation  to  bait 
them ; for  one  reason  because  it  is  e.xccedingly  easy  to  do  so,  fm' 
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another,  because  these  unfortunates  are  inclined,  on  the  spur  of  the 
jnoment,  to  do  ludicrous  things  or  to  say  something  of  which,  in 
ordinary  circumstances,  they  would  be  ashamed.  Fortunatel}'  for  their 
tormentors,  latah  people  are  generally  good-humoured  and  rarely  I’csent 
-such  liberties  ; in  a few  instances,  however,  they  object  to  being  made 
a show  of  and  may  become  dangerous. 

Pathology. — Latah  seems  to  be  akin  to  a class  of  emotional  diseases 
which,  in  their  kinds,  are  common  in  all  barbarous  and  semi-civilised 
countries ; nor  are  they  wanting  among  the  superstitious  and  w'eak- 
' minded  of  more  advanced  nations.  Among  the  man)'  forms  of  this  type 
of  psychoj)athy  there  are  several  which  closely  resemble  the  latah  of 
I the  Malays ; such,  for  example,  is  an  affection  prevalent  among  the 
iSainoyeds,  known  as  “ ikota.”  According  to  Schrenk,  ikota  is  confined 
■ to  married  women.  In  its  milder  form  it  declares  itself  l)y  inarticulate 
sounds  which  are  emitted  whenever  the  afiected  person  sees  something 
repugnant  to  hei',  or  if  she  is  teased  about  her  peculiar  susceptibility. 
In  its  more  severe  form  the  patient  becomes  temporarily  maniacal, 
resuming  the  appearance  of  sanity  when  the  paroxysm  is  over.  In  latah, 

. and  in  ikota,  the  individual  manifestations  are  induced  in  similar  ways  ; 
in  both  they  are  paroxysmal,  evanescent,  and  recurring;  and  in  both 
the  liability  to  the  attacks  is  more  or  less  permanent. 

To  the  same  class  of  psychopathies  belong  sivch  affections  as  the 
“possession  by  devils”  of  the  ancient  Syrians,  and  the  “tigretier”  or 
the  “ boudda  ” disease,  and  “ zarr  ” of  the  modern  Abyssinian.  Such-likc 
p.sychopathies  are  by  no  means  confined  to  one  or  two  peoples ; wherever 
there  is  a lively  belief  in  the  existence  of  a personal  devil,  or  of  evil 
spirits,  or  in  the  possibility  of  “possession,”  there,  under  a variety  of 
local  names,  these  and  like  maladies  are  sure  to  be  found. 

Allied  to,  but  somewhat  differing  from,  these  are  those  curious 
epidemics  of  religious  ecstasy  which,  during  the  Middle  Ages,  swept 
over  many  j)arts  of  Europe,  and  which,  even  in  modern  times,  are  apt  to 
break  out  duiing  what  are  known  as  “ seasons  of  revival.”  Such  were 
the  dancing  frenzy  and  the  children’s  crusades  of  mediaeval  Germany  ; 
the  tarantism  of  Italy  of  the  fifteenth  and  seventeenth  centuries,  the 
“ pi'eaching  disease”  of  Sweden;  the  “jumpers”  of  Cornwall;  the 
“barkers”  of  the  United  States;  the  eccentric  sects  of  I\u.ssia,  and 
many  siinilar  absurdities,  which  have  been  and  ai’e  perpetrated  under 
the  names  of  religion  or  freedom. 

These  religious  and  social  epidemics  differ  somewhat  in  their  essence, 
as  well  as  in  their  course,  from  the  type  of  psychopathy  represented 
by  latah  and  ikota.  In  the  case  of  latah  the  individual  attacks  ai'c 
sudden  in  their  manifestation,  supervening  inunediately  on  the  inducing 
shock  or  suggestion,  are  not  voluntarily  induced  or  sought  for,  and 
cannot  be  controlled ; moreover,  the  condition  may  be  pci'manent  and 
is  not  readily  communicated  to  large  numbers.  In  the  religious  and 
social  psychopathies  the  morbid  condition  is  more  evanescent,  it  super- 
venes gradually,  may  be  voluntarily  induced,  is  often  voluntarily  sub- 
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mitted  to,  can  often  be  controlled,  and  is  readily  communicated  to 
large  numbers.  Latah  and  the  like  seem  to  be  diseases  of  the  intel- 
lectual reflexes ; the  religious  and  social  psychopathies  are  rather 
diseases  of  the  emotions.  The  former  may  be  said  to  behave  as  an 
endemie  disease,  the  latter  as  an  epidemic.  This  dissimilarity  in  their 
natural  histories  depends,  probably,  on  underlying  differences  in  the 
p.sychical  elements  involved. 

'rhese  differences  apart,  such  psychopathies  have  many  points  in 
common.  In  none  of  them  is  there  any  gross'  physical  lesion.  Unless 
by  accident  they  are  not  fatal.  In  all  of  them  there  is  an  underlying 
and  ])ersonal  emotional  temperament ; an  implicit  belief  in  certain 
superstitions ; a strongly  marked  susceptibility  to  the  influence  of 
example,  with  a corresponding  impulse  to  imitate  ; and,  most  probably 
in  some  instances,  at  all  events  in  the  early  stages,  a hysterical  craving 
for  sympathy,  a desire  to  excite  curiosit}''  or  wonder,  or  a Avish  for  a 
certain  kind  of  i)ersonal  distinction.  Possibly  in  some  cases  of  latah 
there  may  be  nothing  of  this  kind,  or  no  consciousness  of  it ; but 
undoubtedly  in  many  instances  hysteria  plays  a part  in  the  earlier 
stages.  What  at  first  ma}^  have  been  a bad  habit  oidy  crystallises  by 
and  by  into  second  nature ; a consummation  Avhich  ma^^  be  fui  ther 
led  up  to  by  a desire  to  appear  consistent  and  to  live  up  to  an  accpured 
reputation. 

The  particular  foiin  these  psychopathies  assume  depends  in  great 
measure  on  the  superstitions  and  customs  of  the  C(tuntiy  in  which  they 
occur,  and  on  contemporary  ideas  and  influences.  Hearsay^,  ti’adition,  and 
example  determine,  as  a rule,  the  endemic  types  much  in  tlie  same  way 
as  they  determine  the  national  or  local  methods  of  revenge  or  of  suicide. 
Thus,  whilst  the  disgraced  and  despairing  Englishman  will  shoot  or  hang 
himself,  the  Japanese  in  similar  circumstances  will  rip  his  belly  open,  the 
Malay  run  amok.  So  custom  contributes  to  determine  the  fashion  of 
the  Abyssinian  tigretier,  the  Samoyed  ikota,  and  the  Malay  latah.  In 
the  case  of  the  religious  and  .social  epidemic  psychopathies  the  particular 
form  assumed  will  dei>end  in  a measui-e  on  the  fashion  set  by  the 
originating  apostle,  or,  ])erhaps,  on  the  plans  of  designing  leaders. 

In  the  religious  psychopathies  the  emotional  exaltation,  though  in 
the  first  instance  confined  to  purely  spiritual  matters,  tends  to  spread 
to  other  emotional  centres,  and  maj'-  thus  lead  to  Avild  sexual  and  even 
homicidal  orgies. 

Gimlette  calls  attention  to  the  medico-legal  as]>ects  of  this  disease. 
Fortunately^  examples  in  Avhich  latah  has  been  shcAvn  to  play  a part  in 
crime  are  rare  or  nnknOAvn.  It  is  conceivable,  hoAA^ever,  that  under 
the  influence  of  suggestion  an  affected  ])crson  juight  be  induced  to  kill, 
or  commit  some  other  crime.  In  such  circumstances  it  mi<iht  be  difficult 
to  assess  or  to  fix  I'esponsibility. 

Treatment. — -Of  the  A'arious  forms  of  “ possession,”  latah  is  one  of 
the  most  rebellious.  Devils,  spirits,  and  Avild  beasts  may  be  exorcised 
by  the  resources  of  priest-craft,  by  music,  by  drugs  reputed  to  have 
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■special  virtues,  by  other  strange  and  often  repulsive  means — in  other 
Avords,  by  an  appeal  to  those  superstitious  and  emotional  elements 
that  raised  them.  Latah,  however,  has  the  reputation  of  being  incurable  ; 
the  reason  foi'  this  special  rebelliousness  is  not  easily  discerned. 

1 he  prophi/laxis  of  these  lisychopathies,  whether  endemic  or  epidemic 
in  type,  manifestly  lies  in  judicious  mental  and  physical  education. 

PaTKICK  M ANSON. 
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INSOLATION  OR  SUNSTROKE 

By  Sir  Jo.seph  Fayrer,  Bart.,  M.D.,  F.R.S. 

Undkr  the  designation  of  sunstroke,  heat-stroke,  insolation,  theimic 
fever,  calenture,  heat  apoplexy,  heat  asphyxia,  ictus  solis,  and  other 
synonyms,  a number  of  morbid  conditions,  from  the  simplest  to  the 
gravest,  are  included.  However  these  conditions  may  be  modified  b}' 
personal  suscejililiility,  local  surroundings  and  climatic  influences,  they 
are  all  essentially  due  to  heat,  and  are  the  result  of  exposure  either  to 
the  direct  rays  of  the  sun  or  to  a high  atmospheric  temperature  in  the 
shade. 

Great  heat  may  cause — 

1.  A state  of  exhaustion  leading  to  syncope. 

2.  An  overheating  of  the  nervous  centres,  blood,  and  tissues ; with  a 
tendency  to  produce  vasomotor  paralysis,  hyperpyrexia  (theiTiiic  fevei'), 
and  sub.se([uent  asphyxia  through  tlie  action  upon  the  respiratory  centres. 
Therewith  lesions  may  take  place,  such  as  cerebral  tissue-change  and 
hanuorrhage,  and  meningitis  in  various  degrees.  The  symptoms  in  such 
cases  are  vaiied,  aud  depend  upon  the  portions  of  the  ccrebi’ospinal 
centres  affected. 

The  effect  of  heat  upon  the  human  body  in  tro])ical  climates  or  else- 
where is  a subject  of  considerable  importance  and  interest.  Man,  of  all 
animals,  possesses  the  greatest  power  of  adapting  himself  to  and  main- 
taining health  under  changes  of  climate  and  temperature.  His  body, 
in  favourable  circumstances  of  climate,  food,  and  habits,  has  the  jiower 
of  maintaining  an  almost  constant  temperature  under  extremes  of  heat 
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and  cold.  Vigorous  healthy  pei'soiis,  who  lead  temperate  and  well- 
regulated  lives,  can  tolerate  a very  much  higher  temperature  than  others 
not  so  conditioned ; and  the  natives  of  tropical  climates — especial!}'’  the 
coloured  races — can  tolerate  an  amount  of  heat  to  which  the  European 
would  succumb : even  they,  however,  sufl'ei’  at  times  if  the  heat  rise 
above  a certain  point,  and  natives  of  India  frequently  die  fj'ora  “ loo 
mama,”  hot  wind-stroke. 

The  action  of  heat  is  much  influenced  by  the  hygrometric  condition 
of  the  atmosphere.  A dry  hot  air  is  better  tolerated  than  a moist  one 
at  a lower  temperature,  because  it  favours  perspiration  and  keeps  the 
l)ody  cool ; while  damp  air  diminishes  evaporation  and  the  refrigerating 
processes  of  the  body.  When,  from  any  cause,  perspiration  fails, 
glandular  secretions  or  the  natural  eliminative  functions  are  interfeied 
with,  especially  when  the  air  temperature  exceeds  that  of  the  norinul 
heat  of  the  body,  suffering  soon  ensues,  and  danger  from  ardent  fever  or 
heat  asphyxia  becomes  imminent.  That  these  e\  il  consequences  are  not 
due  to  the  direct  action  of  the  sun  alone  is  shewn  by  the  fact  that  many 
of  the  fatal  cases  take  place  in  rooms,  tents,  or  hospital^,  at  night  or  in 
the  early  hours  of  the  morning  before  sunrise,  especially  if  the  air  he 
vitiated  as  well  as  hot : previous  disease,  debility,  or  irregular  and 
intemperate  habits,  dispose  to  insolation. 

The  effects  of  all  the  conditions  of  hot  climates,  including  heat,  are 
not  yet  sufficiently  determined,  and  we  must  look  for  fui'ther  information 
to  medical  men  practising  abroad.  Continvxed  exposure  to  great  heat 
cannot  long  be  endured,  even  by  the  healthy  human  body,  with  impunity. 
I’arkes  and  others  have  shewn  its  injurious  effects  on  the  nervous  system, 
on  secretion  and  elimination,  and  on  the  digestive  and  assimilative 
processes.  It  causes  fever  from  the  simplest  to  the  most  ardent  form; 
and  it  is  often  combined  Avith  pernicious  miasmatic  poisoning,  extreme 
cases  of  which  may  be  confounded  with  or  pass  into  the  most  aggravated 
forms  of  thermic  fever  or  asphyxia. 

Insolation  generally  takes  place  in  the  hottest  months  of  the  year. 
April,  May,  June,  and  July  give  the  highest  returns  in  India  ; but  Avheii- 
cver  the  temperature  is  high  enough  in  other  countries  the  same  results 
obtain.  For  example,  it  is  very  frequent  in  North  America  every  year. 

It  has  been  stated  that  sunstroke  seldom,  if  ever,  occurs  at  sea ; but 
this  is  negatived  by  the  records  of  vessels  passing  through  the  lied  Sea, 
Indian  Ocean,  Persian  Gulf,  and  other  tropical  seas.  I have  myself 
witnessed  death  on  board  steamers  in  the  Red  Sea  from  insolation. 
•Maclean  tells  us,  among  other  examples  of  insolation  occurring  on 
board  ship,  that  Boudin  relates  that,  while  at  Rio  daneiro,  the  French 
war-ship  Ditqiicsne  had  100  cases  of  insolation  out  of  a crew  of  GOO. 
.Most  of  the  men  Avere  attacked,  not  Avhen  exposed  to  the  direct  rays  of 
the  sun,  but  at  night  Avhen  in  the  recumbent  position — that  is,  when 
breathing  not  onlv  a hot  and  suffocating,  but  also  an  impure  air. 
Bassier  gives  an  account  of  18  cases  out  of  a creAV  of  78  men,  Avhich 
happened  on  board  the  maii-of-AA'ar  brig  Lc  Lynx,  cruising  off  Cadiz  in 
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'^Vngust  18'J3.  The  heut,  aggravated  l>y  calms,  was  excessive — 1)1'’ to 
IT)  F.  ; the  vessel  small  ami  overcrowded. 

It  is  hardly  possil)le  to  fix  any  j)articular  degree  of  extei'iud  tempera- 
ture as  one  of  excessive  danger,  hecause,  as  before  stated,  the  tolerance 
of  heat  is  very  great  in  persons  in  perfect  health  in  a pure  atmosphere, 
^and  also  in  the  dark-skinned  i-aces ; hut,  under  the  conditions  before 
■mentioned,  the  danger  is  great  when  the  temperature  is  ecpial  to  or 
higher  than  that  of  the  Ijody.  A temperature  of  1 1 0°  or  1 1 5"  F.  or 
higher,  in  very  dry  air  in  motion,  wonld  he  better  tolerated  than  one 
of  90'’  or  95*’  F.  in  an  atmosjdiere  laden  with  moistnrc ; especially  if  it 
he  Autiatcd,  as  in  barracks  or  rooms,  by  human  respiration,  or  telluric 
or  other  miasmas. 

All  who  suffer  do  not  die  ; some  recovei'  perfectly,  hut  many  are 
(permanently  injured,  and  made  unfit  for  service  in  a hot  climate,  or 
. even  become  ]iermanent  im  alids  at  home. 

In  1891  the  numhei's  of  the  European  army  in  India  were  67,030. 

• Of  these  there  were  238  admissions  from  heat-stroke  and  65  death.s. 

In  1892  the  numbers  were  68,162.  There  were  223  admissions  from 
' heat-stroke  and  6 1 deaths. 

In  1891  there  Avere  3137  Avomen  Avith  the  Flnropeaii  army.  Among 
these  thei'e  Avere  2 admissions  and  2 deaths  from  heat-stroke. 

In  1892  there  Averc  3101  Avomen  Avith  the.  army,  hut  no  admissiojis 
: from  heat-stroke ; one  death  out  of  hospital. 

In  1891  there  aa'ci’C  5886  children  Avith  the  FInropean  ai'inv.  There 
Avere  3 admissions  and  2 deaths  from  heat-sti’oke. 

In  1892  there  AA^ere  5762  children  Avith  the  army.  There  Avcre  4 
admissions  and  4 deaths  from  heat-stro-ke. 

The  Native  army  in  1891  numbered  128,600.  There  Avci-e  22 

admissions  and  1 2 deaths  from  heat-stroke. 

In  1892  the  Native  army  numbered  145,340.  There  Avcre  43 

admissions  and  18  deaths  from  heat-stroke. 

In  1891  the  jail  po]>nlation  of  India  numbered  101,019.  'ritcie  Avere 
77  admissions  and  40  deaths  from  heat-stroke. 

In  1892  the  numbeis  AA’cre  103,159.  There  AA^ere  77  admi.ssions  and 
41  deaths  from  heat-stroke. 

The  above  numbers  sheAv  that  the  admission -rate  per  mille  from 
heat-stroke  in  the  European  army  in  India  AA'as,  in  1891,  3‘4  ; in  1892, 
3‘3  ; Avhile  the  death-rate  in  1891  Avas  0‘97  ; in  1892,  0‘90.  Among  the 
Avomen  Avith  the  European  army  the  admission-rate  in  1891  Avas  0T>4  ; 
in  1892,  0;  Avhile  the  death-rate  in  1891  Avas  0'64  ; in  1892,  0 32. ' 
Among  the  children  the  admission-rate  in  1891  AAms  0’5  ; in  1892,  0-7  ; 
Avhile  the  death-rate  in  1891  AA-as  0'34  ; in  1892,  0‘35.  In  the  Native 
army  the  admission-rate  in  1891  AAms  0‘2  ; in  1892,  0'3  ; Avhilc  the  death- 
rate  in  1891  Avas  0'09  ; in  1892,  Odd.  Among  the  jail  population  the 
admission-rate  in  1891  Avas  0'8;  in  1892,  0'7  ; Avhile  the  death-rate  in 
1891  AAms  0’40  ; in  1892,  0’40. 

' The  one  death  Ava.s  out  of  liosyital. 
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The  following  statistics  and  tables  are  taken  from  the  reports  of  the 
Sanitary  Commissioner  with  the  Government  of  India  for  1891  and 
189l> 


Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1891 
and  1892  at  the  different  Ages. 


1 Agi'. 

1 

: 

.. 

24  iiiiil  uiidev 

35  or  ] '06  jier  inille 

26  or  0'76  ])er  inille 

25  to  29  . 

14  or  0'58  ,, 

21  or  0-84  ,, 

.30  to  34  . 

8 or  1-41 

9 or  1 '65  ,. 

: 35  and  u]>wanls 

! 

/ 01’  3 *33  } } 

5 or  2 ‘40  ,, 

J 

Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1891 
and  1892  at  the  different  periods  of  Residence. 


oi'  yervici*. 
j 

ism. 

1 

1JS92.  I 

First  and  second  years 
Tliird  to  liftli  year  . 
Sixtli  to  eighth  year  . 
Flleventh  to  fifteenth  year 
Fifteen  years  and  n])wards 

36  or  1 '74  per  niillc 

18  or  0'59  ,, 

5 or  0'43  ,, 

3 or  1-81 

2 or  3 "27  ,, 

23  or  I’OO  per  inille 
22  or  0'72  ,, 

12  or  1-03 
2 or  1-40 
2 or  3 '85  ,, 

I am  indebted  to  the  Director-General  of  the  Army  Medical  Department, 
Surgeon-General  Keogh,  K.C.B.,  and  to  the  President  of  the  Indian 
Medical  Board,  Surgeon -General  Branfoot,  C.I.E.,  for  the  following 
additional  information  relating  to  the  years  1901,  1902,  and  190.‘1. 
Surgeon-General  Branfoot,  in  reference  to  the  year  1901,  quotes  the 
following  remarks  extracted  from  the  Report  of  the  Sanitary  Coin- 
mis.sioner  with  the  Army  of  India  ; — “The  heat-stroke  death-rate  for 
India  rose,  the  greatest  shares  of  the  increase  being  in  Madras  and  the 
Punjab.  Nowgong,  ]\Ieeanmeer,  and  Benares  had  the  highest  admission 
ratios,  and  Meeanmeer  and  Meerut  the  highest  numbers.  The  ratios  of 
mortality  from  heat-stroke  are  highest  after  thirty  years  of  age,  and 
in  the  earliest  and  latest  jmars  of  service  in  India.  Ko  remarks  of 
etiological  interest  are  made  by  medical  officers.  Washbourn  reports 
that  in  South  Africa  he  never  saw  or  heard  of  a well-marked  case  of 
heat-stroke,  and  considers  this  to  shew  that  something  more  than  the 
actual  heat  of  the  sun  is  necessaiy  for  the  production  of  the  disease, 
and  to  support  the  view  that  the  disease  is  due  to  some  infection.  Griffin 
has  published  an  interesting  case  of  heat-stroke  occurring  at  sea,  and 
Schmidt  has  written  ably  on  the  subject.” 

In  1901  the  numbers  of  the  European  army  in  India  were  60,5r)3. 
There  were  174  admissions  and  40  deaths  from  heat-stroke. 

In  1902  the  numbers  of  the  European  army  were  60,540.  There 
were  171  admissions  and  46  deaths  from  heat-stroke. 
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In  IhO;"?  the  numbers  of  tlie  Kuropean  army  were  t)D,Gl.'5.  Thei'e 
were  .500  ailmissions  and  .50  de.iths  from  heat-stroke. 

In  1901  there  were  2908  women  with  the  Kuropean  army  of  India. 
.\mong  these  there  wei'e  1 admission  and  1 death  from  heat-stioke. 

In  1902  theie  were  255.5  women  with  tlie  European  army.  'I'here 
was  1 adnussion  and  no  deaths. 

In  19o0  there  wei'e  2891  women  with  the  Kuropean  army.  There 
were  5 admissions  ami  2 deaths  from  heat-stroke. 

In  1901  there  were  507G  children  with  the  Enro})ean  army.  'I’here 
were  1 admissions  and  1 death  from  heat-stroke. 

In  1902  there  were  4709  children  with  the  Kni'opean  army, 
was  1 admission  and  no  death  from  heat-stroke. 

In  1903  there  were  4G77  children  with  the  Knrojiean  army, 
were  3 admissions  and  2 deaths  from  heat-stroke. 

In  1901  the  Native  army  in  India  numbered  1 41,727.  'riiere  were 
32  admissions  and  5 deaths  from  heat-stroke. 

In  1902  the  Native  army  numbered  142,88G.  There  were  17 

admissions  and  4 deaths  from  heat-stroke. 

in  1903  the  Native  army  numbered  142,435.  'I'here  were  22 

admissions  and  13  deaths  from  heat-stroke. 

In  1901  the  jail  pojmlation  numbered  121,811. 
admissions  and  73  deaths  from  heat-stroke. 

In  1902  the  jail  population  numbered  114,334. 
admissions  and  29  deaths  from  heat-stroke. 

In  1903  the  jail  population  numbered  101,717. 
admissions  and  40  deaths  from  heat-stroke. 

Surgeon-General  Sir  A.  Keogh  gives  the  following  statistics  of  the 
incidence  of  heat-stroke  among  the  European  troops  stationed  at  home 
and  abroad  for  the  years  1902  and  190.3* ; — 

In  1902  in  the  United  Kingdom  there  were  14  admissions,  no  death. 
In  Gibraltar,  Canada,  Bermuda,  Barbadoes,  West  Africa,  Mauritius,  and 
the  Str.ait  Settlements  there  were  no  admissions.  In  Malta  there  were  2 
admissions  and  1 death.  In  Egyjit  and  Cyjirus  there  were  2 .admissions. 
In  .Jamaica  3 admissions  and  1 de.ath.  In  South  Africa  2 admissions. 
In  Ceylon  7 admissions  and  3 death.s.  In  China  2 admissions.  In  India 
171  admissions  and  4G  deaths.  On  board  ship  39  admi.ssions  and  1 
death.  Total,  242  admissions  and  52  deaths. 


There  were  128 


There  were  1 1 2 


There  were  129 


In  1903  in  the  United 


Kingdom 


there  were  G admissions.  In 


Gibraltar,  Canada,  BaiTadoes,  Jamaica,  AVest  Afric.a,  and  Mauritius  there 
were  no  admissions.  In  Alalta  there  were  4 admissions,  no  death.  In 
Egypt  there  were  4 .admissions  and  2 deaths.  In  Bermuda  2 admissions, 
no  de.ath.  In  South  Africa  43  admissions,  no  de.ath.  In  (’eylon  1 1 
admissions,  2 deaths.  In  China  4 admissions.  In  the  Straits  Settle- 
ments G .admissions,  4 deaths.  In  India  303  .admissions,  53  deaths.  On 
board  ship  2 admissions,  no  death.  Total,  385  admissions  and  G1  deaths. 
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Deaths  from  Heat-stroke  in  the  luiropean  Army  in  India  in  1901,  1902, 
and  1903  at  the  different  periods  of  Kesidence. 


Length  of  SiTvicP. 

T.'Ol. 

. - 

1003. 

Under  1 year 

3 or 

1 '04  per  niille 

15  or  1 

•73  ]>er  niille 

23  or 

1-23  i>er  niille 

1 and  ui>  to  2 years  . 

6 or 

1-62 

i)  or 

•92 

8 or 

*^8  jj 

3 „ . 

8 or 

,, 

2 or 

•31 

3 or 

•38  ,, 

■'t  ,,  4 . 

6 or 

•63 

3 or 

■33  ,, 

1 or 

■16 

2 or 

•23 

4 or 

•48 

4 or 

•50  ,, 

•'>  ,1  10  j) 

12  or 

•76  ,, 

12  or 

•80 

11  or 

•92 

10  years  and  iii>wards  . 

:j  or 

•12  „ 

2 or 

•63  ,, 

3 or 

•92 

Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1901,  1902, 
and  1903  at  the  different  Ages. 


Ago. 

1001. 

100-2. 



Under  20  . . . 

20  to  25 
25  to  .-JO 

30  to  35  . . 

35  to  40  . . . 

40  and  upwards  . 

14  or  '54  jier  niille 
14  or  •.oS 
5 or  -91  r 

5 or  3^33  ,, 

2 or  3-91 

10  or  -45  per  niille 
23  or  -97  ,, 

6 or  -96  ,, 

4 or  2-5 

23  or  -72  ]ier  niille 

20  or  -87  ,, 

5 or  -72  ,, 

3 or  1 -61  ., 

2 or  4 ‘94  , , 

The  statistics  shew  how  the  effects  of  heat  influence  a certain  class 
of  persons  who  are  under  hygienic  control ; reliable  data  thus  being 
afforded  on  Avhich  to  determine^ the  value  of  this  element  of  the  death- 
rate  of  a certain  section  of  the  population  Avhose  vital  statistics  arc 
trustworthy.  In  others  less  protected,  as  in  the  scattered  European, 
Eurasian,  and  immense  native  population,  the  incidence  of  the  disease 
is  often  greater.  In  seasons  Avhen  there  arc  great  accessions  and  waves 
of  heat  all  over  the  world  the  disease  and  tlie  mortality  from  it  increase. 
Sucli  waves  of  high  temperature  recur  at  uncertain  intervals.  No  doul»t 
the  same  obtains  in  other  countries  where  the  climatic  conditions  are 
similar ; it  is  needless,  therefore,  to  produce  further  statistics,  as  the.se 
sufficiently  illustrate  the  subject. 

A number  of  cases  of  hemiplegia  are  repoi'ted  by  the  Sanitary  Coin- 
mis.sioner  Avith  the  Government  of  India,  Avhich  there  is  reason  to  believe 
Avere  also  due  to  attacks  of  insolation  ; but  as  it  is  not  certain  that  all 
Avere  so  caused,  I am  content  to  allude  to  it  generally  as  one  of  the 
possible  re.sults  of  sunstroke. 

Symptomatology  and  Pathology.-  In  addition  to  the  general  dis- 
turbance of  health  Avhich  occurs  in  all  Avho  are  more  or  less  affected  by 
heat  such  as  restlessness,  irritability,  sleei>lessness — the  morbid  con- 
ditions Avhich  are  to  be  attributed  to  the  effects  of  a high  temperature 
are  : — 
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1.  A.  Syiicopo  from  exhaustion,  caused  either  by  the  dii-eot  rays 
of  the  sun  or  a heated  atmospliere  in  tlie  shade,  especially  when  the 
physical  or  mental  powers  are  depressed.  Kngiue-room  men  in  steamei-s 
in  hot  climates ; men  marching,  or  on  parade,  if  oppressed  with  clothes 
or  accoutrements,  or  weakened  by  previous  illness,  or  by  dissipation  ; 
labourers  or  artificers ; men  in  hay-fields  in  England,  or  in  heated  rooms 
and  factories,  in  barracks,  hospitals,  tents,  or  ships,  may  suffer  in  this 
way.  The  condition  is  one  of  depression  ; the  skin  is  cold  and  j)ale, 
and  the  pulse  feeble.  Death  may  occur  from  failure  of  the  hcait,  but 
recovery  is  usual. 

H.  The  exhaustion  aboA^e  described  having  passed  away  may  be 
sticceeded  by  fever,  which  may  assume  an  ardent  ty^je.  The  fever  may, 
after  a certain  duration,  defervesce ; or  it  may  result  in  changes,  the 
consequence  of  damage  done  l)y  the  heat  to  the  cerebiospinal  centres. 
T'hus  a variety  of  morbid  conditions  may  ensue,  dejiending  upon  the 
parts  affected.  Stich  cases  are  often  very  prolonged,  and  the  only  hope 
of  recovery  lies  in  removal  to  a colder  climate. 

When  death  occurs  rapidly  at  the  time  of  the  exposure  it  may  be 
due  to  sudden  cardiac  failure,  as  sheAvn  in  the  experiments  of  Claude 
Hernard  and  Sir  Lauder  Brunton  upon  animals  cxi)osed  to  great  heat. 
When  it  occurs  suddenly,  during  great  exhaustion  or  muscular  action 
with  fatigue,  it  may  l)e  due  to  coagulation  of  the  cardiac  myosiii,  Avhich 
Dr.  ^Vood  of  Bhiladelphia  has  shcAvn  to  be  likely  to  occur  during  any 
great  muscnlar  exertion  at  a much  lower  temperatiu-e  than  usually 
determines  it  Avhen  there  is  no  great  muscular  exertion.  For  exanqile, 
men  fighting  in  a very  high  temj)erature  may  fall  dead  suddenl}'  ; 
but  perhaps  coagulation  of  myosin  is  most  frequently  a post-mortem 
change. 

IT.  The  gravest  and  perhaps  most  fatal  forms  of  sunstroke  occur  as 
a consequence  of  the  general  heating  of  the  whole  body,  blood  and  tissues, 
which  may  happen  either  from  pi-olonged  exposiire  to  the  sun’s  rays  in  a 
heated  atmosphere,  to  a heated  atmosphere  in  the  shade  (occiu-ring,  as  it 
<loes,  by  night  as  Avell  as  b}'  day),  or  to  an  al)normal  thermotaxic  state 
due  to  vasomotor  or  other  heat-regulating  disturbance. 

In  the  first  case  the  effect  of  the  high  temperature  tells  ujion  the 
brain,  Avhich  becomes  heated  to  a degree  incompatible  Avith  due  pei'foini- 
ance  of  its  functions  : this  may  result  in  acute  cerebral  symptoms,  and 
sometimes  in  mania,  rajudly  passing  into  a state  of  a.sphyxia,  if  the 
res])iratory  centres  are  involved  : moie  frequently,  perlia])S,  the  Avhole 
body  becomes  overheated,  the  temperature  rising  to  10fi°,  108°,  or 
110°  F.  AA'hich,  if  not  lapidly  counteracted,  proA^es  destructive  to  life  by 
asphvxia  or  sudden  cardiac  failure,  or  catu  by  cerebral  hannoi'rhage  or 
meningitis. 

In  heat-exhaustion  the  jtrimary  .symptoms  are  those  of  depression. 
The  person  becomes  faint,  jtallid,  Avith  a cold  and  moist  .skin  and  feeble 
pulse,  not  unfrequently  attended  Avith  sickiiess.  The  soldier  on  [larade 
staggers  and  falls  over  in  a faint ; so  Avith  the  orator  Avhen  speaking,  or 
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the  artisan  in  pursuing  his  calling.  This  may  take  place  either  in  the 
sun  or  in  the  shade.  The  condition  is  one  of  syncope,  and  may  approach 
collapse  ; if  reaction  be  not  soon  established  death  may  result  from  cardiac 
failure,  l)ut  this  is  rare.  Recovery  is  generally  complete,  but  when  the 
state  has  occurred  from  direct  application  of  intense  solar  heat  and  glare, 
the  mischief  is  not  always  confined  to  the  transient  shock  or  impression; 
secondary  eiiects,  such  as  vertigo,  muscular  tremors,  and  temporary  loss 
of  power  may  result ; or  a reaction  may  be  followed  V)y  fever,  by 
symptoms  indicating  lesions  of  the  centres,  or  by  cerebral  excitement, 
and  this  may  end  in  mania. 

In  insolation  proper  the  premonitory  sjunptoms  may  appear  some 
hours  or  even  days  before  the  dangerous  symptoms  set  in,  as  the  result 
of  continued  exposure  to  a high  temperature ; although  they  may  occur 
also  in  a much  shorter  period,  as  when  men  are  exposed  in  marching  or 
in  other  occupations  to  a very  high  degi'ee  of  solar  heat,  in  which  case 
some  would  no  doubt  be  affected  by  heat-exhaustion,  whilst  other's  would 
pass  into  a state  of  hyperpyrexia  as  before  described.  These  ai-e  generally 
malaise,  restlessness,  insomnia,  apprehension  of  impending  evil,  })recor- 
dial  anxiety ; hurried,  gasping,  shallow  breathing ; a feeling  of  constric- 
tion round  the  thorax ; vertigo  ; headache,  often  severe  ; nausea,  or  even 
vomiting,  anorexia,  great  thirst,  frequent  micturition,  and  fervent  heat 
of  the  skin.  As  one  or  moi'e  of  these  symptoms  become  aggravated  the 
temperature  rises  to  104°,  106°,  or  even  110°  F.  Dyspnma  and  restless- 
ness increase ; the  head,  face,  neck,  and  skin  of  the  body  generally  be- 
come red  or  livid,  sometimes  dry,  sometimes  moist ; the  pulse  full  and 
labouring,  carotid  pulsation  very  perceptible,  pupils  contracted,  but 
dilating  widely  before  death.  Unconsciousness  i“)asses  into  complete 
coma,  stertor,  and  epileptiform  convulsions ; finally,  relaxation  of  the 
sphincters  and  .suppression  of  urine  precede  death. 

'I'liese  .symptoms  all  indicate  a profound!}'  disturbed  state  of  the 
cerebrospinal  centres  and  a disordered  condition  of  the  blood.  The 
hyperpyrexia  is  incompatible  with  a due  performance  of  their  functions, 
and  death  will  rapidly  result  unless  prompt  aid  be  given  ; indeed,  it 
frequently  does  so  despite  all  treatment.  The  fatal  residt  is  due  to 
asphyxia  and  cardiac  failure.  There  may  be — though  perhaps  rarely — 
meningitis  or  cerebral  haemorrhage  or  effusion,  the  disordered  state  of 
the  blood  not  unfrequently  manifesting  itself  by  petechial  patches  on 
the  body.’ 

The  earlier  stages  of  this  condition  aie  those  of  so-called  thermic  fever. 
A very  high  temperature  may  be  maintained  for  several  days,  and  finally 
defervescence  takes  place  withoitt  evidence  of  any  structural  lesion  ; but 
uidess  active  measures  be  used  and  the  temperature  rapidly  reduced, 

' I have  read  again  with  niucli  attention  Dr.  Sambon’s  tliouglitfnl  and  interesting  eniii- 
ninnication.  Notwitlistanding  the  evidence  lie  produces  and  the  argnnient.s  he  brings  for- 
ward, wliicli  are  entitled  to  much  respect,  I do  not  see  any  reason  for  modification  of  the 
views  here  exiiressed  on  the  subject  of  sunstroke,  nor  any  fresh  grounds  that  would  justify 
me  in  referring  the  various  and  coni])le.x  symptoms  that  characteri.se  that  condition  to  mi 
organism  growing  in  the  soil,  rather  than  to  the  elfects  of  climate  and  temperature. 
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unless,  that  is,  the  causes  which  produce  the  hyperpyrexia  be  mitigated 
or  removed,  the  case  is  apt  to  pass  on  into  the  j>;rave  state,  and  to  ter- 
minate fatally  by  paralysis  of  the  respiratory  centre,  and  in  some 
instances,  though  rarely,  by  cerebral  luemorrhage.  From  the  graver  forms 
some  recover,  but  many  are  pei  manently  injured,  and  become  invalids  for 
life ; life  indeed  is  not  unfrequently  shortened  by  ol)Scure  cci’ebi'al  or 
meningeal  changes  which  affect  the  sufferer  in  varying  degrees  of  foini 
and  intensity,  such  as  epilepsy,  irritability,  impaired  memory,  cephal- 
algia, blindness,  or  deafness,  partial  or  comj)lete  2)aralysis,  dementia  or 
oven  mania.  In  those  who  have  apparently  recovered,  intolerance  of 
the  sun’s  rays  or  even  of  the  heat  of  temperate  climates  may  remain  ; 
or  such  cases  may  after  a long  time  end  in  dementia,  or  epilepsy,  or 
l)oth  ; or  in  chronic  meningitis  with  thickening  of  the  calvaria ; frequent 
or  intense  headache,  general  functional  derangement  and  disordered 
innervation  being  persistent. 

Morbid  Anatomy. — When  death  has  occurred  in  the  syncopal  form 
there  is  not  any  very  obvious  morbid  change.  The  brain  Avith  its  mem- 
branes and  the  lungs  are  sometimes  but  not  always  congested.  The 
venous  trunks  in  the  abdomen  and  also  the  right  cavities  of  the  heart 
may  be  full  of  blood,  Avhich  is  imperfectly  coagulated.  The  abdominal 
viscera  are  congested ; lividity  of  the  body  and  decomposition  come  on 
rapidly  after  and  even  before  death. 

In  death  from  thermic  fever  and  insolation  the  heart  is  sometimes 
found  firmly  contracted — it  maybe  from  coagulation  of  the  myosin  — 
and  the  venous  system  generally  is  engorged.  The  blood  is  dark, 
grumons,  fluid,  and  acid  in  reaction ; the  blood-corpuscles  are  crenated 
and  do  not  rapidly  form  into  rouleaux.  The  body  for  some  time  after 
death  retains  a high  temperature.  In  early  autopsies,  necessary  in  hot 
climates,  the  body  and  viscera  when  opened  feel  pungently  Avarm,  dark 
blood  di'ips  freely  from  the  incision,  rigor  mortis  comes  on  rapidly. 
'I’he  brain  and  membi-anes  are  often  congested.  There  may  be  some 
cereln-al  hremorrhage,  effusion  of  senim  into  the  substance  or  cavities,  or 
signs  of  incipient  meningitis. 

A precise  degree  of  blood-temperathre  incompatible  Avith  life  cannot 
be  defined,  but  the  danger  becomes  very  imminent  at  or  above  108” 
or  109°  F. 

Prophylaxis — Prevention  is  the  great  desidei’atum.  The  clothing 
should  be  very  light,  and  Avoollen  material  should  apA^ays  be  Avorn  next 
the  skin,  as  cotton  or  lineti  Avet  Avith  perspiration  is  very  injurious.  The 
head  and  spine  should  be  protected  from  the  direct  rays  of  the  sun  out 
of  doors  Ijy  a pith  hat  and  a cotton  pad  let  into  the  coat  over  the  back 
of  the  neck  and  spine,  and  by  a good  Avhite  umbrella  lined  Avith  green. 
The  clothing  shouhl  be  loose,  not  constricting  the  neck  or  any  part  of  the 
body.  Indoors  the  temperature  should  be  reduced  by  the  use  of  therm- 
antidotes,  punkah.s,  electric  fairs,  or  other  artificial  means  of  cooling  ; free 
ventilation  should  be  insisted  on,  and  a sufficient  amount  of  cuIhc  space — 
not  less  than  1000  to  1200  cubic  feet  per  head — in  sleeping  rooms. 
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biUTacks,  and  so  on.  louring  the  hot,  still  nights  — a most  dangerous 
time — the  foi’egoing  precautions  are  especially  necessary-. 

Excessive  fatigue,  excitement,  or  depression  should  l)e  alike  avoided, 
though  a moderate  degree  of  exercise,  physical  and  mental,  is  desirable 
during  the  cooler  hours  of  the  day.  A short  sleep  during  the  course  of 
the  day  is  also  to  be  encouraged. 

For  soldiers  all  drills  not  al)solutely  necessary  should  be  avoided,  if 
they  must  mai-ch  during  the  hot  Aveather  it  should  be  in  the  early  hours 
of  the  morning.  Frequent  halts  should  be  alloAved,  and  coffee  and  a 
biscuit  sei'ved  out.  Plenty  of  water  should  be  carried  and  be  readily 
available.  The  dress  should  l>e  light  and  loose,  and  all  cojistriction  cai-e- 
fully  avoided.  The  halts  should  be  in  the  most  sheltered  places  that  can 
be  found,  with  plenty  of  fresh  air — such  as  open  topes  of  trees.  The 
accoutrements  should  be  as  light  as  possil)le,  so  as  to  sj)are  fatigue  and 
exhaustion.  Men  falling  out  should  be  attended  to  immediately  by  the 
medical  officer.  Marches  and  drills  in  the  great  heat  should  be  as  short 
as  the  exigencies  of  the  service  will  permit. 

Moderation  of  diet  is  especially  to  be  enjoined.  Very  little  animal 
food  should  be  taken ; the  food,  whilst  sufficient!)"  nutritious,  should  be 
light  and  unstimulating.  Iced  water  should  be  drunk  freely  and  fi-e- 
quently,  and  the  greatest  moderation  in  the  use  of  stimulants  .should  be 
observed.  Excesses  in  eating,  driid<ing,  or  .smoking  are  especially  to  be 
deprecated.  The  cold  bath  may  be  freely  used.  In  short,  icgnlarity 
and  moderation  in  all  things,  and  careful  attention  to  the  state  of  the 
bowels,  Avhich  should  never  be  alloAved  to  be  confined,  are  essential.  No 
one  is  more  likely  to  suffer  from  the  ill  effects  of  heat  than  he  avIio  has 
undergone  mental  or  physical  exhaustion,  or  has  suffered  from  intemper- 
ance in  food  or  alcoholic  drinks.  Healthy  persons  who  lead  regular  lives 
and  observe  such  precautions  will  tolerate  a degree  of  heat  Avliich  would 
hardly  be  deemed  credifde. 

Treatment. — In  .simj)le  heat-exhaustion,  remove  the  patient  to  a cool 
place  in  the  shade  or  ijito  the  open  .air,  according  to  circumstances. 
Remove  all  opjAressive  or  tight  clothing.  Dash  cold  Avater  on  the  head 
and  chest  so  as  to  rouse  but  not  depress.  If  necessary,  give  a stimulant 
and  apply  ammonia  to  the  nostrils.  If  depression  continue,  administer 
stimulants  and  restoratives ; let  the  patient  avoid  exei'tion  or  exposure 
to  heat  as  much  as  po.ssible.  In  the  steamers  in  the  Red  Sea  and  Indian 
Ocean  stokers,  usually  Africans,  are  sometimes  brought  up  from  the 
furnaces  uncotiscious  from  heat-exhaustion,  but  are  generally  quickly 
restor(!d  by  the  fresh  air,  T)y  dashing  cold  Avater  on  their  bodies,  or  by 
giving  a little  stimulant. 

If  a man  be  struck  doAA-n  by  the  beating  of  the  hot  sun  on  his  head, 
apply  the  cold  douche  freely  to  the  head  ; if  there  be  rise  of  temperature, 
'*^pply  to  the  head,  but  not  for  too  long  a time.  The  object  is  two- 
fold, to  rouse  by  reflex  action  and  to  T'cduce  temperatui-e. 

At  the  capture  of  Rangoon  in  1852,  numbers  of  men  under  my  ob.ser- 
vation  Avere  struck  doAvn  by  the  sun,  some  simply  from  heat-e.xhaustion. 
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'I'hey  were  clad  in  the  thick  red  coats  and  leatlier  stocks  worn  in  India  in 
those  days.  In  others,  apparently,  the  c.xhaustion  was  combined  with 
the  direct  etlects  of  the  sun  upon  the  head  and  spine.  They  Avere  ali 
douched  with  cold  water  and  placed  in  the  shade  in  the  Field  Hospital. 
All  but  two  recovered  ; these  two  were  bled  on  the  field  where  they  fell, 
and  never  regained  consciousness.  By  recovery  is  meant  a favourable 
I'caction  at  the  time  ; in  some  there  were  consecutive  symptoms  of  fe\  er 
ami  cerebral  disturbance ; they  were  sent  away  to  a Depot  hos{)ital,  and 
if  their  history  could  be  traced,  it  would  probably  be  found  that  i)i  some 
of  them  complete  I’ecovery  never  took  place.  Exposure  to  the  sun’s  rays 
should  be  carefully  guarded  against,  and  unless  lecovcry  be  rapid  and 
complete,  a coldei'  climate  should  be  sought,  where  the  same  })recautions 
must  be  continued. 

la  thermic  fever  or  insolation  the  object  is  to  I'educe  the  temperature 
before  more  serious  or  fatal  consequences  appeal-.  For  this  pui-])Ose 
quinine  in  doses  of  5 grains,  or  even  more  up  to  10  grains  of  hydrochloride 
or  sulphate,  may  be  given  in  solution  by  the  mouth,  every  three  hours  ; 
or  the  equivalent  in  the  form  of  a hypodermic  injection  may  be  given 
and  continued  until  an  impression  is  produced.  Morphine  has  also  been 
suggested,  but  this  practice  seems  questionable.  Bleeding  should  not  be 
resorted  to  except  in  special  cases.  In  asphyxia,  where  the  right  heai  t is 
overloaded,  it  may  be  expedient  as  a choice  of  evils.  As  a general  rule 
it  has  been  abandoned,  for  although  it  may  have  apjjeared  at  first  to  pro- 
duce a favourable  impression,  subsequent  results  have  not  justified  it  as 
a general  pi-actice.  No  absolute  canon  of  procedure  can  be  laid  down 
with  reference  to  bleeding  in  this  disease ; each  case  must  be  dealt  with 
on  its  own  merits.  All  that  can  be  said  here  is  that  it  is  not  desirable 
as  a general  rule.  Should  the  quinine  not  be  effective  in  reducing  the 
temperature,  antipyrin,  phenacetin,  antifebrin,  aconite,  oi-  acetate  of 
ammonia  may  be  tried. 

The  cold  bath,  cold  affusions,  and  application  of  ice  to  the  head — 
which  should  be  shaved — and  to  the  body,  should  also  be  resoi  ted  to, 
care  being  taken  not  to  prolong  the  cooling  until  too  great  depression  be 
profluced — that  is,  not  below  100'’  F.  The  boAvels  should  bo  relieved 
l)y  calomel,  colocynth,  and  .saline  purgatives,  and  by  enemas ; care  being- 
taken  that  sufficient  daily  action  be  maintained.  In  the  epileptiform 
convulsions  which  sometimes  occur  the  cautious  iidialation  of  chloroform 
may  be  resorted  to.  I have  seen  good  results  from  its  use.  Blisters  are 
sometimes  applied  to  the  nape  of  the  neck,  but  it  seems  donbtful  whether, 
in  the  early  stages  at  any  rate,  they  can  be  of  much  use,  if  any.  Ta'ght 
and  unstimulating  diet  should  be  given  in  small  quantities  at  tolei-ably 
frequent  intervals.  This  antipyretic  treatment  must  bo  continued  as 
long  as  a high  temperature  lasts,  to  obviate  the  imminent  risk  of  death 
or  of  ti.s.sue-changes  which  may  be  permanently  injurious.  As  the  case 
proceeds,  if  symptoms  of  cerebral  or  meningeal  mischief  supervene, 
iodide  and  bromide  of  potassium  and  counter-irritation  may  be  of  service. 

It  is  essential  that  perfect  rest  of  mind  and  body  should  be  main- 
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taiued.  When  insomnia  is  distressing,  hypnotics  may  be  useful ; they 
must  be  given  with  great  caution,  and  without  opium  if  it  can  be 
avoided.  Restriction  should  be  imposed  upon  the  use  of  alcoholic 
stimulants.  The  amount,  if  any,  that  may  be  given  must  depend  upon 
the  previous  habits  as  well  as  the  present  condition  of  the  patient.  Here, 
again,  the  j)hysician  must  be  guided  by  the  special  indications  of  the  ca.se 
before  him.  Precautions  should  be  continued,  not  only  when  recovery 
has  set  in,  but  even  for  some  time  after  it  is  apparently  coni[)lete ; for 
certain  indications  of  latent  chronic  mischief  will  probably  remain,  such 
as  loss  of  memory,  irritability,  headache,  inability  to  concenti-ate  the 
thoughts,  intolerance  of  heat,  or  of  the  slightest  exposure  to  the  sun  or 
even  of  the  temj)erature  of  an  overheated  room.  Not  until  these  have 
completely  disappeai'cd  can  a return  to  India  or  any  other  hot  climate 
be  permitted  with  any  propriety  or  prospect  of  future  health.  I repeat 
that  frequently,  indeed,  a jJatient  can  never  return  to  a hot  climate  at  all. 

It  seems  hardly  necessary  to  say  that  cases  of  this  kind  shoidd  be 
removed  from  a hot  climate  to  a colder  one  as  soon  as  travelling  can 
safely  be  permitted,  and  that  the  sufferers  should  be  carefully  watched 
on  their  way  home.  Neglect  of  this  precaution  has  resulted  in  self- 
destruction  during  the  mental  aberration  that  .sometimes  follows. 

The  sequels  of  sunstroke  occasionally  assume  a sei  ious  charactei',  and 
are  the  cause  of  permanent  disability^  to  the  patient  and  a source  of  much 
anxiety  to  his  friends.  The  slighter  forms  of  meningitis  and  of  cerebral 
mischief  not  unfrcquently  pass  away  after  proti-acted  lesidence  in  a 
temperate  climate,  but  they  are  also  not  unfrequently  permanent,  awd 
endangei'  or  shcu-ten  life,  causing  such  physical  or  mental  disability  jis 
epilepsy,  partial  paralysis,  mania,  chronic  dementia,  impaired  memory, 
and  inability  for  mental  concentration — sad  examples  of  the  evil  effects 
of  a tropical  or  hot  climate. 

Treatment  will  depend  upon  the  nature  aud  extent  of  such  mi.schief. 
'fhese  vary  so  much  as  to  render  it  impossible  to  give  more  definite 
directions  here,  and  the  reader  is  referred  to  the  special  articles  in  this 
System  on  Cerebrospinal  and  Mental  Di.seases. 

J.  Fayrkp.. 
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SNAKE-POISON  AND  SNAKE-PITE 

By  CiiAULKs  J.  Mautix,  il.  B.,  D.Sc.,  F. li.iS. , and  Major  Geougk  Lami!,  M.  I).,  l.M.S. 

KNOMOUS  snakes  are  found  almost  all  over  the  temperate  and  tropical 
I regions  of  the  world,  with  the  exception  of  New  Zealand  and  the  Oceani(; 
! Islands.  They  are  divided  by  naturalists  into  two  main  classes— 

( (i.)  poisonous  colnbrine  snakes  ; (ii.)  viperine  snakes.  These  two  classes 
: present  differences  in  structure,  and  also  in  the  properties  and  toxic 
: action  of  their  poisons. 

Distribution  of  Poisonous  Snakes. — The  followiim  is  a list  of  the 

o 

better-known  and  more  dangerous  poisonous  snakes  arranged  according 
to  their  geographical  distribution.^ 

Europe. — ISmall  vipers  or  adders  ( herua,  V.  aspis,  E.  ammodytes) 
are  found  on  the  continent  of  Europe,  and  E.  herus  occurs  in  England. 
These  small  reptiles,  which  are  very  })lentiful  in  some  j)arts  of  Europe 
Haute  Saone  in  France),  are  on  account  of  their  small  size  seldom 
dangerous  to  man ; but  the  bite  of  one  is  followed  b}^  sevei  e sj’inptoms, 
and  according  to  Bottinger,  who  collected  010  cases  of  viper-bite,  10  per 
cent  Avere  fatal.  Most  of  tlie  fatal  cases  were  piobably  in  children. 

India,  China,  and  Southern  Ada. — In  Asia  are  found  the  most  deadly 
of  the  poisonous  colnbrine  snakes,  the  cobra,  Xaja  tripudum!^,  and  the 
hamadryas  or  king  cobra,  NajiV  hnn(jaru>(,  and  the  kraits,  Enuyams 
aenileus  and  B.  J'a.mafu.i.  There  are  also  several  species  of  viper,  among 
which  the  daboia,  rus^ellii,  and  the  phoorsa,  Echis  carinafa,  aie  the 
most  deadly. 

,/7?i6'nca.— The  important  poisonous  snakes  of  the  American  continent 
all  belong  to  the  Viperidae,  and  are  representatives  of  the  sul)-family 
Clrotalinaj.  In  North  America  arc  various  species  of  rattlesnake,  Crofalm 
terrijicns,  C.  scutulahi.^,  C.  durisaus  and  C.  Imiidus,  and  the  co})p(*i'head 
Ancistrodon  contorfrir,  and  the  moccasin,  A.  pi'^droruff.  In  .South  America 
a number  of  different  sjjccies  of  the  genus  Jjachesis  (L.  rnvius,  L.  kmceolatua, 
L.  atro.r)  are  found,  many  of  which  reach  a size  of  four  or  five  feet  oi- 
even  more.  Of  these  the  Fer  de  lance,  />.  kmceolatu/f,  is  perhaps  the  best 
known.  Crofalua  terrijicns  also  occurs  in  Brazil  and  Nor'thern  Argentina. 

Africa.— \n  the  North  of  Africa  a species  of  cobra,  Naja,  haja,  is 
common  ; and  two  vipers.  Cerastes  cornutus  and  Echis  carinafa,  are  rcspoii 
sible  for  a number  of  deaths. 

In  the  South  ai-e  found  another  species  of  col)ra,  Naja  Jlava,  and  two 
vipers,  Causus  rhomheatus  and  Bitis  arietans  the  puff-adder. 

In  Australia  and  Tasmania  are  a large  number  of  species  of  venomous 

1 The  noniencl.Atiire  iulopted  in  thi.s  article  i.s  that  given  liy  Mr.  Bonlenger  in  liis  Catalogue 
of  Snake-f,  British  Museum  oi' Natural  History,  vol.  iii.,  1896,  to  whom  we  are  indebted  foi 
a.ssi.stance  with  regard  to  the  distribution  of  snakes. 
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sii;ike.s,  all  of  which  belong  to  the  Colubridie,  although  the  dealh-addei-, 
Aaiiithophis  antarcticns,  simulates  a viper  by  its  appearance.  The  principal 
species  dangerous  to  man  are — Xotechis  scntatus,  the  tiger  snake ; 
Ik'iiisoiiia  superba,  the  copperhead ; Acanfhophis  antarcticus,  the  death- 
adder  ; Diemenia  te.rtilis,  the  brown  snake ; and  Notechis  pseudechis,  the 
black  snake. 

Sm-Smkes. — The  Hydrophin?e  are  all  poisonous.  With  the  exception 
of  riatarus  they  live  entirely  in  the  water,  their  tails  being  flattened 
like  that  of  an  eel.  They  are  common  in  the  tropical  and  subtropical 
seas  of  the  Indian  and  I’acific  Oceans. 

Poison  Apparatus  and  Mechanism  of  Bite. — The  poison  is  secreted 
by  the  cells  of  a racemose  gland,  possessing  large  alveoli  which  serve 
as  a receptacle  for  the  venom.  The  glands,  one  on  each  side  of  the 
head,  are  placed  behind  the  orbit.  In  an  adult  cobra  they  ai'e  about 
the  size  of  a large  almond.  The  gland  is  the  homologue  of  the  parotid 
salivary  gland  in  other  vertebrates.  They  are  subcutaneous,  with  the 
exception  of  the  superior  portion  of  their  external  surface.  Each  is 
enveloped  in  a dense  capsule  of  fibrous  tissue,  from  which  two  strong 
fascial  processes  extend  anteriorly  and  posteriorly,  so  as  to  fix  it  securel}^ 
both  in  front  and  behind.  The  gland  is  in  intimate  relation  with  the 
masseter  muscle,  which  consists  of  two  portions ; the  superior  portion 
arises  from  the  external  surface  of  the  post-orbital  bone,  the  ridge 
of  the  parietal,  and  the  crest  of  the  exoccipital,  and  is  inserted 
into  the  external  surface  of  the  gland-capsule ; the  inferior  portion 
arises  as  a flat  tendon  from  the  upper  part  of  the  posterior  half 
of  the  internal  surface  of  the  gland,  and  passes  downwanls  deep  to  the 
gland,  to  be  inserted  into  the  mtindilde  and  dentary.  When  the  snake 
bites,  the  gland  is,  owing  to  the  peculiar  insertion  of  the  masseter. 
powerfully  wrung,  and  the  poi.son  expressed  into  the  duct,  much  in  the 
same  way  as  ojie  expresses  moisture  from  the  pores  of  a cloth  by  twist- 
ing it.  That  the  muscle  does  indeed  act  in  this  way  can  be  seen  in  the 
recently  severed  head  by  stimulating  its  nerve  with  a faradic  cui'rent. 
A large  lymph-space  surrounds  the  gland  and  so  permits  of  this  twisting. 
From  the  anterior  margin  of  the  gland  the  duct  passes  forward  along 
the  side  of  the  upper  jaw.  Just  in  front  of  the  fang  it  doubles  on  itself 
so  as  to  open  by  a small  papilla  on  the  anterior  wall  of  the  sheath  of 
mucous  membrane  which  embraces  the  base  of  the  tooth.  The  gland- 
duct  is  composed  of  fibrous  tissue,  and  is  lined  with  epithelium.  Numerous 
small  gland-alveoli  open  along  its  course.  Weir  Mitchell  found  a muscular 
sphincter  in  the  course  of  the  duct  in  crotalus ; but  in  other  species  no 
muscular  tissue  has  been  observed. 

The  fang,  except  in  some  of  the  sea-snakes,  is  a functional  tul)e  with 
the  proximal  opening  on  the  anterior  surface  near  the  base  and  the 
distal  opening  on  the  same  surface  within  a short  distance  of  the  point. 
In  the  centre  is  a jmlp-cavity  containing  vessels  and  nerves.  During 
the  development  of  the  poison-fang  it  first  becoines  flattened  antero- 
posteriorly ; ridges  then  arise  on  the  anterior  surface,  which,  by  a 
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■suhscciuent  folding-  of  the  -whole  tootli,  are  brought  into  contact  and 
coalesce.  Thus  there  are  now  two  cavities  iu  the  fang,  a round  j)oison 
canal,  and  a horse-shoe-shaped  pulp  cavity.  This  folding  over  is  incom- 
plete near  the  base  and  point  of  the  tooth.  In  ordinary  circnnistances 
the  fangs  project  downwards  and  more  or  less  backwards,  iind  are  almost 
completely  covered  up  by  a shetith  of  mucous  membrane  {variina  denfis). 
When  the  animal  is  about  to  strike  they  become  erect,  Diilerent 
•snakes  vary  very  greatly  as  regards  the  angle  through  which  they  can 
move  the  maxillary  bone  and  with  it  the  poison-fang.  Snakes  in  which 
very  lottg  fangs  are  found  (Viperidae)  can  do  this  to  a very  consider- 
lable  extent ; in  the  colubrines  this  movement  is  relatively  insignifi- 
cant. 

The  upper  jaw  is  formed  of  the  pteiygoid  behind,  and  in  front  by 
: two  bars  which  diverge  at  a slight  angle.  The  intei  nal  of  these  bars  is 
•the  palatine,  the  external  the  transverse  with  the  maxilla  in  front,  to 
which  last  the  poison-fang  is'  attached. 

The  maxilla  is  fixed  anteriorly  to  the  convex  inferior  surface  of  the 
pra3-frontal  by  a joint  which  permits  of  a certain  amount  of  gliding,  and 
: the  posterior  surface  of  the  pterygoid  is  connected  by  a ligament  to  the 
• ([uaclrato-mandibular  joint.  The  whole  bar  is  freely  movable  in  an 
' antero-postei'ior  direction.  When  the  pterygo-transverse  bar  is  moved 
forwatcls,  the  maxilla  is  pushed  forward.  The  forward  movement  of 
' the  maxilla  is,  however,  soon  stojiped  by  a strong  ligament  attaching  it 
to  the  prae-frontal.  If  now  the  pterygoid  and  transverse  advance 
further,  bending  occurs  at  the  joint  between  the  transverse  and  the 
maxilla,  the  latter  rotates  with  its  lacrimal  attachment  as  a fixed  point, 
and  the  buig  ]>resents  in  a still  more  forwaid  direction.  The  pulling 
forward  of  the  pterygoid  bar  is  in  all  cases  perfoi-med  by  the  spheno- 
pterygoid  and  parieto-pterygoid  muscles. 

Except  when  the  snake  is  pre[)ared  to  strike,  the  poison-channel 
from  the  gland-duct  to  the  fang  is  not  completed.  As  aheady  men- 
tioned, the  duct  opens  on  a papilla,  which  is  situated  on  the  anteiior 
surface  of  the  sheath  of  mucous  membrane  which  embraces  the  fang 
{ra/iiria  dentvs).  To  complete  the  channel  it  is  necessary  that  this  papilla 
be  brought  into  apposition  with  the  opening  of  the  poison-canal  at  the 
base  of  the  fang.  This  apposition  of  tlie  oi-ifice  of  the  ])oison-duct  with 
the  hole  in  the  fang  is  brousht  about  with  wonderful  exactness,  and  in 
all  our  experience  we  can  only  recollect  two  instances  in  which  the 
connexion  at  this  point  was  leaky.  It  is  accomplished  in  Australian 
snakes  partly  by  the  j)ulling  forward  of  the  anterior  sitiface  of  the  fang 
against  the  opening  of  the  duct,  in  the  erectioii  of  the  former  as  described 
above,  and  partly  by  pulling  the  mucous  sheath  backwards  tightly  against 
the  tooth.  This  latter  is  accomplished  precisely  at  the  light  moment, 
for  one  of  the  most  impoi-tant  muscles  in  closing  the  jaws  upon  any 
object  bitten,  the  internal  pterygoid,  sends  off  two  small  tendinous 
processes  which  are  inserted  into  this  mucous  sheath  on  each  side  of  the 
tooth,  so  that  the  harder  the  reptile  bites  the  tighter  the  ])apilla  is 
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pulled  into  the  proximal  aperuire  of  the  fang  canal.  Ihe  aperture  is  l)y 
this  means  actually  corked.  hen  the  snake  strikes  it  closes  its  jaws 
like  a dog  on  the  part  bitten.  Thus  the  poison  is  discharged  at  the 
moment  the  fangs  penetrate  the  skin. 

The  Effects  of  various  Reagents  on  the  Toxic  Properties  of  Venoms. 
— Reagents  which  jirecipitate  proteids  in  an  insoluble  form,  or  destroy 
them — such  as  platinum  or  gold  chloride,  silver  nitrate,  nitric  acid  in 
e.xcess,  or  permanganate  of  potash,- — render  venoms  inert.  Solutions  of 
the  hypocldorites  have  the  same  effect.  Carbolic  acid  if  allowed  to 
remain  in  contact  with  dilute  venom  for  twenty-four  hours  destroys  its 
virulence.  Prolonged  action  (forty-eight  hours)  of  caustic  potash  or  soda 
also  destroys  venoms.  Gastric  digestion  does  not  affect  cobra-venom 
nor  pseudechis- venom.  Weir  Mitchell  states  that  gastric  digestion 
destroys  the  power  of  crotalus- venom.  Fontana  found  the  poison  of 

the  European  viper  to  be  unatfected  by  this  means.  All  venoms  are 
destroyed  by  pancreatic  digestion. 

Under  a variety  of  conditions  the  toxins  of  venoms  undei’go  changes 
whereby  their  toxicity  is  diminished  or  lost,  whereas  the  power  of 
combining  with  the  corresponding  antitoxin  is  maintained  (toxoid 
formation).  This  was  first  pointed  out  by  Drs.  Myers  and  Stephens. 
Flexner  and  Noguchi  have  made  some  most  interesting  experiments 
on  the  formation  of  toxoids  from  the  natural  venoms.  Working  with 
the  venoms  of  the  cobra  and  of  the  rattlesnake,  they  found  that  the 
neurotoxin  was  converted  into  to.xoid  by  keeping  a sterile  solution  of  the 
poison  for  some  time  at  room-temperature  ; this  change  took  place  more 
rapidly  when  the  solution  Avas  kept  at  37°  C.  The  hpemolysin  also 
undergoes  rapid  toxoid  formation  when  the  venom  solution  is  kept  at 
37°  C.  Such  treatment  has,  however,  no  effect  on  the  hmmorrhagin,  the 
constituent  of  crotalus-venom  which  is  responsible  for  the  severe  local 
I'eaction  and  for  the  haemorrhages,  and  which  these  observers  consider  to 
be  of  the  nature  of  a cytolysin  for  the  endothelium  of  the  ca|)illary  and 
arteriole  walls.  If,  hoA\-ever,  crotalus-poison  be  treated  Avith  hydrochloric 
acid  in  Aveak  solution,  namely  0'2  to  1 ])er  cent,  there  is  a marked 
diminution  of  activity  of  the  haemorrhagin  constituent ; this  diminution 
is  of  the  nature  of  a toxoid  formation,  since  by  injecting  rabbits  Avith  a 
venom  solution  heated  in  this  Avay  a fairly  strong  anti -haemorrhagin 
serum  could  be  prepared.  Similarly  by  treating  crotalu.s-venom  Avith  a 
solution  of  iodine  trichloride  (0‘2  per  cent)  toxoid  formation  of  the 
haemorrhagin  was  obtained.  Cobra  and  dal)oia  poisons  treated  in  the 
same  Avay  Avith  iodine  trichloride  failed  entirely  to  yield  any  toxoids,  the 
poisons  being  completely  destroyed. 

Separation  of  the  Poisonous  Constituents  of  a Venom. — The  different 
toxins,  a mixture  of  Avhich  constitutes  a particular  A^enom,  have  in  some 
cases  been  separated  from  one  another.  This  has  been  accomplished  in 
several  Avays. 

(1)  Heating  to  70°  to  100°  C.,  according  to  the  particular  venom. 
Fibrin-ferments,  haunorrhagins,  and  some-  neurotoxins  are  destroyed  at 
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75  -S0\  whereas  other  neurotoxins  and  some  ha'inol^’sins,  c.ij.  eo))ia, 
withstand  l)oiling. 

(•J)  Dialysis  or  hltering  through  a gelatin  Hlter  supported  in  the 
pores  of  a Pastenr-Chambcrland  candle,  e.<j.  fibrin-ferments  and  luemor- 
rhagins  do  not  dialyse. 

(3)  Tlic  lunmolysins  may  be  separated  from  nenrotoxins  and  tlie  other 
cytolysins  by  digestion  with  red  blood-cells  in  the  presence  of  serum 
previously  heated  to  56°  C. ; and  the  cytolysins  for  any  given  oiganic  cell 
of  an  animal  may  be  abstracted  from  a venom  by  digesting  it  at  0°  ( 
with  an  emulsion  of  such  cells.  In  the  same  way  it  has  been  found 
that  the  neurotoxin  is  absorbed  by  brain-cells  (Flexner  and  Noguchi). 

(-1)  The  hicmolysin  of  cobra-poison  can  be  separated  from  the  nemo 
toxin  by  shaking  a solution  of  venom  with  lecithin  dissolved  in  chloro 
form.  The  hsemolysin  combines  with  the  lecithin  to  form  an  acti^■c 
lecithide,  which  dissolves  in  the  chloroform  and  can  be  sul)sequentl3' 
])recipitated  by  ether;  the  neurotoxin  remains  in  the  watery  solution. 
The  cobra  lecithide  is  strongly  haemolytic  for  the  red  cells  of  all  species 
with  which  it  has  been  tried.  Its  action  is  very  rapid ; in  concen- 
trate<l  solution  almost  instantaneous.  It  is  not  damaged  by  heating 
at  100°  C.  for  six  hours,  and  is  much  less  influenced  by  a colwa-venom 
anti-serum  than  the  luemolysin  of  the  original  poison. 

'fhe  watery  portion  separated  out  by  centrifuging  contains  the 
ueimotoxic  constituent  of  the  venom  quite  free  from  haemolysin.  Jacoby 
has  immunised  a rabbit  with  this  neurotoxin  and  has  obtained  a serum 
which  has  a weak  neutralising  action  on  the  neurotoxin  of  the  original 
venom.  Working  in  the  same  way  with  several  other  venoms,  Kyes  has 
been  able  to  ])repare  haemolytic  lecithides  ; that  is  to  say,  compounds  of 
lecithin  with  the  haemolytic  constituent  of  the  venom. 

The  Toxie  Value  of  Venoms. — Different  venoms  vary  greatly  as 
regards  their  degree  of  toxicity  : also  the  minimum  lethal  dose  of  ain- 
given  poison  varies  somewhat  for  different  animals  weight  for  weight. 

Sir  T.  R.  Fraser  and  iNfajor  Elliot  found  that  if  the  minimal  lethal 
dose  of  cobra-venom  per  kilogramme  of  body-weight  for  rats  be  taken  as 
unity,  that  for  rabbits  = D2  and  that  for  cats  = 20,  whereas  the  minimal 
lethal  dose  of  the  venom  of  a sea-snake,  Enhiidrina  ralakadien,  the  action  of 
which  is  very  similar  to  that  of  cobra-poison,  shewed  a totally  different 
relationship  for  the  same  three  animals.  In  this  case  the  lethal  dose  was 
less  per  100  grammes  for  rabbits  than  for  rats,  and  if  the  minimum  for 
rabbits  were  expressed  as  unity  that  foi-  rats  was  Df)  and  for  cats  3'3. 
Sir  T.  R.  Fraser  and  Major  Elliot  regard  these  results  as  indicating  a 
material  difference  in  the  constitution  of  the  two  venoms,  notwithstand- 
ing the  similarity  of  their  physiological  action.  The  following  table 
shews  the  minimum  lethal  dose  of  some  of  the  more  im])ortant  poisons 
for  the  rabbit  expressed  in  milligrammes  per  kilogramme  of  weight.  In 
making  such  comparisons  it  is  important  that  only  venoms  derived  from 
recently  captured  snakes  be  employed  ; for  in  confinement,  not- 
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withstanding  forced  feeding,  their  poison  soon  shews  a falling  oil  not 
oidy  in  total  amount  and  in  concentration  but  also  in  the  toxicity  of  the 
di'ied  residue.  On  this  account  the  figures  in  the  table  l>elow  must  be 
regarded  as  approximate  only. 


Species  of  Snake 

By  Subcutaneous 
Injection. 

' 

By  Intravenous 
Injection. 

India — Naja  tripudians 

0'35  milligramraes 

Naja  bungarus  .... 

0-3.5 

... 

Bungarus  creruleus 

0-08 

0-04  milligrammes 

Biuiganis  fasciatus 

2-5-3 

0-7 

Biiliydrina  valakadieii  . 

0-05 

Aiisiralia — Notecliis  scutatns  . 

0-05 

Diemenia  tcxtili.s 

0-2 

Aeauthophi.s  antarcticus 

0-2 

Notecliis  pseudecliis 

0-6 

... 

India  — Daboia  russellii 

1-2 

0-1  milligrammes 

Echis  carinata  .... 

1-2 

0-05 

Lachesis  graniineus 

2 

America — Crotalus  durissus 

... 

0-25 

The  most  toxic  venoms  are  evidently  those  of  the  Australian  tiger 
snake  and  the  sea-snake,  Enliijdmm  mlakadien,  then  comes  that  of  the 
krait,  B.  ccerideiis.  The  least  toxic  are  those  of  the  banded  krait  and 
the  green  pit-viper. 

Description  of  Venoms. — To  obtain  venom  in  a pure  state  for  pur- 
])Oses  of  chemical  examination  and  expeiimental  inquiiy,  the  best  method 
is  to  allow  the  snake  to  bite  an  ordinaiy  large  watch-glass  which  has  been 
covered  with  thin  rubber  sheeting,  such  as  dentists  use.  The  fangs 
l)enetrate  the  rubber  and  all  contamination  by  the  secretions  of  the  mouth 
is  effectually  prevented.  Collected  in  this  way  the  amount  of  dried 
venom  which  a recently  captured  adult  cobra  yields  varies  from  'COO  to 
IT 00  c.c.  containing  200  to  370  milligrammes  of  solid  matter;  a large 
daboia  yields  about  the  same  quantity  of  liquid  venom,  namely,  from  ‘6 
to  1 C.C.,  but  containing  less  solid  matter — -l-SO  to  2.50  milligrammes; 
the  <iuaTxtity  of  poison  obtained  from  the  smaller  Indian  snakes,  such 
as  the  krait  and  the  phoorsa,  is  veiy  much  less.  Calmette  obtained  the  | 
following  yields  of  poisoji  from  snakes  in  captivit}’ ; — 4 


Variety  of  Snake. 

Weight  in  Milligramines, 
as  discharged. 

Weight  in  Milligrammes, 
dried.  i 

Lachesis  (medium  size) 

320 

127  ; 

Crotalus  (large)  .... 

370 

105 

Cerastes  ...... 

123 

27 

One  of  us  (C.  J.  M.)  found  the  maximum  yield  of  two  species 
of  Australian  snakes  to  be  : — 
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AA'eight  in  .Alilli^rammes, 
as  discharged. 

AA’eight  in  Milligrammes, 
dried. 

! 

Australia))  tiger  snake 

20b 

73 

{A^otechis  scutatus) 

1 

A)istraliaii  black  snake 

160 

94 

( Atofeehis  psendech  is) 

J I 


If  a snake  he  kept  foi’  some  time  in  captivity  and  the  poison  extracted 
{ regularly,  the  amount  of  venom  that  can  be  obtained  by  this  method  is 
I'  considerably  diminished,  so  that  after  some  months’  incarceration  perhaps 
I only  thirty  or  forty  milligrammes  can  be  got  fi’om  a full-sized  cobra. 

Snake-poison  is  in  most  instances  a clear  limpid  fluid  of  a pale  sti'aw 
or  yellow  colour.  Some  venoms,  however,  such  as  that  of  Edm  cariiinla, 
I have  always  a certain  amount  of  suspendetl  matter.  The  colour  varies  Avilli 
; the  degree  of  pigmentatioii  of  the  snake,  ami  also  with  the  concentration 
I of  the  venom.  The  reaction  of  the  venom  is  almost  invariably  acid.  'J'he 
I alkalinity  observed  in  some  cases  may  be  accounted  for  by  admixture 
with  alkaline  saliva.  The  specific  gravity  of  venoms  varies  considerably  ; 
the  average  of  the  poison  obtained  from  :^50  cobras  was  1110,  while  the 
average  of  the  venom  from  53  daboias  was  found  to  be  1077  (Land)). 
The  amount  of  solids  contained  in  these  two  poisons  was  found  to  coi're- 
spond  with  the  specific  gravity ; thus,  the  percentage  of  solids  in  cobra- 
venom  Avas  on  an  average  3 1 '5  and  in  daboia-A^enom  2 4 '4.  The  variations, 
hoAvever,  are  considerable,  in  the  case  of  cobra-venom  being  from  23  to 
38  per  cent.  Most  venoms  are  tasteless,  but  cobra-poison  has  a disagree 
able,  intensely  bitter  taste. 

Venoms  dry  rapidly  at  16°  to  20°  C.  in  a desiccator  over  calcium 
chloride.  As  they  dry  they  crack  in  the  same  manner  as  albumin  or 
gum-arabic  in  the  same  circumstances,  and  form  translucent  scales  which 
have  suggested  a crystalline  structure.  Dried  venoms  dissolve  jigain 
readily  and  completely  in  watei’.  Perfectly  dry  venom  in  a Avell-corked 
bottle  keeps  indefinite!}'.  Weir  Mitchell  kept  some  crotalus-venom  in  his 
possession  tAventy-tAvo  years  Avithout  apparent  diminution  of  toxic  poAvei-. 
We  have  had  some  venoms  for  thirteen  years  Avhich  are  as  deadly  ;it  the 
present  time  as  Avhen  first  procured.  Venoms  in  solution  in  Avater  do  not 
keep  ; and  the  numei'ous  assertions  that  dried  venom  deteriorates  Avith  .-ige 
may  be  accounted  for  by  imperfect  desiccation.  Solutions  of  venom  in 
glycerin  keep  indefinitely  (Weir  .Mitchell). 

Microscopical  examination  of  |)ure  A'cnom  reveals  nothing  excc))t  an 
occasional  epithelial  cell  ; but  if  the  poi.son  be  contaminated  with  fluids 
from  the  mouth  it  contains  epithelial  scales  and  salivary  corpuscles  i)i 
abundance,  and  also  bacteria  of  various  kinds. 

Composition  of  Venoms.- — It  has  long  been  knoAvn  that  snake-venoms 
contain  albuminous  bodies  in  solution ; but,  owing  to  ignorance  of  the 
toxic  properties  of  proteids,  the  active  principle  was  sought  for  in  othei- 
constituents.  Weir  Mitchell  Avas  the  first  to  demonsti’ate  that  the 
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poisonous  properties  of  rattlesnake-venom  I'eside  in  the  alhuniinous  con- 
stituents ; and  the  woi-k  of  this  accomplished  author  on  the  venom  of  the 
rattlesnakes  formed  the  first  step  in  our  knowledge  of  toxic  proteids. 
Since  A\'eir  Mitchell’s  work  was  published  his  results  have  been  extended 
by  other  observers  to  a number  of  different  kinds  of  snakes. 

Venoms  consist  for  the  most  part  of  solutions  of  modified  proteids,  and 
all  attmnpts  to  separate  the  toxic  principles  fi-om  such  proteids,  a separa- 
tion which  has,  for  example,  been  accomplished  b}'  Jacoby  and  Hausmann 
Ibr  ricin  and  abrin,  have  hitherto  been  unsuccessful.  Accordingly, 
at  the  present  time  Ave  must  regard  .such  toxic  principles  as  residing  in 
some  special  grouping  of  a portion  of  the  atoms  in  the  complex  venom 
pi'oteid  molecule  ; although  it  is  possible  that  this  is  a side-chain  and  may 
1)0  ultimately  capable  of  differentiation  as  a separate  entity.  Venoms  are 
by  no  means  simple  solutions  of  one  poisonous  substance;  the  more 
they  have  been  studied  the  more  complex  have  they  been  shewn  to  be. 
d'he  analysis  of  their  physiological  actions  has  proved  them  to  be  made  up 
of  a great  many  more  constituents  than  Avould  be  imagined  fi’om  their 
chemical  examination.  Different  venoms  have  been  found  to  contain  one 
or  more  of  the  following; — (1)  A powerful  fibrin-ferment;  (2)  an  anti- 
tibrin-ferment ; (.3)  a proteolytic  ferment ; (4)  various  cytolysins — capable 
of  acting  upon  red  blood-cells,  leucocytes,  endothelial  cells  of  vessels, 
iKjrve-cells,  and  the  cells  of  various  other  tissues  ; these  cytolysins  arc 
probably  distinct  for  each  A'ariety  of  cell  and  are  of  the  nature  of  ambo- 
C(;[)tors  ; (5)  agglutinin  for  red  blood-cells,  etc. ; (G)  an  antibactericidal 
body,  of  the  nature  of  anti-complements  ; (7)  a neurotoxin  or  neuro- 
toxins with  affinities  for  all  nerve-cells  and  especially  for  the  cells  of 
the  respiratory  centre  in  the  bulb,  although  the  special  affinities  of  the 
neurotoxic  constituents  vary  somewhat  with  each  venom ; (8)  a neuro- 
to.xin  Avith  an  affinity  for  nerve-endings  in  muscle,  and  for  those  in  the 
diaphragm  in  particular;  (9)  a substance  Avhich  causes  greatly  increased 
tone  in  cardiac  muscle,  and  if  in  sufficient  concentration  .systolic  stand- 
still of  the  isolated  heart.  This  substance  produces  also  a similai’ 
stimulating  action  on  the  muscle  of  the  arterial  AAmlls.  No  venom  yet 
studied  is  possessed  of  all  the  aboA'e  constituents,  and  the  dissimilarity 
in  the  effects  produced  upon  man  and  animals  after  poisoning  A\dth  the 
venoms  of  different  snakes  is  due  to  the  proportions  in  Avhich  the  diffei’ent 
gi’oups  of  toxic  substances  occur  in  the  particular  venom.  While  in 
different  venoms  Ave  may  recognise  substances  Avith  the  same  phy.sio- 
logical  action,  it  is  not  to  be  taken  for  granted  that  such  substances  are 
identical.  Recent  e.xperiments  Avith  the  serum  of  animals  immunised  Avitli 
diffbi-cnt  A^enoms  have  sheA\m  that  many  of  these  constituents  from  different 
venoms,  even  Avhen  incapable  of  differentiation  by  their  physiological 
action,  display  their  non-identity  l)y  the  inability  of  an  anti-serum  prepared 
with  one  poison  to  neutralise  the  constituents  of  similar  action  of  another 
])oison ; or  expressed  in  terms  of  Ehrlich’s  nomenclature,  that,  although 
the  toxophorous  groups  maybe  similar,  the  haptophors  are  dissimilar. 
'I'liis  has  been  especially  .shewn  in  the  case  of  the  hfemolysins  of  venoms. 
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Further,  hy  me:ins  of  the  serum  precipitin  test  it  has  l)een  shewn  that 
ho  protekls  of  one  venom  may  ditfer  from  those  of  another  poison, 
.ilthough  the  physiological  actions  of  the  two  venoms  are  apparently 
identical.  Thus,  the  serum  of  a rabbit  immunised  with  pure  cobra-venom 
.■auses  a copious  precipitum  with  cobra-venom,  but  none  whatever  when 
nixed  with  the  venom  of  the  king  cobra,  the  physiological  action  of 
'.vhich  poison  cannot  be  ditterentiated  experimentally  from  that  of  the 
cobra.  The  importance  of  these  facts  on  the  specificity  of  venoms  in 
connexion  with  the  serum  therapeutics  of  snake-bite  will  be  at  once 
evident,  and  we  shall  have  to  return  to  this  question  later  when  dis- 
'cussing  the  treatment  of  cases  of  snake-venom  intoxication. 

Bi'haviour  of  I enoms  with  Ueagenh. — Venoms  giA  e all  the  reactions 
•characteristic  of  proteids  with  the  usual  proteid-i-eagents.  On  dialysis 
iinore  or  less  of  the  proteid  in  venom  is  thrown  out  of  solution,  the  amount 
.varying  with  different  venoms.  To  judge  by  the  hitherto  recorded  obser- 
vations, it  is  greatest  with  crotalus -poison,  and  least  with  that  of  the 
cobi-a.  Saturation  with  ammonium  sulphate  com])letcly  preci})itates  all 
■the  proteids,  and  the  filtrate  is  innocuous.  Saturation  with  sulphate  of 
I magnesium,  or  chloride  of  sodium,  and  partial  saturation  with  ammonium 
-sulphate  produce  a separation  of  the  proteids  in  venoms;  and  in  the  case 
of  most  venoms  both  the  precipitate  and  the  filtrate  are  j)ossessed  of 
ll)oisonous  properties.  Absolute  alcohol  in  excess  entirely  precipitates  all 
■proteids  from  venom  solutions,  and  the  filtrate  is  not  poisonous.  After 
■sojourn  under  alcohol  the  bulk,  and  in  some  cases  the  Avhole,  of  the  pro- 
I teid  is  readily  soluble  in  dilute  saline  solutions,  and  the  solution  possesses 
the  same  properties  and  nearl}'  the  same  toxicity  as  the  original  venom. 

hJffect  of  Heat  upon  I'enoms. — Solutions  of  all  snake-poisons  so  far 
examined  contain  a considerable  amount  of  proteid  coagulable  by  heat, 
which,  according  to  the  observations  recorded  below,  appeal’s  not  to  vary 
greatly  in  the  poisons  of  different  species  of  snakes.  The  following 
table  gives  the  percentage  for  the  venoms  of  three  Indian  species — tAvo 
colubrine  and  one  viperine — and  of  crotalus 


1 

1 

Cobra. 

Banded  Krait. 

Daboia. 

Crotalus. 

!'  (!oagulable  proteids  . 

24 

20 

2r> 

2;, 

1 Xoii-coagiilable  proteids  . 
Temperature  at  which  co- 

7() 

SO 

?r, 

75 

; agulatioii  takes  place 

L . . 

70°-80"  C. 

TO^-SO”  C. 

60“-70'’  C. 

.‘Vlthough  the  amount  of  proteid  coagulated  by  heating  varies  so  little, 
the  effect  produced  upon  the  toxicity  of  the  different  venoms  1)y  bringing 
their  solutions  to  a temperature  of  70-80°  C.  fora  few  minutes  is  strikingly 
different.  Cobra-poison,  for  instance,  is  little  if  at  all  reduced  in  toxicity 
by  such  treatment ; Avhereas  the  venoms  of  the  viperine  snakes,  crotalus 
and  daboia,  are  rendered  nearly  but  not  quite  inert.  The  effect  upon  a 
number  of  other  venoms,  such  as  those  of  the  Australian  snakes,  Notechis 
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sciduius  und  iV.  pseuilechis,  is  intermediate  j they  lose  some  portion  of  their 
toxic  (jiialities  whilst  retaining  others.  hen  a particular  coagulable 
constituent  is  toxic,  raising  the  solution  to  the  temperature  at  which  this 
coagulates  j-enders  it  inert.  If  tlie  heating  be  carried  to  the  boiling-point 
a further  gradual  diminution  in  toxicity  is  brought  about  in  all  venoms, 
and  continuous  boiling  for  a few  hours  deprives  them  of  all  poi.sonous 
action. 

The  effect  of  heat  is  twofold  : — (1)  a more  or  less  rapid  destruction 
of  a poisonous  constituent  of  some  venoms  by  coagulation  ; (2)  a gradual 
deterioration  by  prolonged  heating,  the  effect  of  which  is  more  rapid  the 
higher  the  temperature  and  the  weaker  the  solution. 

Perfectly  dry  venoms  may  be  submitted  to  a temperature  slightly 
above  100”  C.  Avithout  diminishing  their  toxic  power.  Some  of  the 
proteids  present  in  venoms  are  classified  with  difficulty  in  our  present 
system.  A classification  which  is  determined  (amongst  other  reactions) 
by  solubility  in  watei’  or  dilute  saline  solutions,  coagulation  by  heat,  and 
solubility  or  insolubility  in  water  or  saline  solutions  after  prolonged 
sojourn  utider  alcohol,  is  a very  arbitrary  one ; and  it  is  to  be  expected 
that,  as  our  knowledge  of  proteids  increases,  more  individuals  of  the 
group  will  be  found  which  refuse  to  fall  into  line  with  the  jnembers 
hitherto  known.  The  toxic  proteids  of  the  poison  of  pseudechis  are 
completely  precipitated  by  absolute  alcohol  in  excess ; yet  after  six 
months  under  alcohol  these  proteids  dissolve  readil}^  and  entirely  in 
dilute  salijie  solutions.  This  poison,  nevertheless,  contains  a body  Avhich, 
by  its  solubility  in  water  and  coagulation  by  heat,  Avould  lead  one  to 
class  it  with  albumins.  The  solution  of  the  alcoholic  precipitate  also 
coagulates  on  heating.  Venoms  contain  proteids  Avhich  ]iossess  on  the 
one  hand  characteristics  of  the  albumins  or  globulins,  and  on  the  other 
those  of  proteoses.  This  has  led  to  a certain  amount  of  confusion — one 
observer  classifying  a venom  proteid  with  the  allaunins  or  globulins 
because  of  its  behaviour  Avhen  heated  in  solution,  another  prefei-ring  to 
place  the  same  proteid  amongst  the  albumoses  on  accotint  of  its  con- 
tinued sohxbility  iu  water  or  dilute  saline  solutions  after  prolonged 
sojourn  umhu-  alcohol. 

Analysis  of  the  Physiological  Action  of  Snake  venoms. — Method 
of  Absorption  of  Venom. — Venoms  may  enter  the  liody  by  a number 
of  channels.  The  onset  and  train  of  symptoms  vary  with  the  rapidity 
with  which  they  reach  the  circulation.  In  cases  of  snake  - bite  the 
poison  is  usually  deposited  in  the  subcutaneous  tissue,  Avhence  it  reaches 
the  general  circulation,  principally  by  absorption  through  the  blood- 
vessels. When  introduced  into  a serous  cavity,  absorption  is  much 
quicker  ; and,  if  introduced  directly  into  a vein,  the  effects  are  manifested 
instantaneously.  Venoms  are  readily  absorbed  from  the  conjunctiva. 
Feeding  an  animal  with  snake-poisons,  even  Avhen  the  diet  contains  daily 
a hundred  times  the  fatal  dose,  does  not  produce  any  symptoms  of 
])oisoning,  provided  there  be  no  abrasion  of  the  mucous  membranes. 
The  poison  has  not  been  recovered  from  the  fasces,  so  that  it  must  be 
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lestroyod  by  the  digestive  juices.  As  mentioned  uhove,  pancreutie  juice 
has  been  found  to  destroy  all  those  venoms  with  which  the  experiment, 
bas  been  made.  i\Iajor  Elliot  has  shewn  that  when  the  actions  of 
the  various  digestive  juices  do  not  come  into  l)lay  cobra-poison  can  be 
.absorbed  from  the  small  intestine.  'J'here  is  a striking  ditl'ereme  in  the 
■eftects  produced  by  subcutaneous  and  iutra^'enous  injection  of  moderate 
(ptautities  of  those  venoms  which  contain  fibrin -ferment  (see  p.  800). 

: Even  very  small  (piantities  of  such  poisons  intravenously  introduced 
occasion  e.xtensive  intravascular  clotting  and  sudden  death ; whereas, 
placed  under  the  skin,  unless  in  relatively  large  quantities,  the  throm- 
bosis is  only  local,  and  this  in  itself  I'etards  the  further  absorption  of  the 
})oison. 

dnu’ral. — During  recent  years  not  oidy  has  a considei-able  amount  of 
^ ex})erimental  work  on  the  physiological  action  of  diH'erent  snake-venoms 
. and  on  the  individual  poisons  contained  in  them  been  cai'ried  out,  but 
great  strides  have  been  made  in  our  knowledge  of  the  mode  of  action  of 
toxins,  cytolysins,  and  enzymes,  to  which  venoms  are  closely  analogous. 
The  poisonous  constituents  of  venoms,  as  has  been  jDreviously  mentioned, 
are  modified  proteids.  They  belong  to  the  first  of  the  two  main  groups 
into  which  Ehrlich  has  divided  siibstances  possessing  pharmacological 
action.  Ehrlich’s  view  of  the  action  of  this  group  is  bo\ind  up  with  his 
conception  of  the  nature  of  the  living  protoplasmic  molecule  as  a nucleus 
with  sifle-chains  of  various  descriptions.  According  to  this  h3?pothesis, 
assimilation  of  food-.stuffs  consists  in  the  linking  on  to  the  central  molecule 
of  the  food-molecule  as  a fresh  side-chain.  The  common  features  of 
substances  of  this  first  class  are  their  close  resemblance  to  assimilable 
substances  or  food-stuffs,  and  the  special  affinity  exhibited  by  different 
bodies  of  this  class  for  particular  cells.  They  are  thus,  so  to  speak, 
selectively  absorbed  by  one  class  of  cells  from  the  circulating  fluids,  so 
that  the}’-  gradually  become  attached  to  them,  and  to  them  only.  In  this 
way  even  excessively  small  quantities  exercise  a potent  influence. 

This  first  group  of  Ehrlich  includes  all  those  bodies  with  chemical 
character  more  or  less  allied  to  j>roteids,  to  which  the  toxins  and  enzymes 
belong.  All  of  these,  whether  produced  by  the  activity  of  bacteria — as 
tetanus  or  diphtheria  toxins, — or  by  higher  plants — as  ricin,  al)i'in,  or  the 
toxin  of  gra.ss-pollen,  which  is  responsible  for  hay-fever, — or  in  animals — as 
rennet,  trypsin,  or  the  venoms  of  snakes, — ai’e  produced  by  living  cells. 
Tliese  toxins  and  enzymes  possess  the  capacity  of  attaching  themselves  to 
particular  colls  or  molecules,  much  as  a key  fits  a particular  lock  or  series 
of  locks;  and  being  affixed  to  the  cell  they  occasion  such  a distui-bance  of 
the  normal  activities  of  the  cell  that  its  function  is  disturbed  or  destroyed, 
and  in  some  cases  the  cell  itself  is  disorganised.  They  also  possess  in 
common  the  capacity  of  arousing  the  foi-mation  of  anti-bodies  in  excess 
when  injected  into  an  animal  at  suitably  spaced  intervals. 

For  these  and  other  reasons  snake-venoms  must  be  classed  with 
toxins,  lysins,  and  enzymes,  and  a general  survey  of  the  princi])al  actions 
of  their  constituents  sheAvs  that  they  may  be  grouped  in  three  classes  ; — 
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(1)  Neurotoxins,  which  combine  with  nerve-cells  and  render  them  inactive. 
These  often  exliibit  a strikingly  selective  action  upon  particular  groups 
of  cells.  (2)  Cytolysins,  for  a number  of  animal  cells,  such  as  red  blood- 
corpuscles,  endothelial  cells  of  blood-vessels,  leucocytes.  (3)  Fibrin- 
ferments,  the  injection  of  which  occasions  intravascular  clotting.  This 
does  not  exhaust  the  whole  of  the  poisonous  components  of  some  venoms 
which  contain,  in  addition  to  representatives  of  one  or  more  of  the  above 
groups,  substances  possessed  of  actions,  such  as  that  of  cobi-a-poison  on 
the  muscular  tissue  of  the  heart  and  arterial  wall,  or  that  of  a constituent 
of  rattlesnake-poison  which  inhibits  the  normal  bacteriolytic  action  of  the 
serum.  There  are  also  proteolytic  ferments  in  crotalus  and  some  other 
venoms,  but  these  are  of  subsidiai’y  importance,  and  along  with  others 
will  be  mentioned  later. 

Poisons  which  possess  a special  affinity  for  nerve-cells  are  present  in 
greater  or  less  amount  in  all  venoms,  but,  speaking  generally,  they  are  of 
greater  potency  and  are  jjresent  in  greater  amount  in  the  venoms  of  colu- 
1)rine  snakes  than  in  those  of  the  Yiperidm. 

One  or  more  cytolysins  exist  in  most  venoms,  and  have  been  shewn 
by  Flexner  and  Noguchi  to  be  of  the  nature  of  amboceptors ; after  these 
have  combined  with  the  cells  the  latter  undergo  destruction  and  solution 
under  the  influence  of  complements  contained  in  the  animal’s  own  serum. 
Many  venoms  exert  a destructive  action  upon  moi-c  than  one  class  of 
cell,  an  action  brought  about  by  the  presence  of  a plurality  of  cytolysins 
(Flexner  and  Noguchi).  The  action  of  some  of  the  best  kiiowu  cytolysins 
in  venoms  will  lie  discussed  in  dealing  with  that  of  snake-poisons  upon 
blood  and  blood-vessels. 

The  fibrin-ferments  exist  in  greater  or  less  amount  in  the  venoms  of 
viperine  and  in  many  of  the  colubrine  snakes.  Their  action  is  important 
in  bringing  about  the  rapid  death  of  small  animals  on  which  these  reptiles 
prey  ; but  this  result  seldom  occurs  in  cases  of  snake-bite  in  the  human 
subject,  unless  the  poison  has  accidentally  been  introduced  directly  into 
a vein. 

Every  venom  does  not  contain  toxins  belonging  to  all  three  of  the 
above  groups,  and  the  difference  in  the  results  of  the  injection  of  the 
poison  of  different  snakes  is  largely  due  to  the  variation  in  the  proportion 
in  which  representatives  of  the  above  groups  exist  in  venoms.  The  con- 
stituents of  different  venoms  belonging  to  the  same  group  are  not  usually 
identical,  but  display  differences  in  the  details  of  their  action ; and  even 
when  this  action  is  similar,  the  absence  of  complete  identity  is  shewn  by 
the  observation  that  an  anti-body  produced  against  one  particular  toxin  is 
either  without  effect  upon  others  or  else  requires  a considerably  increased 
amount  to  neutralise  it. 

Action  of  Venoms  on  the  Nenmis  System.  — The  detei'mination  of 
the  exact  physiological  action  of  a poison  on  the  nervous  system  of 
the  higher  animals  is  always  difficult.  The  difficulties  are  enormously 
inci'eased  when  the  poison,  as  is  the  case  with  some  snake-venoms,  contains 
constituents  which  profoundly  affect  the  blood  and  the  whole  circulatory 
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Mjpjuutus  also.  In  such  a case  special  precautions  have  to  he  taken  to 
) •istinguish  eHects  which  are  dne  to  the  primary  action  of  the  poison  on 
< 'ervous  tissue  from  those  which  are  secondary  to  changes  produced  on 
le  circulation  and  hlood.  The  early  experimenters  did  not  realise 
iiat  most  viperine  and  many  colubrine  venoms  contain  fibrin-ferments, 
•hicli  occasion  extensive  intravascular  clotting  if  introduced  directly 
ito  the  blood-stream  even  in  minute  quantities,  and  often  do  so  when 
ibcutiineously  injected  in  larger  amounts  into  small  animals;  this 
las  naturally  been  the  cause  of  the  greatest  confusion  in  interpreting 
! ome  of  their  experimental  results,  especially  those  in  vdiich  the 
sioison  was  introduced  into  a vein.  The  striking  manife.stations  of 
isturbance  of  nervous  activity  which  follow  sudden  cessation  of  the 
I irculation  have,  in  ignorance  of  this  property  of  some  venoms,  been 
:ttributed  to  the  direct  action  of  the  poison  upon  the  nervous  system. 

The  general  feature  of  poisoning  by  all  venoms  consists  in  depression 
:>f  nervous  activity,  with  gradual  onset  of  inco-ordination,  lethargy  with 
liminished  reflex  response,  coma,  and  cessation  of  respiration.  The 
particular  featui’e  of  the  poisoning  by  individual  snakes  is  determined 
)V  the  potency  and  character  of  the  neurotoxin  contained  in  its  venom, 
uid  the  relation  of  this  neurotoxin  to  constituents  toxic  for  other  cells  of 
'he  organism. 

The  venoms  of  colubrine  snakes,  the  physiological  action  of  which  has 
i)cen  studied  in  some  detail,  are  those  of  the  cobra,  hamadryas,  the  kraits, 
he  sea-snake,  Enlujdrina  valakatlicn,  the  Australian  snakes,  Noter.ldK  scuiatus, 
pseiidechis,  and  Aranthojdm  antardicits.  AVith  all  of  these  venoms  the 
.taralytic  action  upon  the  nervous  system  is  the  best  marked  feature  of 
heir  action.  Frogs  injected  with  these  poisons  soon  lose  all  reflex 
activity,  and  their  spinal  cords  become  totally  inexcitable.  Mammals 
oecome  progressively  paralysed  until  death  ensues  from  paralj^sis  of  the 
espiration ; if,  as  is  the  case  in  cobra-poisoning,  the  circulation  be  well 
naintained,  the  animal  may  be  kept  alive  by  artificial  respiration  for 
Hours,  during  which  period  reflex  action  is  entirely  abolished.  Cobra- 
venom  is  particularly  suitable  for  this  experiment,  as  owing  to  the  direct 
stimulative  action  of  this  venom  upon  the  arterioles  the  blood-pressure 
does  not  fall. 

Respiratory  paralysis  is  quickly  brought  about  in  mammals  by 
bi'inging  the  poisons  into  contact  with  the  central  nervous  mechanism 
which  controls  respiration  ; this  can  Ive  done  by  placing  a few  drops  of  a 
solution  of  venom  in  the  fourth  ventricle. 

If,  after  the  subcutaneous  injection  of  one  of  the  above  venoms, 
simultaneous  records  of  the  respiration  and  blood -pressure  be  taken 
iluring  the  poisoning  of  a dog  or  rabbit,  the  circulation  is  found  to  be 
fairly  well  maintained  up  to  the  time  that  all  respiratory  movements 
have  ceased,  and  may  subsequently  undergo  a marked  asphyxial  rise, 
shewing  that  the  vasomotor  centre  is  still  functionally  active.  If,  how- 
ever, asphyxia  be  obviated  by  artificial  respiration,  the  vasomotor  centre 
fails  shortly  after  the  respiratory  centre,  and  the  pressure  slowly  falls  to 
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a few  millimetres  of  mercury  pressure,  except  iu  expei’imeiits  with  cohra- 
poisou  and  that  of  liungarm  cferuleui>,  where  direct  arterial  constriction 
occurs. 

From  what  has  just  been  said  it  is  clear  that  certain  groups  of 
nerve-cells  in  the  medulla  exhibit  a special  susceptibility  to  the  action 
of  the  neurotoxins  in  these  venoms,  and  that  the  cells  connected  with 
the  central  nervous  mechanism  of  resjhration  ai'e  particularly  affected. 
The  neighl>ouring  cells  in  the  bulb  participate  early  in  the  paralysis,  so 
that  more  than  one  observer  has  drawn  attention  to  the  similarity  of  the 
symptoms  of  snake-poisoning  to  those  of  the  late  stages  of  bulbar 
paralysis. 

The  influence  of  the  neurotoxins  of  venoms  upon  nerve-cells  is  not 
confined  to  an  interference  with  function ; in  cases  where  they  have 
been  looketl  for,  stnictural  changes  in  the  nerve-cells  have  been  found  to 
follow  injections  of  these  poisons.  Kilvington  found  that  the  cells  of  the 
spinal  cords  of  rabl:)its  poisoned  with  the  venom  of  Notechis  scutatus 
exhilhted  degenerative  changes  resembling  those  described  by  Dr.  Mott 
in  abrin-poisoning.  Preparations  stained  by  Nissl’s  method  shewed 
chi-omatolysis  and  ultimately  disappearance  of  all  staining  particles.  No 
swelling  of  the  cell  occurred ; the  nuclear  outline  vanished,  and  in  .some 
cases  disappeared,  but  the  nucleolus  remained.  Many  of  the  cells  were 
represented  by  mere  “ghosts,”  which  suggested  a cytolytic  process.  Unless 
the  animals  survived  the  poisoning  for  four  or  five  hours  no  changes  in 
nerve-cells  could  be  detected. 

The  nervous  systems  of  monkeys  killed  with  the  venom  of  cobra,  of 
Butigarus  famatus,  of  Bungarns  av.rulcus,  and  of  daboia,  have  been 
examined  microscopically  by  Lamb  and  Huntei’.  With  the  venoms  of 
the  first  four  they  produced  an  acute  chromatolysis  of  the  ganglion-cells 
throughout  practically  the  whole  cerebrospinal  nervous  system.  These 
changes  were,  as  a rule,  most  marked  in  tbe  cord,  less  so  in  the  cerebral 
cortex,  and  least  apparent  in  the  pons  and  medulla ; the  longer  the 
animal  lived  after  receiving  the  venom  the  more  extreme  was  the 
chromatolysis.  No  changes  were  visible  in  the  ganglion-cells  of  monkeys 
dying  within  two  hours  of  injection.  In  none  of  the  animals  did  the 
peripheral  nerves  shew  signs  of  degeneration.  No  changes  in  the  nerve- 
cells  were  observed  in  monkeys  killed  with  the  poison  of  Daboia  russelUi, 
although  one  of  them  lived  for  sixty  hours.  It  has  already  been  men- 
tioned that  venoms  contoin  cytolysins  for  red  blood-cells,  leucocytes, 
endothelium,  etc.  In  the  case  of  these  cytolysins  the  mechanism  Inis 
been  shewn  by  Flexner  and  Noguchi  to  be  analogous  to  serum-haemolysis, 
the  venom  constituent  acting  as  an  amboceptor,  and  the  cell  destruction 
being  brought  about  by  a complement  ])resent  in  the  animal’s  own  senim. 
The  appearances  seen  in  the  nerve-cells  of  animals  which  have  lived  for 
two  or  three  days  after  snake-poisoning  strongly  suggest  that  the  action 
of  the  neurotoxins  may  also  belong  to  this  category.  This  view  would 
explain  both  the  lateiit  period  which  ensues  before  the  onset  of  paralysis, 
when  only  minimal  fatal  doses  are  employed,  and  also  wdiy  no  changes 
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.;ui  1)0  detected  in  the  cases  in  which  death  ensues  witliin  a few 
ours. 

With  viperine  poisoning  direct  action  upon  the  nervous  system  is  not 
learly  so  marked  as  \nth  the  venoms  of  the  colubrincs.  The  neurotoxins 
if  vipeHne  venoms  are  less  potent,  or  present  in  much  smaller  amount, 
\’hile  the  actions  of  the  other  constituents  in  these  poisons  are  more 
nronounccd. 

Of  the  poisons  of  the  viperine  snakes,  those  of  Civtalus,  Ihtboia 
iisseliii,  and  Lachesis  anamallensis  have  been  best  studied  with  regai’d  to 
..heir  action  upon  the  nervous  system.  Symptoms  of  general  depiession 
ifd  all  nervous  activity  occur  under  the  influence  of  these  poisons,  but  the 

■ ■espiratory  nervous  mechanism  does  not  appear  to  be  selectively  affected. 
'.\s  will  be  mentioned  later,  these  poisons  occasion  a striking  fall  of  blood- 
pressure,  which  is  due  to  an  action  uj)on  the  vasomotor  mechani.sm,  and 
is  attributed  by  Major  Rogers  to  paralysis  of  the  central  mechanism. 
S^imultaneously  with  the  fall  of  pressure  the  respiration  becomes  .shallower 
land  slower  until  it  ceases. 

There  exist  also  in  some  venoms,  e.g.  those  of  the  cobra  (Bnxnton 
.and  Fayrer),  king  cobra,  kraits  (Rogers),  KHhydrina  wlakmlien  (Fiasei' 
land  Elliot),  neurotoxins  which  act  upon  the  nerve-endings  in  voluntary 
muscle  or  on  the  iieuro-muscular  junctions,  in  a manner  analogous  to 
the  alkaloid  of  curara.  This  action  is  more  easily  made  evident  in 
experiments  in  which  the  poison  takes  some  hours  to  kill,  or  in  those  in 
which  death  from  central  respiratory  failure  has  been  obviated  by 
artificial  respiration.  The  phrenic  nerve-endings  appear  to  be  particularly 
•susceptible  to  this  action,  foi‘  it  is  found  that  the  diaphragm  ceases  to 

■ respond  to  the  stimulation  of  the  phrenic  nerves  at  a time  when  irritation 
of  the  brachial  or  sciatic  plexus  with  the  induced  current  ])i'oduces  good 
contractions  of  the  corresponding  muscles.  This  curai'a-like  action  is  not 
.dways  pre.?ent  in  venoms  which  kill  by  causing  cessation  of  respiration. 
The  {)oisons  of  the  Australian  snakes,  Notechis  mitatua  and  N.  psevdechis, 
both  of  which  contain  powerful  neurotoxins  with  a special  affinity  for  the 
I’espiratory  centre,  have  no  such  action,  nor  was  Feoktistow  able  to  discovei' 
any  such  action  with  the  venoms  of  Crofulus  or  V.  herns. 

Chronic  Intoxiaition  due  to  Action  upon  the  Nervous  System.- — Tlie  jioi.eon 
of  the  banded  kiait  Bnnyarus  fasciatus  contains  a neurotoxin  which 
possesses  an  action  not  observed  in  poisoning  by  other  snake.s.  AVall 
first  pointed  out  that  in  acute  ])oisonirig  by  this  venom  the  symptoms 
resembled  those  of  cobra  intoxication, and  death  took  ])lace  from  jxii'alysis  of 
respiration  ; if,  hosvever,  a small  cjuantity  of  poison  was  injected,  the  animal 
.shewed  no  acute  symptoms,  but  after  a few  days,  in  which  no  departure 
from  health  was  noticed,  suffered  from  a chronic  wasting  illness  charac- 
terised by  loss  of  appetite,  great  depression,  ii'regular  temjierature,  and 
e.xcessive  muscular  weakness.  Purulent  discharges  took  place  from  the 
eyes  and  nose,  and  albumin  was  found  in  the  urine.  'I'he  muscles 
became  more  and  more  atrophied,  and  the  increasing  weakness  ]>assed 
into  a condition  of  general  paralysis  and  death.  Dr.  AV.  Hunter  and  one 
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of  US  (G.  L.)  examined  the  nervous  systems  of  monkeys  which  succunihed 
in  about  ten  days  to  this  chronic  intoxication,  and  found  extensive 
primary  degeneration  of  most  of  the  nerve-cells  in  the  brain  and  cord. 
The  majority  of  the  cells  were  vacuolated  with  deeply  stained  plasms,  in 
which  were  scattered  dust-like  granules,  the  remnants  of  the  N issl-bodics, 
Many  of  the  cells  were  reduced  to  simple  outlines  without  any  granula- 
tion whatever. 

Ejfect  of  I'enoms  upon  the  Respiration. — The  selective  activity  of  the 
venoms  of  colubrine  snakes  upon  the  respiratory  cells  in  the  medulla,  which 
have  hitherto  been  the  subject  of  inquiry,  has  been  already  mentioned. 
It  has  further  been  pointed  out  that  some  venoms  also  exert  a curara-like 
action  which  is  particularly  manifested  upon  the  nerve-endings  of  the 
phrenics  in  the  diaphragm,  so  that  failure  of  respiration,  brought  about 
in  one  or  both  ways,  is  the  cause  of  death  in  poisoning  by  the  venoms 
mentioned. 

Perhaps  one  of  the  most  striking  demonstrations  of  this  action  was 
the  early  expeiiment  of  Sir  Lauder  Brunton  and  Sir  J.  Fa^’rer  on  the 
fowl.  If  cobra-venom  be  injected  into  a fowl,  the  creature  becomes 
lethargic  and  inco-ordinate  ; the  head  drops  on  the  breast,  to  be  occasion- 
ally jerked  up  again,  as  happens  with  a man  sleeping  in  a chair. 
Presently  the  respiration,  which  was  at  first  accelerated,  becomes  .slower 
and  more  and  more  shallow,  until  it  finally  ceases:  .meantime  the  comb 
has  become  livid.  If  artificial  respiration  be  performed,  the  comb  again 
recovers  its  bright  red  colour,  again  to  become  livid  on  its  cessation. 
This  may  be  repeated  a dozen  times.  The  obvious  interpretation  of  this 
ex])eriment  is  that  in  cobra-poisoning  the  respiratory  movements  are 
rendered  impossil)le  whilst  the  circulation  is  well  maintained.  The  same 
facts  are  seen  when  mammals  are  the  subject  of  experiment ; after  a 
preliminary  increase  in  respiratory  activity,  a progressive  diminution  in 
number  and  amplitude  occurs,  until  respiration  ceases  altogether.  Small 
animals  poisoned  with  col)ra-venom  have  been  kept  alive  for  four  hours 
by  artificial  respiration  ; and  Vincent  Kichards  records  a case  in  which 
the  circulation  was  maintained,  by  means  of  artificial  respiration,  for 
thirty  hours  in  a man  poisoned  by  a cobra.  This  selective  action  of 
a poison  for  the  respiratory  mechanism  is  seen  in  a most  marked  degree 
with  the  poisons  of  the  cobras  and  the  sea-snake,  Enhtidrma  valakadien. 
With  the  other  colubrine  venoms  the  vasomotor  mechanism  becomes 
aflfected  shortly  after  the  respiratory,  so  that  the  blood-ivressure  falls 
and  circulatory  failure  follows  respiratory  failure  within  a few  minutes 
or  an  hour,  according  to  the  conditions  of  the  experiment  and  the  venom 
employed.  The  respiratory  movements  are,  as  mentioned  above,  rendered 
impossible  by  some  venoms  in  t\vo  ways:  (1)  action  upon  the  nerve-cells 
in  the  central  nervous  system ; (2)  interference  with  the  passage  of 
nervous  impulses  at  the  nerve-muscular  junctions  of  the  phrenic  nerve- 
endings.  Most  snake-venoms  possess  only  the  former  action,  but  those 
of  the  Enhydrina,  cobras,  and  kraits  are  endowed  with  poisons  operating 
in  both  ways.  In  the  case  of  those  venoms  possessed  of  both  actions, 
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the  iiiriuencc  upon  nerve-cells  is  the  more  rupicl  and  important ; so  that 
; it  is  only  niuler  conditions  of  slower  poisoning  that  the  cnrara-like  action 
I can  be  demonstrated  to  its  full  extent. 

The  ellect  upon  respiration  of  the  venoms  of  those  vipcrine  snakes 
i!in  analysis  of  the  action  of  which  has  been  undertaken — L'rotalun,  Ancis- 

> froiloii  (Weir  .Mitchell),  Daboia,  putt-adder,  and  Lachesu  (Rogers) — is  not 
-so  specific  as  in  the  case  of  the  colnbrine  venoms.  W ith  these  viperine 

; ; poisons  the  effect  upon  the  nervous  system  as  a whole  is  less  intense, 
i;and  no  individual  group  of  nerve-cells  appears  to  be  strikingly  2hcked 
I out.  W hen  siimdtaneous  records  of  res})iratory  movements  and  blood- 
' I pressure  have  been  taken,  the  arterial  j)ressure  has  been  found  to  fall  to 
I . a dangerous  extent,  at  the  same  time  that  the  res})iratory  tracing  has 

> : shewn  diminution  in  rate  and  amiditude.  The  dependence  of  respiratory 
n activity  upon  the  arterial  jwessure  has  been  shewn  in  the  case  of  chloro- 
( i form  j)oisoning  by  Drs.  L.  Hill  and  Embley,  so  that  it  is  rather  difficult 

' to  ascertain  exactly  how  much  direct  paralysis  of  res2)iratoiy  cells  co-exists 
■ when  complicated  by  the  indirect  effect  of  a gi-eatly  lowered  Idood- 
pressure.  What  appears  to  happen  is  that  when  the  blood-2)ressui  e has 
fallen  to  a sufficient  e.xtent,  the  res2>iratory  cells,  m hich  are  now  half- 
paralysed,  cease  to  be  active  and  res23iration  fails.  In  no  case  has 
absolute  paralysis  of  respiration  been  observed  in  association  with  circu- 
latory efficiency. 

Effect  of  I'euoim  upon  the  Cirmlation. — Venoms  may  influence  the  circu- 
lation either  by  their  direct  action  U2^on  the  muscle  of  the  heart  or 
arterioles,  or  indirectly  through  the  nervous  system. 

Action  on  the  Isolated  Heart. — Most  venoms,  uidess  they  are  much  more 
concentrated  than  ever  occurs  in  cases  of  2^oisoning,  exert  but  little 
inttueuce  U2)on  the  isolated  heart  of  cold-blooded  animals.  On  the  other 
hand,  the  efficiency  of  the  circulation  is  soon  ini2)aired  in  ex2iei  iments  with 
all  venoms,  exce2)t  those  of  cobra  and  Bnvgarus  cosruleus,  but  to  what  extent 
this  may  be  due  to  direct  action  u2)on  the  heart  itself  has  not  been 
clearly  shewn,  for  all  venoms  ultimately  paralyse  the  cells  of  the  nervous 
vasomotor  mechanism. 

The  2ioisons  of  the  cobras  and  the  common  krait,  Bungarvs  coTuleiis, 
and  to  a much  less  extent  the  venoms  of  Enhydrina  mlahadien  and 
Xoteclm  scutatus,  the  Australian  tiger-snake,  have,  however,  an  effect  upon 
cardiac  muscle  which  was  first  observed  l)y  8ir  Lauder  Bnmton  and 
Sir  J.  Fayier,  and  has  recently  been  more  com2iletely  studied  by 
Sir  T.  R.  Fraser  and  Major  Elliot,  who  found  that  cobra-venom  in 
dilutions  of  1 in  10,000,000  and  upwards  exerts  a stimulating  action 
(induces  increased  tone)  iipon  the  isolated  hearts  of  frogs  or  mammals. 
As  the  strength  of  the  poison  in  solutions  with  Avhich  the  heart  is  fed  is 
increased,  the  effect  becomes  more  marked  until  the  heart  is  brought  to  a 
standstill  in  systole. 

Direct  Action  upon  the  Arterioles. — The  venoms  of  the  cobra  and  the 
common  krait  exert  a stimulating  action  upon  the  muscle  of  the  vessel- 
wall  similar  to  that  just  described  in  the  case  of  cardiac  muscle.  This 
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direct  action  of  tliese  poisons  is  the  reason  why  the  blood-pressure  is 
maintained  at  or  above  its  normal  height  during  poisoning  with  these 
venoms.  Major  Rogers  has  shewn  that  consti’iction  of  arterioles  is  also 
produced  by  the  local  action  of  the  venom  of  Russell’s  viper. 

Effect  upon-  the  Blooll-pressure. — Records  of  the  blood-pressure  during 
jjoisoiiing  by  cpiite  a considerable  number  of  snake-venoms  have  been 
made.  Many  of  the  older  results,  and  especially  those  in  wliich  the 
poison  was  injected  intravenously,  have  been  erroneously  interpreted,  as 
it  was  not  known  that  many  A'enoms  produced  intravascular  clotting. 
This  source  of  confusion  must  be  eliminated  before  the  direct  effect  of 
a poison  upon  tlie  heart  or  vasomotor  mechanism  can  be  estimated. 
More  recent  woi-kers  have  been  able  to  obviate  this  difficulty. 

The  venoms  of  cobras  exercise  a peculiar  effect  upon  the  blood- 
pressure  ; this  is  due  to  their  stimulating  action  upon  the  heart  and 
blood-vessels,  and  the  simultaneous  rapid  paralysis  of  the  respiration  before 
the  other  nervous  centres.  Consequently  the  picture  presented  is  a 
record  in  which  the  blood-pressure  remains  at  its  normal  height,  or  even 
slightly  raised,  until  the  respiratory  movements  are  no  longer  adequate 
to  aerate  the  blood  sufficiently.  The  vasomotor  and  vagus  centres  which 
are  not  yet  paralysed  respond  to  the  stimulus,  the  pressure  rises,  and  the 
heart  slows  much  as  in  asphyxia  in  a partially  curarised  animal.  If  artificial 
respiration  be  not  carried  out,  the  jtressure  slowly  falls,  as  the  heart  fails 
from  want  of  oxt^gen,  to  20-30  mm.  of  mercuiy.  If  artificial  respiration 
be  maintained,  the  pressure  keeps  up  sometimes  for  hours  and  only  slowly 
falls.  In  experiments  with  the  venoms  of  other  colubrine  snakes,  such 
as  Enhi/drina,  Bungarus  fasciatus,  B.  ca’rulcus,  Notechis  scutatus,  Xotcchis 
pseudechis,  and  Acanlhophis  antarctica,  the  results  are  different.  In  all  of 
these  cases  the  blood-pressure,  even  if  well  maintained  at  first,  soon  shews 
signs  of  failitig  pari  passu  with  the  paralysis  of  respii'ation  ; and  although 
in  some  cases  I'espiration  may  cease  before  the  onset  of  marked  circulatory 
depression,  the  latter  soon  follows,  and  artificial  respiration  is  incapable 
of  preventing  a slow  fall  of  blood-pressixre  to  zei'o.  Simultaneoush^  with 
the  fall  in  pressure  a rise  in  the  volume  of  the  spleen  or  bowels  has  been 
observed,  so  that  vasomotor  paralysis  is  in  large  part  responsible  for  the 
failure  of  the  circulation. 

The  effect  of  viperine  poisons  upon  the  blood-pressure  is  to  produce  a 
considerable  fall,  which  is  to  a large  extent  due  to  the  action  of  these 
ixoisons  upon  the  nervous  vasomotor  mechanism.  The  inffnence  of  the 
venoms  of  Dahoia,  ]iuff-adder,  Larhesis,  and  Crotahis  ujxon  the  circula- 
tion is  more  striking  than  the  effect  upon  the  respiration,  and  the  great 
depression  which  is  a symptom  of  viperine  poisoning  may  no  doubt  be 
explained  in  this  way. 

Idle  effect  of  all  the  venoms  which  cause  fall  of  blood-pressure  is 
exaggerated  when  they  are  introduced  intravenously. 

Action,  of  Venoms  on  Blood-plasma. — Most,  if  not  all,  of  the  poisons 
of  vipiu'ine  snakes,  and  the  venom  of  a number  of  the  Australian  cohi- 
brines  also,  contain  fibrin-ferments.  These  venoms  cause  ^clotting  in 
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every  kind  of  })lasma  in  which  coagulation  has  been  suspended  by 
artificial  means  ; and  if  introduced  with  suthcient  rajiidity,  as  by  intra- 
venous injection,  into  the  blood-stream  of  an  animal,  whether  reptile, 
amphibian,  biril,  or  mammal,  intravascular  clotting  takes  })lace  and  con- 
sequently cessation  of  the  circulation.  This  is  indeed  the  way  the  death 
of  small  animals,  which  form  the  prey  of  these  snakes,  is  usually 
brought  about.  The  snake  injects  a large  (piantity  of  venom,  relatively 
to  the  minimal  lethal  dose,  and  the  effect  is  the  same  <i,s  when  smaller 
quantities  are  introduced  directly  into  a vein.  In  snake-poisoning  in 
man,  however,  these  fibrin-ferments  do  not  play  an  important  part,  as 
they  do  not  reach  the  circulation  with  sufficient  rapidity  to  pi'oduce 
general  thrombosis.  The  effect  upon  the  plasma  in  these  circumstances 
is  in  the  opposite  direction,  and  the  blood  is  found  to  possess  diminished 
coagulability,  or  even  to  fail  to  clot  at  all.  This  negative  phase  oidy 
occurs  in  the  living  body.  It  establishes  a kind  of  immunity  against  the 
ferment,  for  when  the  blood  has  arrived  at  this  condition  the  further 
addition  of  large  quantities  of  ferment  fails  to  cause  clotting.  The 
mechanism  of  this  immunity  has  not  been  ascertained. 

The  poisons  of  the  cobras  contain  a substance  the  direct  action  of 
which  prevents  the  coagulation  of  blood.  This  effect  is  manifested 
either  in  the  liody  by  the  presence  of  a non-coagulable  blood  after 
injection  of  cobra-poison  or  m vitro  upon  oxalate-  or  citrate -plasma. 
Plasma  kept  fluid  by  either  of  these  means,  to  which  cobra-venom  has 
been  added,  fails  to  clot  on  the  subsequent  addition  of  lime.  The  venoms 
of  the  other  Indian  colubrine  snakes  exert  no  influence  upon  blood- 
plasma. 

Effect  of  Venoms  on  Blood -cc/rpiscles. — The  effect  of  crotalus- venom 
’upon  red  blood -corpuscles  was  pointed  out  by  AVeir  Mitchell  and 
. Reichert,  who  found  that  the  red  corpuscles  lost  their  biconcave  form 
.and  became  spherical  and  sticky,  so  that  they  adhered  together  in 
•strings.  Subsequently  the  hasmoglobin  dissolved  out  and  they  became 
I invisible.  Kagotzi  observed  the  same  dissolution  of  corpuscles  with 
t cobra-poison,  and  Feoktistow  with  the  poison  of  Pelias  herns,  the  common 
viper  of  Europe.  The  venoms  of  the  Australian  colubrines,  Notcchis 
■scutatus  and  N.  pseudeckis,  possess  powerful  hoemolytic  action,  and 
Ihaemolysins  have  in  recent  years  been  shewn  to  exist  to  some  extent 
iin  the  poisons  of  all  the  snakes  that  have  been  investigated. 

The  activity  of  these  hfemolysins  for  the  corpuscles  of  different 
i animals  varies  enoi'mously,  and  the  venoms  of  some  snakes  contain  ha^mo- 
lly.sins  more  potent  for  the  corpuscles  of  one  species  of  animal,  whereas 
t those  of  anotlier  snake  are  more  active  in  hsemolysing  the  blood-corpuscles 
I of  a different  specie.s.  H;emolysis  is  seldom,  however,  a marked  feature 
iof  human  poisoning  by  any  venom,  because  the  dose  of  a venom  necessaiy 
•to  destroy  life  by  other  means,  ep.  by  paralysis  of  respiration,  is  very 
much  less  than  the  quantity  necessary  to  produce  any  very  extensive 
(destruction  of  blood-cells. 

The  most  marked  htemolysis  in  vivo  is  produced  by  the  venom  of  the 
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Australian  black  snake  NotecMs  pseudecMs,  when  sub-minimal  lethal  doses 
are  injected  into  dogs.  In  some  cases  the  red  cells  were  reduced  in  two 
days  to  one  half  their  original  number,  and  the  urine  was  saturated  with 
ha?raoi!:lobin.  This  large  effect  was  not  seen  when  other  animals  were 
experimented  upon. 

In  recent  years  light  has  been  thrown  upon  the  mechanism  of  venom 
hajmolysis  by  Flexner  and  Noguchi,  and  Kyes  and  Sachs,  who  have 
shewn  that  the  phenomenon  is  in  many  respects  analogous  to  serum 
hasmolysis  and  bacteriolysis.  On  this  account  experiments  with  venoms 
have  attracted  an  additional  interest,  as  they  have  been  found  suitable 
for  employment  in  fundamental  experiments  concerning  cytolysis  iu 
general.  Flexner  and  Noguchi  found  that  certain  washed  blood- 
corpuscles  were  not  limmolysed  by  venom,  but  that  when  the  previously 
separated  serum  was  added  solution  took  place.  They  concluded,  there- 
fore, that  in  the  process  of  hyemolysis  venoms  act  only  as  intermediary 
bodies  or  amboceptors,  and  require  a complement  to  complete  the  reaction. 
This  interpretation  of  the  action  of  hsemolysins  in  snake-venom  has  been 
confirmed  by  Kyes  and  Sachs,  who  found,  however,  that  the  washed 
cells  of  some  animals,  e.g.  dog,  horse,  man,  were  haemolysed  to  some 
extent  by  cobra-venom  alone,  and  explained  this  as  due  to  these  cells 
containing  complement  within  themselves.  In  further  experiments  they 
shewed  that  lecithin  was  capable  of  acting  as  complement  in  the  case  of 
cobra-venom,  so  that  their  explanation  of  endo-complement  is  probable. 
One  of  us  (G.  L.)  has  confirmed  and  extended  these  observations  on 
venom  haemolysis,  and  has  also  demonstrated  that  in  the  absence  of  com- 
plement or  complementoid  the  haemolytic  amboceptor  of  venom  is  not 
taken  up  by  the  red  cell. 

Action  of  Venoms  upon  IVhite  Blood-cells. — The  effect  of  most  venoms 
upon  leucocytes  has  not  been  studied.  The  effect  of  1 per  cent  solution 
of  the  venoms  of  two  Australian  snakes  upon  the  white  cells  of  the  frog 
and  mammals  upon  a warm  stage  shewed  that  after  a few  minutes  all 
movements  ceased,  the  cells  became  granular  and  the  nuclei  more  dis- 
tinct, and  in  half  an  hour  to  one  hour  many  of  them  were  dissolved. 
Besides  inhibiting  the  movements  of  leucocytes  outside  the  body,  these 
snake-venoms  also  interfere  with  their  vital  activity  in  the  bod}',  as  shewn 
by  the  following  experiment,  which  is  one  of  a series  with  similar  results. 
Two  small  pieces  of  sterilised  sponge,  about  1 mm.  cube,  were 
aseptically  introduced  into  the  abdominal  wall  of  a guinea-))ig.  One  of 
these  little  sponges  had  been  soaked  in  7 per  cent  solutioTi  of  NaCl  con- 
taining 1 per  cent  of  venom,  the  other  in  the  saline  solution  without  the 
venom.  Both  sponges  were  pushed  about  a centimetre  away  from  the 
incision,  which  was  afterwards  drawn  together  by  a horse-hair  sutui-e  and 
covered  with  collodion.  After  two  hours  oedema  occurred  around  the 
venom-containing  sponge,  but  not  around  the  other.  At  the  expiration 
of  five  hours  the  aiiimal  was  killed,  and  both  sponges  were  carefully  with- 
drawn and  plunged  into  absolute  alcohol.  Sections  of  the  two  sponges 
treated  in  the  same  way  presented  very  different  appearances.  The 
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control  was  intiltrated  with  leucocytes  which  stained  well  with  ordinary 
nuclear  stains  ; the  other  conhiined  leucocytes  near  the  margins  only,  and 
many  of  these  were  broken  down  and  took  the  stain  l)adly  or  not  at  all. 
From  these  sponge  experiments  it  was  concluded  that  whereas  into  the 
control  sponge  the  leucocytes  by  their  ammboid  movements  could  penetrate 
uidiarmed,  in  the  other  sponge  their  activity  was  paralysed ; they 
succumbed,  and  were  eventually  disintegrated  by  the  solution  of  the 
venom. 

Flexner  and  Noguchi  have  since  made  a more  complete  and  accurate 
study  of  venom  leucolysis.  They  used  the  poisons  of  cobra,  rattle- 
snake, and  moccasin,  and  found  ‘002  per  cent  solutions  efl’ective  in  vilro. 
After  a time,  depending  upon  the  concentration  of  the  venoms,  motility 
ceased,  follou'ed  by  granulation  and  disintegration.  They  found  that  the 
leucolysin  was  distinct  from  the  hremolysins  in  these  venoms,  and  that 
the  process  was  of  the  same  nature  as  htemolysis,  and  required  the  addi- 
tion of  a complement,  which  was  contained  in  the  animal’s  own  serum. 

Effect  on  the  Blood-vessels. — The  occurrence  of  hteniorrhages  both  locally 
and  all  over  the  body  is  most  marked  after  poisoinng  by  the  venoms  of 
South  American  vipers  of  the  species  Lachesis.  It  is  particularly 

characteristic  of  the  action  of  the  Crotalinaj,  and  is  a prominent  feature  of 
all  viperine  poisoning.  It  also  occurs,  but  to  a small  extent,  with  some 
of  the  Australian  colubrines.  Weir  Mitchell  first  investigated  the 
mechanism  of  the  phenomena  of  haemorrhagic  extravasation.  He  pre- 
pared the  mesentery  of  a warm-blooded  animal  for  microscopical 
observation  on  the  warm  stage,  and  then  applied  crotalus-venom  to 
it.  He  noticed  an  almost  immediate  dissolution  of  the  continuity 
of  the  capillary  walls  with  which  the  poison  came  in  contact.  This 
occurred  suddenly,  and  was  not  preceded  by  any  diapedesis  of  white 
corpuscles.  The  blood  escaped,  without  previous  indication,  from 
those  capillaries  which  were  nearest  to  an  arterial  twig,  and  in  which, 
therefore,  the  hydrostatic  pressure  was  highest.  Ligature  of  the 
vessels  going  to  the  part  pi-e vented  further  haemorrhage. 

Flexner  has  given  the  name  of  luernorrhagins  to  the  constituents 
of  venoms  which  destroy  the  continuity  of  vessel-walls,  and  looks  upon 
them  as  cytolysins  for  endothelial  cells  of  blood -ves.sels.  Careful 

histological  observations  of  the  effect  of  haemorrhagins  shew  that  there  is 
a definite  solution  of  continuity  of  the  endothelial  lining  of  the  capillaries, 
so  that  this  view  is  no  doubt  correct. 

Examination' of  the  Gases  in  Blood  after  Boisoning  with.  Venom.— 
Beyond  setting  it  fi'ee  from  the  corpuscles,  snake-venoms  exert  no  influ- 
ence on  the  harmoglobin  of  the  blood  : it  is  still  capable  of  taking  up 
oxygen  and  parting  with  it  as  under  normal  conditions.  In  an  animal 
poisoned  with  the  venom  of  the  Australian  black  snake  the  quantity  and 
also  the  tension  of  oxygen  in  arterial  blood,  except  immediately  jn-eceding 
death  Avhen  the  i-espiration  and  circulation  wei'e  failing,  wei'C  found  to  be 
approximately  normal.  The  absolute  quantity  and  tension  of  CO,  were 
both  usually  a little  higher  than  before  the  injection.  This  is  easily 
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explained  by  the  diminished  respiratory  movements  and  retarded  circula- 
tion. Artificial  respiration  reduced  the  excess  to  a small  extent.  As 
death  approached,  both  the  tension  and  the  quantity  of  CO.^  contained  in 
the  blootl  increased  greatly  from  the  same  cause. 

Influence  of  Snake-venoms  on  the  Gei'micidal  Action  oj  Serum. — eir 
Mitchell  has  frequently  pointed  out  that,  as  a general  rule,  the  charac- 
teristic local  extravasations  of  crotalus-poisoning  suppurate  or  become 
gangrenous,  and  that  bodies  of  animals  dead  of  rattlesnake-poisoning 
putrefy  with  extreme  rapidity.  Feoktistow  made  the  interesting  observa- 
tion afso  that  the  bloody  effusions  in  the  pleura  and  pericardium  some- 
times contain  micro-organisms  immediately  after  death  ■,  and  that  cultures 
of  these  organisms,  when  injected  into  healthy  animals,  produce  no  effect. 
Ewing  repeated  some  of  Nuttall  and  Buchner’s  obseiwations  on  the 
germicidal  power  of . serum,  and  instituted  a series  of  comparative 
experiments  with  the  jfiasma  or  serum  of  animals  poisoned  with 
crotalus-venom ; he  found  that,  after  poisoning  with  ci’otalus-venom, 
the  normal  germicidal  power  of  rabbit’s  serum  for  B.  anfhracis  and 
]}.  coli  was  entirely  lost. 

Experiments  made  in  Sydney  with  the  venoms  of  Noteclns  imuclcchis 
confirmed  these  results  of  Ewing.  In  1902,  Flexner  and  Noguchi  made 
a further  study  of  this  action  with  the  venoms  of  the  cobra,  moccasin, 
copperhead,  and  rattlesnake,  in  the  light  of  facts  which  had  been  ascer- 
tained concerning  the  phenomena  of  bacteriolysis.  They  experimented 
with  H.  anthracis,  B.  coli,  and  B.  tijphi,  and  the  serum  of  the  rabbit,  and 
shewed  that  tlie  action  depended  upon  the  presence  in  venoms  of  bodies 
of  the  nature  of  anti-complement. 

Morbid  Anatomy  in  Man. — The  number  of  carefully  recorded  autopsies 
is  small.  In  cases  of  death  from  cobra-bite  rigor  mortis  occurs  as  usual. 
The  areolar  tissue  in  the  region  of  the  bite  is  infiltrated  Avith  pinkish  fluid, 
and  the  neighbouring  vessels  are  injected.  The  l)lood  is  often  fluid,  and 
Avhen  examined  by  the  microscope  directly  after  death  it  presents  no 
changes.  The  brain  appears  to  be  normal ; but  the  veins  of  the  pia 
mater  are  usually  gorged  with  blood,  and  the  A’entricles  often  contain 
turbid  fluid.  The  lungs  are  usiially  congested,  and  the  lining  membrane 
of  the  l)ronchi  is  intensely  injected.  The  appearance  of  the  kidneys  varies 
from  the  normal  to  one  of  excessive  coimestion. 

After  death  from  poisoning  by  one  of  the  vipieriim  snakes,  the  region  of 
the  bite  is  the  seat  of  intense  oedema  and  extravasation  of  blood.  If  the 
poison  be  introduced  into  the  .subcutaneous  tissue  the  underlying  muscles 
are  frequently  disorganised  and  eA'cn  diffluent  from  extravasation  of  blood 
in  their  midst.  Haemorrhages  may  also  be  found  in  any  of  the  organs 
and  along  the  alimentary  tract.  The  kidneys  are  acutely  congested  or 
hpemorrhagic.  The  blood  is  fluid. 

Autopsies  in  cases  of  bite  by  Australian  species  of  snakes  present,  as  a 
rule,  the  .same  appearances  as  those  detailed  in  cobra-bite.  The  blood  is 
almost  invariably  fluid,  but  may  contain  a few  soft  coagula.  The  hmgs 
may  be  the  seat  of  haemorrhages ; in  cases  in  which  blood  has  escaped 
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from  mucous  tracts  during  life  these  surfaces  are  intensely  congested  and 
hivmorrhagic.  The  nervous  system  merely  sheAvs  hypeiwmia. 

In  the  case  of  bites  by  viperine  snakes,  should  the  patient  survive  for 
some  days  the  region  of  the  bite  is  often  the  seat  of  a large  slough  or 
even  of  a rapidly  advancing  emphysematous  gangrene.  This  local 
condition  will  of  course  depend  upon  the  species  of  bacterium  which  has 
become  implanted  in  the  tissues  already  devitalised  by  the  venom. 

Symptoms  of  Snake-bite  in  the  Human  Subject. — We  have  already 
pointed  out  that  venoms  are  very  complex  substances,  each  made  uja  of 
several  constituents  of  different  physiological  action,  aiid  that  the  dis- 
similarity in  the  effects  produced  upon  man  and  animals  by  the  different 
venoms  is  entirely  due  to  the  j)roportions  in  Avhich  the  different  groups 
of  toxic  substances  occur  in  each  poison.  The  symptoms,  in  cases  of 
snake-bite,  also  vary  someAvhat  according  to  the  amount  of  A'enom 
injected  and  the  site  of  injection,  in  so  far  as  this  latter  influences  the 
rapidity  of  absorption  of  the  venom.  The  physiological  actions  and 
symptoms  produced  by  A'enoms  can  only  Ite  roughly  classified  into  two 
groups  corresponding  to  the  colubrine  and  viperine  families.  So  that  it 
is  necessary  to  consider  separately  the  symptoms  seen  in  cases  of  in- 
toxice'ition  from  the  venoms  of  some  of  the  more  important  species,  the 
bites  of  which  are  dangerous  to  life. 

Cohra-hite.—T!\x(i  first  symptom  is  a sensation  of  burning  pain,  more  or 
less  severe,  at  the  seat  of  inoculation.  The  spot  soon  becomes  red, 
tender,  and  swollen.  An  interval  of  about  half  an  hour  usually  occurs 
before  the  patient  experiences  any  constitutional  symptoms  : he  then  feels 
intoxicated,  sleepy,  and  weak  in  the  legs  •,  the  weakness  increases  until 
he  is  imable  to  stand.  Profuse  salivation,  paralysis  of  the  tongue  and 
larynx,  Avith  inability  to  speak  or  SAvalloAv,  soon  supervene.  Nausea  and 
Ammiting  are  of  frequent  occurrence.  The  paralysis  uoav  becomes  more 
general  and  decided ; the  patient  lies  on  his  back,  incapable  of  move- 
ment ; his  breathing  becomes  slower  and  the  respiratoiy  excursions 
diminish;  he  appears  to  be  conscious,  but  unable  to  express  himself; 
the  action  of  the  heart  is  quickened,  but  of  fair  strength.  At  length  the 
breathing  ceases,  Avith  or  Avithout  convulsions,  and  the  heart  soon  stops. 
Up  to  or  immediately  preceding  the  respiratory  cessation  the  pujfil 
remains  contracted  and  reacts  to  light.  Should  the  patient  survive  the 
paralytic  symjAtoms  he  returns  rapidly  into  a state  of  complete  health. 
There  are  occasional  discharges  of  blood  from  mucous  surfaces,  but  the 
urine  never  contains  albumin. 

Bite  of  Bungarua  carvleus  (krait). — There  is  no  doubt  that  bites 
from  this  snake  are  extremely  dangerous,  and  that  a consideral)le 
percentage  of  the  total  deaths  from  snake-bite  in  India,  especially  in 
Northern  India,  is  due  to  it.  The  symptoms  seen  in  cases  of  krait- 
bite  are  someAvhat  similar  to  those  already  described  in  cases  of 
cobra-venom  intoxication.  In  a recent  case  in  a soldier  in  India,  of 
Avhich  Ave  have  notes,  the  chief  symptoms  observi'd  Avere  paralysis  of 
articulation,  embarrassed  and  stertorous  breathing,  and  semi-consciousness. 
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There  was  no  local  swelling  or  reaction  at  the  site  of  the  bite,  which  was 
on  the  ring  finjjer.  Death  took  place  aV)out  eight  hours  after  the  bite. 

Hite,  JiUiuiaruft  fasciatm. — No  authentic  cases  of  bites  from  this 
snake  have  been  described  in  the  human  subject.  The  symptoms,  there- 
fore, which  would  be  met  with  can  only  be  deduced  from  those  which 
have  been  observed  in  animal  e.xperiments,  especially  in  monkeys.  If  a 
large  amount  of  this  poison  be  injected  directly  into  the  circulation,  intra- 
vascular thrombosis  results  and  the  s}unptoms  observed  are  due  to  this 
pathological  condition.  As,  however,  this  can  practically  never  happen 
in  nature  we  need  not  discuss  it  further.  The  ordinary  cases  may  be 
divided  into  two  classes  ; those  in  which  death  takes  place  within  the 
first  forty-eight  or  seventy-two  hours  after  the  bite ; and  those  in  which 
death  is  dehayed  for  from  six  to  twelve  days.  In  the  first  class  of  acute 
nervous  cases  the  symptoms  are  similar  to  those  seen  in  cobra-venom 
intoxication.  Death  is  due  to  paralysis  of  the  respiratory  centre.  The 
local  reaction  is  much  less  than  in  cases  of  cobra-bite — in  fact,  little  or 
nothing  is  to  be  observed  at  the  site  of  the  bite.  In  the  second  class  of 
cases  we  have,  however,  to  deal  with  a condition  which  is  never  seen  in 
cobra-venom  poisoning,  Tior,  in  fact,  in  poisoning  with  any  other  venom 
with  which  we  have  worked.  In  these  cases  death  is  delayed  for  from 
six  to  twelve  days.  There  is,  as  a rule,  an  interval  after  the  bite,  varying 
from  two  to  six  days,  in  Avhich  no  symptoms  are  observed.  After  this 
interval  a comparatively  chronic  disease,  which  almost  invariably  ends 
fatally,  begins.  The  symptoms  which  arise  during  this  late  period  of 
intoxication  are  not  in  the  least  like  those  .seen  in  the  acute  cases  of 
poisoning,  either  with  cobra-venom  or  with  the  venom  of  Bunqarm 
fasciatns  itself.  There  are  loss  of  appetite  and  great  depression  ; but 
marked  muscular  weakness  and  atrophy,  extreme  emaciation,  and  loss  of 
Aveight  are  the  prominent  symptoms.  There  is  also  a marked  diminution 
of  the  urine,  and  irregular  elevations  of  temperature  are  sometimes 
observed.  Purulent  discharges  from  the  eyes,  nose,  and  rectum  occur 
late.  The  emaciation,  loss  of  Aveight,  and  muscular  atrophy  progress 
rapidly,  and,  as  a rule,  end  in  death  after  a feAv  days  of  illness. 

Bite  of  Efihiidrina  ralakadien. — This  species  is  the  commonest  of  the 
sea-snakes ; it  is  very  abundant  along  the  coasts  of  India  and  Burma  to 
the  Malay  Archipelago  and  New  Guinea.  There  are  no  authentic  cases 
on  record  of  bites  in  the  human  subject,  so  in  this  instance  also  the 
description  of  symptoms  is  taken  from  animal  experiments.  The 
symptoms  observed  in  animals  after  injection  of  this  poison  are  very 
similar  to  those  of  cobra-A'enom  intoxication.  The  local  reaction  is, 
however,  veiy  slight ; and,  further,  there  are  no  symptoms  Avhich  point 
to  any  action  of  the  poison  on  the  coagulability  of  the  blood-plasma  or  on 
the  red  cells.  There  is  progressive  paralysis  accompanied  l)y  dyspnoea, 
Avhich  latter  symptom  is  much  more  marked  than  in  cases  of  cobra-venom 
poisoning ; death  is  preceded  by  respiratory  convulsions.  The  heart 
goes  on  beating  for  sevend  minutes  after  the  respiration  has  ceased. 

Bite  of  Battlesnake. — The  pain  of  the  Avound  is  severe,  and  is  speedily 
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followed  by  swelling  and  discoloration  ; sometimes  there  is  hoamorrhage 
from  the  wound.  Constitutional  symptoms  occur,  as  a rule,  in  less  than 
fifteen  minutes.  These  consist  in  progressive  prostration,  which  eventually 
becomes  appalling,  staggering  gait,  cold  sweats,  nausea  and  vomiting, 
<piick  and  feeble  pidse,  dilated  pnjhls,  and  slight  mental  disturbance.  In  this 
state  the  patient  may  die  about  twelve  hours  after  the  bite.  If  he  recover 
from  the  depression  the  local  symptoms  begin  to  play  a much  more 
important  part  than  in  cobra-poisoning.  The  swelling  and  discoloration 
extend  np  the  limb  and  truid\,  and  symptoms  of  general  blood-poisoning 
set  in  with  rise  of  temperature,  puffy  face,  great  weakness,  and  repeated 
syncope.  Ihe  i^ulse  is  cpuck  and  feeble,  and  the  respiration  laboured. 
Sometimes  the  mind  is  clear;  sometimes  there  are  restlessness  and  delirium. 
Death  may  occur  in  this  stage,  and  is  sometimes  preceded  by  convulsions. 
The  local  hiemorrhagic  extravasation  frequently  suppurates  or  becomes 
gangrenous,  and  from  the  results  of  this  the  patient  may  die  even  weeks 
afterwards.  ^Vhen  the  dose  has  been  a less  severe  one  the  swelling  may 
decline  and  pain  disappear  rapidly.  Recovery  from  the  acute  symptoms 
is  in  almost  every  case  sudden  and  astonishing  when  contrasted  with  the 
gravity  of  the  symptoms ; within  a few  hours  the  patient,  from  being  in 
a moribund  condition,  becomes  bright  and  intelligent. 

Bite  of  the  European  Viper. — The  symptoms  following  the  bite  of  the 
European  viper  resemble  those  of  a small  dose  of  rattlesnake-venom. 
The  bite  is  immediately  followed  by  local  pain  of  a burning  character; 
the  limb  soon  swells  and  becomes  discoloured,  and  Avithin  from  one  to 
three  hours  great  prostration,  accompanied  by  vomiting  .and  often 
diarrhoea,  sets  in.  Cold  clammy  perspiration  is  usual.  The  pulse 
becomes  extremely  feeble,  and  slight  dyspnoea  and  restlessness  may  be 
seen.  In  severe  cases,  which  occur  mostly  in  children,  the  pulse  ma}’ 
become  imperceptible  and  the  extremities  cold  ; the  patient  may  pass  into 
coma.  In  from  twelve  to  twenty-four  hours  these  severe  constitutional 
symptoms  u.sually  pass  off;  but  in  the  meantime  the  swelling  and  dis- 
coloration have  spread  enormously.  The  limb  becomes  phlegmonous  and 
occasionally  suppurates.  Within  a few  days  recovery  usually  occurs 
somewhat  suddenly,  Imt  death  may  occur  from  the  severe  depression,  or 
fi'om  the  secondary  effects  of  suppuration. 

Bite  of  Daboia  nissellii. — This  snake  may  be  taken  as  the  typical 
Indian  viper ; it  is  very  Avddely  distributed  throughout  the  Peninsula, 
Ceylon,  Burma,  and  Siam.  It  is  also  found  in  the  Himalayas  up  to  6000 
feet  at  least.  It  is  one  of  the  most  deadly  snakes,  and  next  to  the  cobra 
probably  causes  more  deaths  in  India  than  any  other  snake.  If  daboia- 
venom  be  injected  directly  into  the  blood-stream,  a condition  which  might 
happen  in  the  ca.se  of  a bite  in  man,  violent  convulsions  rapidly  .set  in 
and  soon  end  in  death.  These  symptoms  are  due  to  a more  or  less 
general  intravascular  thrombosis.  AVhen  the  poison  is  introduced  into 
the  subcutaneous  tissues  the  symptoms  may  be  divided  into  local  and 
general.  Locally  there  are  very  severe  pain  and  rapid  onset  of  swelling, 
which  soon  extends  up  the  limb,  if  the  bite  is  on  an  extremity ; there  is 
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often  a blood-stained  discharge  from  the  wounds,  hjcchymosis  is  soon 
very  apparent  all  round  the  site  of  the  punctures. 

The  general  symptoms  are  marked  collapse,  a small  thready  pulse, 
cold  sweats,  nausea,  and  vomiting,  pupils  dilated  and  insensitive  to 
light,  and  often  complete  loss  of  consciousness.  The  patient  may 
temporarily  recover  from  these  general  symptoms,  only  to  fall  into  a 
deeper  state  of  collapse  than  before.  Death  often  takes  place  within 
a short  time  after  the  infliction  of  the  bite.  If,  however,  recovery 
from  this  depression  takes  place,  the  local  condition  plays  an  important 
part  in  the  subsequent  history  of  the  case.  The  swelling  extends 
rapidly ; there  is  a large  extravasation  of  blood  with  much  cndema  all 
round  the  ])unctures.  Extensive  local  suppuration  and  sloughing, 
malignant  mdema,  or  tetanus  may  supervene  ; and  the  symptoms  of 
these  conditions  may  now  be  added  to  those  due  directly  to  the  venom. 
These  latter  symptoms  consist  of  cedema  of  the  dependent  ]>arts,  and  hsemor- 
rhages,  often  severe,  from  the  rectum  and  other  orifices  of  the  body; 
all)iiminuria  or  InTemori’liage  from  the  kidneys  is  a constant  symptom. 
Kapil  1 emaciation  soon  appears,  and  in  the  pi'olonged  cases  a ])rofound 
anremia  and  lethargy  set  in.  There  is  an  absence  of  paralysis  and  of 
any  symptoms  which  might  point  to  an}'^  direct  action  of  the  poison  on 
the  central  nervous  system.  Death  may  be  dela}'ed  for  several  days ; 
this,  however,  depends  more  on  the  local  condition.  Recovery  in  these 
cases  is  not  at  all  nncommon. 

Bite  nf  Echis  carinata. — This  is  a comparatively  small  snake,  although 
its  poison  is  extremely  active.  The  symptoms  following  its  bite  are 
similar  to  tho.sc  of  daboia-bite.  The  local  swelling  and  haemorrhagic 
extravasation  are  severe.  As  the  amount  of  venom  injected  at  each 
bite  is  coin])aratively  small,  recoveries  are  fairly  common,  and  it  is 
probable  that  the  mortality  from  this  snake  is  not  large.  Recently 
an  authentic  case  came  under  observation  in  St.  George’s  Hospital, 
Bojnbay,  of  which  we  have  full  notes.  A man  was  bitten  on  the  temple 
by  an  Echh  carinata,  which  was  in  captivity  in  the  Museum  of  the  Bombay 
Natural  History  Society.  He  came  under  observation  a quartei-  of  an 
hour  after  the  bite,  and  was  then  very  frightened  and  had  an  anxious 
look  on  his  face.  The  whole  of  the  temple,  on  which  two  small  jiunctures 
could  be  seen,  was  swollen  and  ecchymosed,  the  swelling  extending  to 
the  side  of  the  face  and  including  the  upper  and  lower  eyelids.  There 
was  severe  pain  over  the  wounds.  The  blood  which  exuded  fi-om  inci- 
sions made  over  the  punctures  was  very  liquid,  and  remained  imclotted. 
Vomiting  soon  began  and  continued  till  death.  The  pulse  was  very 
small,  feeble,  irregular,  rapid,  and  at  times  could  hardly  be  felt  at  the 
wrist.  Extreme  restlessness  and  complete  insomnia  were  marked 
symptoms.  The  extremities  were  cold  and  clammy.  The  patient 

remained  conscious  for  many  hours  ; but  a short  time  before  death,  which 
took  place  twenty-five  hours  after  the  bite,  he  became  unconscious  and 
delirious.  There  were  no  hemorrhages  from  any  of  the  orifices. 

Bite  of  A uMrahan  Species  of  Snakes. — The  pain  and  local  swelling  which 
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follow  ii  hite  by  one  of  the  larger  Australian  colubrines  are  not  usually 
severe.  Constitutional  symptoms  appear  in  from  fifteen  minutes  to  two 
hours.  The  first  symptom  is  almost  invariably  a feeling  of  faintness  and 
an  irresistible  desire  to  sleep.  On  an  attemjjt  to  walk  the  gait  becomes 
staggering,  and  the  weakness  in  the  legs  increases  until  the  patient  is 
unable  to  stand  alone.  Alarming  symptoms  of  prostration  then  supervene, 
and  are  often  accompanied  by  Aomiting.  The  heart’s  action  becomes 
extremely  feeble,an(l  the  pulse  thread-like  and  uncountable;  the  extremities 
ai’e  cold  and  the  skin  blanched.  The  respiration,  which  at  first  is  some- 
what (juickened,  becomes  shallower  from  hour  to  hour  as  the  coma  increases. 
Sensation  is  blunted,  and  eventually  stimulation  of  the  nerves  of  special 
sense  ceases  to  evoke  any  reaction  : the  pupil  is  Avidely  dilated  and 
insensible  to  light.  In  this  state  death  may  occur  from  gradual  cessation 
of  respiration ; it  is  sometimes  preceded  by  convulsions.  The  heart, 
Avhich  has  become  extremely  feeble  in  its  action,  may  sometimes  be  felt  to 
beat  for  a fcAv  seconds  after  the  cessation  of  respiration.  In  some  cases 
luemorrhagic  extravasation  also  occurs  from  some  mucous  surface  ; so 
that  the  patient  coughs  or  vomits  blood,  or  ])asses  it  by  the  rectum  or 
kidneys,  but  this  is  unusual.  Albuminuria  has  been  generally  found 
Avhen  looked  for,  and  may  be  accompanied  by  blood  or  blood-pigment  in 
the  urine.  If  the  patient  survive  the  coma,  recovery  is  complete ; and, 
as  a rule,  is  rapid  and  without  any  secondary  sym])toms. 

Prognosis.- — If  Ave  assume  that  the  susceptibility  of  man  to  snake- 
poisons  is  Avei^ht  for  Aveight  not  greatly  different  to  that  found  for  a 
monkey  or  a dog,  then  by  reference  to  the  tables  above,  setting  forth  the 
<juatitity  of  venom  Avhich  different  snakes  can  eject  at  one  time  and  their 
minimal  lethal  dose,  it  is  obvious  that  the  larger  serpents  can  discharge 
many  lethal  doses,  in  the  case  of  the  cobra  20  lethal  doses,  into  a person 
bitten.  Nevertheless,  the  mortality  in  persons  bitten  by  the  larger 
snakes  of  India  and  South  Ameiica  Avould  not,  from  the  scanty  records 
available,  appear  to  be  more  than  30  per  cent.  If  these  figures  represent 
the  truth,  either  the  susceptibility  of  man,  Avcight  for  Aveight,  is  greatly 
less  than  that  of  most  other  animals,  or  else  in  the  circumstances  in  Avhich 
a snake  bites  a man  the  reptile  is  seldom  able  to  inject  its  full  chai-ge. 
The  former  alternative  seems  to  us  unlikely  on  general  grounds,  and  Ave 
incline  to  the  latter  vieAv  as  the  more  jtrobable.  When  a snake  bites  a 
man,  it  is  genetally  in  a hurry  and  it  is  not  permitted  to  gnaAv  aAvay  at 
its  victim  in  the  same  Avay  as  it  is  encouraged  to  bite  a Avatch-glass  for 
the  purpose  of  collecting  Amnom  in  the  laboratory. 

Treatment  of  Cases  of  Snake -bite.  — When  a person  has  been 
bitten  by  a poisonous  snake  our  efforts  to  influence  the  result  should  take 
tAvo  directions:  (1)  to  prevent  the  absorption  of  the  poison;  (2)  to 
counteract  or  le.ssfn  its  effects  on  the  organism. 

(1)  With  the  first  object  a ligature  should  immediately  be  placed  on 
the  litnb  above  the  situation  of  the  bite ; the  ligature  must  of  course  be 
applied  AAdiere  there  is  on'y  one  bone  and  not  on  the  foi-earm  or  loAver 
leg.  Wall  strongly  recommends  a stout  india-rubber  band  as  being  by 
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far  the  best  material  for  use  as  a ligature  ; but  in  ordinary  circumstances 
only  a portion  of  clothing  would  be  available,  and  answers  quite  well. 
The  ligature  must  be  tightly  applied ; this  is  easily  attained  by  passing 
a stick  under  the  ligature  and  twisting  it.  The  action  of  the  ligature  is 
to  delay  the  absorption  of  the  venom  for  just  so  long  as  it  may  be 
applied,  and  in  the  case  of  venoms,  such  as  those  of  the  cobra  and  the 
krait,  which  contain  no  fibrin-ferment,  this  is  all  that  is  accomplished  by 
its  use.  In  those  venoms,  however,  which,  like  Edm  carinata  and  many 
of  the  Australian  snakes,  contain  fibrin-ferment,  it  operates  in  another  way 
and  one  which  would  hardly  have  been  expected.  Experiments  with  the 
poisons  of  Notediis  scutatus  and  iV.  pseudediis  have  shewn  that  six  times  a 
fatal  dose  of  these  venoms  may  be  injected  into  the  leg  of  a rabbit  and  bo 
followed  by  little  or  no  constitutional  disturbance,  provided  an  elastic 
ligature  be  applied  immediately  afterwards  above  the  seat  of  inoculation 
and  allowed  to  remain  on  for  twenty  minutes.  These  experiments  have 
been  frequently  repeated,  and  on  dissecting  down  onto  the  situation  of 
the  injection  it  was  discovered  that  the  blood  and  lymph  in  the 
immediate  neighbourhood  of  the  seat  of  inoculation  were  completely 
solid,  so  that  the  poison  was  temporarily  shut  up  and  could  only  be 
slowly  absorbed  subsequently.  Moreover,  it  is  not  unlikely  that  a good 
deal  of  it  became  combined  with  the  cells  in  the  locality.  On  repeating 
these  experiments  with  the  same  venoms  which  had  been  exposed  to  a 
temperature  of  75°  C.,  so  as  to  destroy  the  fibrin -ferment,  the  only 
result  of  ligaturing  the  limb  was  to  delay  the  onset  of  symptoms  and 
death  of  the  animal  for  so  long  as  the  ligature  had  been  applied. 

Having  by  means  of  the  ligature  insured  that  no  more  poison  is 
absorbed,  the  next  step  is  to  destroy  or  remove  what  poison  still  remains 
deposited  locally,  with  the  object  of  preventing  as  much  as  possible  of 
the  venom  from  entering  into  the  general  circulation  on  removal  of 
the  ligature.  There  is  great  difficulty  iu  thoroughly  accomplishitig  this 
object.  Wall  has  correctly  pointed  out  that  the  poison  is  deposited 
not  in  the  skin  itself  but  in  the  areolar  tissue  beneath,  and  that  as  the 
skin  is  as  a rule  freely  movable  over  the  parts  below,  the  fangs  may  have 
dragged  it  away  from  its  proper  position  before  the  poison  is  injected. 
In  this  way  it  may  happen  th;it  the  poison  is  not  deposited  immediately 
beneath  the  punctures.  Keeping  this  possible  contingency  in  view.  Wall 
strongly  recommends  careful  and  deep  dissection  with  the  knife  of  all  the 
parts  likely  to  contain  the  poi.son.  The  dissection  must  be  free  in  all 
directions,  especially  so  in  the  direction  of  the  lymphatic  and  venous 
return.  In  the  case  of  the  fingers,  hand,  and  such  parts  it  should  be 
carried  right  down  to  the  bone.  After  this  free  and  careful  dissection, 
the  wound  should  be  freely  washed  out  with  a strong  solution  of 
l)ermanganate  of  potash,  which  will  destroy  any  poison  with  which  it 
comes  in  contact.  Many  other  methods  have  been  recommended  for  the 
destruction  of  the  pni,son  locally.  The  injection  of  any  substance,  such 
as  bleaching-povvder  or  chloride  of  gold,  as  recommended  by  Calmette, 
can  be  made  by  guess-work  only,  as  we  do  not  know  exactly  where  the 
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jK)ison  lies  ; iiiul  the  solution,  insteud  of  following  the  venom,  will  take  the 
line  of  least  resistance  in  the  tissues,  ami  if  the  patient  recover  Avill 
produce  a nast}^  slough.  Washing  the  punctures  with  any  kind  of 
.solution  is  of  course  futile.  Wall  also  considers  that  the  application  of 
any  destructive  agent  to  an  incision  through  the  wounds  is  almost 

useless ; he  found  that  such  a method  sometimes  succeeded  after  the 

injection  of  the  poison  with  a .syringe,  but  was  without  avail  aftei'  the 

natural  bite  of  a snake.  The  same  dithcidty  will  be  met  iii  the  method 

lately  advocated  by  Sir  L.  Brunton,  Sir  J.  Fayrer,  and  Major  Bogers, 
in  which  it  is  advised  that  an  incision  be  made  over  the  punctures 
with  a lancet-shaped  blade  and  ciystals  of  permanganate  of  })otash 
then  be  rul>bed  in.  ]\lajor  Bogers  found  this  method  successful  in  the 
CJise  of  cats,  but  in  these  experiments  he  knew  accurately  the  direction 
taken  by  the  point  of  the  needle ; in  practice  we  fear  that  it  will  only 
be  by  chance  that  the  permanganate  reaches  the  poison,  which  may  be 
])laced  deeply  in  the  areolar  tissue  and  at  some  distance  from  the 
punctures.  The  method,  therefore,  must  be  much  less  efficacious  than 
that  of  free  dissection,  as  recommended  by  Wall,  followed  by  swabbing 
out  of  the  wound  >vith  a strong  solution  of  permanganate  of  potash.  To 
suck  the  wounds  is  absolutely  useless. 

(2)  As  well  as  attempting  to  i-emove  and  destroy  as  much  as  possible 
of  the  venom  which  has  been  deposited  locally,  we  must  endeavour  to 
render  innocuous  any  poison  which  has  been  already  or  is  likely  to  be 
absorbed  into  the  general  circulation.  Various  remedies  have  been 
suggested  and  strongly  recommended  for  the  treatment  of  cases  of  snake- 
bite. Alcohol,  ammonia,  and  strychnine  have  been  strongly  advocated ; 
the  two  latter  especially  in  Australia.  But  all  experimental  work,  as 
well  as  practical  experience,  prove  that  none  of  these  medicines  is  of  the 
slightest  use  as  an  antidote  to  snake-venom.  In  India  numbers  of  quack 
medicines  are  year  after  year  recommended,  only  to  be  found  c[uite  use- 
less when  tested  experimentally.  It  is  quite  unnecessary  to  consider 
these  remedies. 

The  Snum  Treatment,  of  Snake -poisoning. — While  all  these  empirical 
methods  have  failed  us  in  the  treatment  of  cases  of  snake-bite,  recent 
research  has  shewn  that  along  the  line  of  serum-therapeutics  lies  the  true 
antidote  for  snake-venom  intoxication.  In  1894  Calmette  established 
that  an  animal  that  has  been  treated  over  a length  of  time  with  the 
venom  of  a poisonous  snake,  such  as  the  cobra,  yields  a serum  which  is 
antitoxic  towards  that  poison.  On  account  of  the  interest  and  importance 
of  the  subject,  a short  description  of  the  work  which  has  led  up  to  this 
result  will  not  be  out  of  place. 

The  belief  that  by  the  repeated  injection  or  eating  of  snake-poi.sons 
some  amount  of  immunity  can  be  established,  has  been  current  from 
very  ancient  times  amongst  the  inhabitants  of  many  lands  where  poisonous 
serpents  abound.  SirT.  B.  Fra.ser  has  collected  a number  of  these  legends 
an(l  presented  them  in  an  interesting  introduction  to  his  lectures  on 
Immunisation  against  Serpent’s  Venom,  delivered  at  the  Boyal  Institution 
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{Xalure,  April  23,  1896).  That  individuals  vho  have  repeatedly  been 
bitten  by  snakes,  such  as  some  native  snake-charmers  and  others  in 
the  habit  of  manipulating  these  reptiles,  may  possess  a considerable 
amount  of  resistance,  is  undoubted.  We  are  aware  of  the  case  of 
a Kuropean  in  Australia  who  used  to  manipulate  Nofcrhis  mitotns 
with  impunity,  and  who  Avas  bitten  on  more  than  one  occasion  in  our 
presence,  Avith  but  slight  manifestation  of  ill  effect.  This  indiA-idual 
Avas,  however,  under  the  impression  that  his  immunity  Avas  equally 
valid  for  other  poisonous  species,  and  on  being  bitten  by  a large 
specimen  of  Denisonia  superha,  in  endeavouring  to  secure  it,  died  on  the 
following  day. 

Immunity  against  snake-venom  by  e.xperiments  upon  animals  Avas 
first  obtained  by  Sewall,  Avho  sheAved  that  repeated  injections  of  small 
doses  of  rattlesnake -poison  establish  a resistance  to  the  poison.  Sub- 
sequently Kanthack  succeeded  in  obtaining  some  j-esistance  to  cobra- 
poison,  but  Avas  unable  to  obtain  complete  immunity.  Phisalix  and 
Bertrand  in  1893  induced  some  immunity  in  rabbits  by  repeated 
injections  of  the  European  A'iper’s  venom,  Avhich  had  previously  been 
heated  to  80°  C.,  and  found  that  the  serum  of  the  animals  thus 
treated  AA^as  possessed  of  curatiA^e  pi’operties.  In  1894  Calmette 
published  an  account  of  his  extended  researches  on  this  subject.  By 
patiently  immunising  horses  against  cobra-venom,  Calmette  succeeded  in 
producing  sufficient  antitoxin  in  their  serum  to  be  of  some  practical 
value.  In  the  folloAving  year  Sir  T.  R.  Fraser,  Avho  had  also  been 
investigating  the  same  problem,  published  a confirmation  of  Calmette’s 
results  and  some  further  points  of  importance  in  relation  to  the  nature  of 
the  protective  action  of  the  serum.  The  results  of  these  tAvo  observers, 
AA'orking  quite  independently  of  each  other,  sheAved  that  a solid  immunity 
could  be  obtained  by  repeated,  long-continued  injections  of  snake-venom, 
and  that  the  serum  of  an  animal  treated  in  this  AA^ay  contained  antitoxic 
substances.  Calmette  then  proceeded  to  ])roduce  an  anti-venomous  serum 
in  sufficient  quantity  for  therapeutic  purposes.  This  serum  Avas  prepared 
Avith  a mixture  of  snake-venoms,  in  Avhich  mixture,  hoAvever,  cobra-poison 
greatly  preponderated. 

The  Specifiritjj  of  Anti-venomous  Serums. — Calmette  asserted  that  the 
serum  prepared  at  Lille  Avas  actiA^e  against  the  A'enoms  of  all  species  of 
snakes,  a claim  based  on  the  conception  that  all  snake-A^enoms  are  alike  in 
physiological  action  and  differ  from  one  another  only  in  their  degree  of 
toxicity.  In  the  light  of  more  recent  research,  this  conception  is,  as  Ave 
have  seen,  no  longer  tenable,  and  the  contention  regarding  the  universal 
applicability  of  the  serum  prepared  at  Lille  has  been  sheAvn  to  be  Avithout 
foundation.  This  serum  AA'as  found  inadequate  to  preserve  animals 
against  injections  of  the  poison  of  the  Australian  tiger-snake,  although 
it  possessed  a certain  neutralising  A^alue  for  the  neurotoxin  of  this  poison. 
•Subsequent  experiments  in  Sydney  sheAved  that  the  same  Avas  true  as  far 
as  the  poisons  of  other  Australian  snakes  Avere  concerned.  In  India  it 
was  sheAvn  that  the  Lille  serum,  Avhile  active  for  cobra-A^enom,  had  no 
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t ii(!iitr:ili«irig  effect  for  the  ]H)i~ou-i  of  the  following  HiiakcH,  namely,  Ijiihoin 
< riL-  ‘'llii,  liun(ftrni- nu(\  IJr/ii.i  oirinaln. 

K'ece/itly  (,'alinette  went  -^o  far  as  admit  that  in  some  venoms  there 
f are  two  jx^is^inoiw  constituents,  namely,  a neurotoxin  and  a ha  rfiori  hagin  ; 
t ;md  that  the  antitoxic  >.enim  prefxired  by  injecting  cobra-venom  is  with 
' (»iit  action  ii|x>fj  this  ha-rnorrhagin,  but  that  such  a serum  is  distinctly 
’ antitoxic  to  all  the  neurotoxins  of  other  venoms,  'I  his  hyjx<thesis,  how 
« ever,  i-  not  in  cons^mance  with  the  facts  which  have  been  acqtiired  by 
• the  careful  testing,  Ixith  ///,  viro  anrl  in  rilro,  of  varion->  smums  ji/e|Kued 
i with  jmre  unmixed  vem^rns. 

As  this  question  of  s[x;cificity  or  mm-sfXicificity  of  serums  is  of  practical 
I imjK^rtanw,  results  which  havr;  been  olrtained  with  six  pure  anti  senrms  are 
j wor  thy  hi  mention  in  some  rletail  ; ( \ ) a serum  jnejrar  erl  by  'I'idswell 
with  th«j  jxnson  of  Xolerla.-:  unilnluA  f2)  a serum  prejiared  f<y  <^ne  of  us 
(f».  \..)  with  cobra- [xnson  ; {'.’>)  a sr-rnrn  preparetl  by  one  of  ns  U).  \j.) 
with  the  venr>m  of  Ilnh'an.  rnAA^'Uii  •,  (i)  a winiin  jneparerl  by  N'^guehi 
I with  crotalits  venom  ; (o;  a ser  um  jrntpared  by  Noguchi  with  rnoccasin- 
I jroison  ; (C>)  a serum  preparerl  f<y  lira/il  with  lachesis  jxnVm. 

fl)  Smurn  jne[;are/l  with  the  jxnsrm  r;f  XoU'.iku  kuIoAuh. — Tliis  s<iriim 
I tested  in  virn  b;ts  U-en  shewn  to  be  strongly  antit‘ixic  for  its  homologous 
venom,  but  to  \>*i  without  neirtralising  actimi  for  the  venoms  of  /VWccA/s 
and  hv'jfi/.nui,  two  sfxrcies  of  Australian  snak«;s,  the  jxn'sons  of  which  have 
f)hysi<dr>gical  ;w;tions  aj^parently  iilentical  with  those  of  the  venom  of 
Sotf'rhiK  mulalu  i.  It  has  al.so  been  shewn  to  be  without  neutralising  effect 
cm  the  general  a/rtions  in  tito  of  the  |x>isons  of  the  following  colubrine 
species;  cobra,  king  cobra,  J'/Uiitjnruif  w/mhuH,  Jiuntjarun  foMwini*,  Knhydrvfui 
vnl/ihulkn ; mid  of  the  following  vifx;rs  : l)ah(/ia  A’c/rrx  r/rrivaiu, 

L/irfu'xiit  <jio.miiu-.iu,  and  (!r<jlnhu  dvrixHUif.  W hen  this  serum  is  testr;d  in 
viho  against  the  ha;molytie  Jictir^n  of  the  several  venoms,  the  bellowing 
result  is  obtained  : it  neutralis<;H  the  venom  of  Enhydrvna  i:o.lo.l:o.d.it-.n 
rather  better  than  it  neutralises  the  pm'.son  with  which  it  has  been  pre- 
parer!  ; also,  it  has  a markerl  inhibiUuy  effect  on  the  action  of  cobra- 
venom  and  of  E<hix  airiiuilo  jx,»ison  ; but  it  has  no  inhibitory  effect  on  the 
hremrdytic  motion  of  other  six  fxu’sons,  namely,  the  venoms  of  the  king 
cobra,  of  lio'fHjariu  wndcuH,  of  Hnnyo/ruH  faaciobu,  of  l)oh<iia  'nuaellii,  of 
iMr./o-.m  (jro.mifK'.uH,  ari'l  of  C/ridnlun  durimu. 

Finally,  this  serum  has  Ix;en  testerl  against  the  clotting  action  which 
several  venoms  exert  r^n  eitrate-plasrna,  that  is  to  say,  against  the  fibrin- 
ferment  contained  in  the  [x<isrms.  d'he  results  of  these  oijservations  shew 
that,  while  the  serum  neutralises  well  its  homologous  venom  anrl  alsrr  that 
of  Noledm  jmn<l<:<:kiA,  it  is  quit<j  inactive  against  three  other  poisons, 
namely,  the  ferment  in  the  venoms  of  Kchis  ro.rinata,  of  Lo<h<<m  rframirunix, 
anrl  of  C/ndabLH  <biriunf  . 

(2)  Srrrurn  prepared  with  jure  cobra-venom. — This  serum,  tested  in 
rii-o  against  the  general  actions  of  various  poisruis,  is  founrl  to  Ire  strongly 
antitrrxie  for-  the  venom  used  in  its  preparation  ; when  used  in  large 
rpiantity  it  has  a slight  neutralising  power  for  the  venom  of  Knhydrim. 
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valukadieii ; further,  it  dela3's  death  in  cases  of  intoxication  with  the 
venoms  of  the  king  cobra  and  of  Bunganis  fasciatus,  but  even  when 
used  in  large  quantities  does  not  comjjletel^'  neutralise  these  poisons. 
This  serum  contains  no  antitoxic  substances  active  against  the  venom  of 
Buiu/arus  ccemleus.  It  was  also  found  to  be  without  neuti-alising  effect 
for  the  venoms  of  the  following  viperine  snakes : Dahoia  russellii,  Echu 
airinata,  Lachesis  gramineus,  and  (Jrotalns  durissuK 

Cobra  anti-venom  was  found  to  be  largely  specific  as  far  <as  the 
hsemolytic  actions  of  the  several  venoms  are  concerned  ; thus,  it  neutral- 
ises its  homologous  venom  in  a marked  degree ; it  prevents  to  a certain 
extent  the  haemolytic  action  of  the  venom  of  Bmigarus  cceruleus,  a 
relatively  much  greater  quantity  of  serum,  however,  being  required  to 
effect  this  than  in  the  case  of  cobra-venom  ; finally,  it  has  no  hindering 
effect  at  all  on  the  hiiemolysing  action  of  eight  other  poisons,  namely,  the 
venoms  of  king  cobra,  of  Bungarus  fasciatus,  of  Notechis  scutaius,  of 
Enhijdrina  valakadien,  of  Dahoia.  russellii,  of  Echis  (urinata,  of  Lachesis 
gramineus,  and  of  Crotalus  durissus.  The  serum  was  further  tested,  also 
in  vitro,  against  the  anti-clotting  action  of  both  cobra  and  king-cobra 
venoms.  It  was  found  to  neutralise  well  the  venom  of  the  cobra,  but 
to  have  little  or  no  effect  on  king-cobra  poison. 

(3)  Serum  j)repared  with  the  venom  of  JJahoia  russellii. — This  serum 
has  also  been  tested  both  in  vivo  and  in  vitro.  When  tested  in  vivo  against 
the  general  actions  of  various  poisons,  it  was  found  to  have  no  effect 
whatever  on  any  of  five  colubrine  venoms,  namel^q  the  venoms  of  the 
cobra,  king  cobra,  Bungarus  coiruleus,  Bungarus  fasciatus,  and  Enhydrina 
valakadien-,  to  neuti’alise  well  its  homologous  venom  ; to  have  a certain 
but  not  very  marked  neutralising  effect  on  the  venom  of  another  vipei’, 
namely,  Crotalus  durissus ; to  have  no  antitoxic  action  for  the  venom 
of  a closely  allied  viper,  Echis  carinuta,  imr  for  that  of  another  Indian 
viper,  Lachesis  gramineus.  When  tested  in  vitro  against  the  limmolytic 
actions  of  sevei’al  venoms,  it  Avas  found  that  this  serum  has  no  hindering 
effect  Avhatever  on  the  venoms  of  six  colubrine  snakes ; that  it  ncuti-alises 
equally  Avell  the  venom  with  which  it  Avas  prepared  and  the  venom  of 
Echis  carinata ; that  it  has  a considerable  but  less  neutralising  effect  on 
the  venom  of  Crotalus  durissus,  but  no  hindering  effect  on  the  poison  of 
Lachesis  gramineus.  Further,  Avhen  tested  in  vitro  against  the  fibiln- 
ferment  actions  of  various  poisons,  it  Avas  found  that,  Avhile  the  serum 
neutralises  Avell  its  homologous  venom,  it  has  no  effect  on  the  poisons  of 
four  other  species,  one  colubrine  and  three  viperine,  namely,  Notechis 
.srtUatus,  Echis  carinata,  Lachesis  gramineus,  and  Crotalus  durissus. 

(4)  and  (5)  Serums  prepared  Avith  crotalus-venom  and  Avith  moccasin- 
venom. — The  details  of  the  testing  of  these  tAvo  serums  have  not  been 
published  in  a complete  and  full  form ; but  the  data  Avhich  are  available 
are  clearly  of  the  same  nature  as  those  obtained  Avith  the  three  senuns 
mentioned  above. 

(())  Brazil  found  that  the  Lille  serum  Avas  unable  to  save  animals 
poisoned  Avith  lachesis  and  crotalus  venoms ; that  his  serum  prepared 
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with  the  venom  of  lachesis  was  without  action  upon  crotalus-poison,  but 
that  the  anti-crotalus  serum  did  possess  some  action  against  the  venom 
of  Ltu’hesiii  lanceolatns  as  well  as  that  of  crotalus. 

All  these  careful  and  detailed  observations  point  to  the  same  conclu- 
sion, namely,  that,  both  in  in  vivo  and  in  vitro,  anti-venomous  serums  arc 
highly,  but  not  strictly  specific. 

The  neurotoxiu  of  cobra-venom  is  evidently  somewhat  difl'erent  from 
that  of  the  king  cobra  and  Bunyarus  fa^ciatus,  and  quite  different  from 
that  of  the  common  krait  {Bunganis  courvleus).  Furtlier,  it  is  also  clear 
that  the  htemolytic  constituents,  the  Inemolysins,  differ  markedly  from 
one  another.  The  same  can  be  said  of  the  fibrin-ferments  of  the  various 
venoms.  In  short,  Calmette’s  conception  of’  the  identity  of  neurotoxins, 
etc.,  is  not  justified  by  the  facts;  on  the  contrary,  it  is  clear  that 
identity  in  physiological  action  does  not  justify  the  assumption  that  a 
serum  prepared  with  one  venom  will  neutralise  another.  ]\Iegatheriolysin 
and  tetanolysin  both  dissolve  corpuscles,  but  a serum  prepared  against 
one  is  without  effect  upon  the  other. 

The  bearing  of  this  conclusion  on  the  problem  of  the  serum-thera- 
])eutics  of  snake-bite  is  evident,  for  at  the  outset  we  are  met  with  the 
almost  insurmountable  difficulty  that  oidy  the  s|)ecific  anti-scrum  will  be 
of  use  in  a case  of  snake-venom  intoxication.  Now,  in  the  first  place, 
it  seems  almost  impossible  to  collect  these  various  venoms  in  quantities 
sufficient  for  the  purpose  of  immunisation  of  large  animals ; and,  in  the 
second  place,  granted  that  it  were  possible  to  pre})are  anti-serums  for  the 
different  poisons,  the  practical  use  of  these  would  be  beset  M'itli  difficulty. 
For  when  a person  is  bitten  by  a snake  he  is  rarely  able  to  tell  the 
species  of  snake  which  has  inflicted  the  lute ; furthei'more,  as  an  anti- 
venomous  serum,  to  be  of  much  practical  utility,  must  be  injected  before 
any  symptoms  of  intoxication  have  set  in,  the  medical  man  who  is  called 
on  to  treat  a case  of  snake-bite  is  not  as  a rule  in  a position  to  form  an 
opinion,  either  from  the  history  of  the  case  or  from  the  symptoms,  as  to 
the  nature  of  the  venom  which  has  been  injected.  Probably  the  solution 
of  this  difficulty  will  lie  in  our  being  able  ultimately  to  j)repare  a 
polyvalent  serum  with  the  venoms  of  the  commonest  and  more  deadly 
snakes.  This  principle  is  carried  out  to  a limited  extent  at  Lille ; and 
from  the  Pasteur  Institute  of  India  a serum  is  being  issued  which  is 
prepared  by  immunising  horses  with  the  unheated  poisons  of  the  cobra 
and  the  daboia,  the  two  snakes  chiefly  responsible  for  the  20,000  or  moi'e 
deaths  which  occur  annually  from  snake-bite  in  India.  So  far  it  has  been 
found  impossil)le  to  procure  enough  venom  from  the  other  Indian  species 
to  immunise  large  animals. 

The  Dose  of  Serum  Necessary. — Calmette  considers  that  10  c.c.  of  the 
Lille  serum  is  sufficient  in  most  cases  of  snake-bite  ; but  that  if  the  treats 
merit  is  delayed,  or  if  the  snake  is  a cobra  or  a krait,  30  c.c.  should  be 
used.  He  recommends  that  the  injection  should  be  given  subcutaneously 
unless  symptoms  are  already  present,  in  which  case  an  inti'avenous  injec- 
tion of  10  or  20  c.c.  is  required. 
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For  reasons  which  will  appear  below,  we  are  convinced  that  these 
small  (piantities  are  cjuite  insufficient  in  the  case  of  the  cobra,  against 
which  the  Lille  serum  is  particularly  antitoxic.  In  order  to  arrive  at  an 
accurate  therapeutic  dose  of  an  anti-venomous  serum  three  factors  must 
be  determined  : (1)  the  neutralising  power  of  the  serum,  that  is  to  saj', 
the  exact  amount  of  serum  which  can  neutralise  a given  amount  of  venom  ; 
(2)  the  amount  of  poison  which  the  snake  can  inject;  (3)  the  cpiantity  of 
venom  the  injection  of  which  a man  can  survive. 

Two  c.c.  of  the  Lille  serum  are  stated  to  have  the  power  of  neutralising 
1 milligramme  of  dried  cobra-venom,  and  the  serum  issued  by  the 
Pasteur  Institute  of  India  is  double  this  strength,  or  1 c.c.  neutralises 
1 mg.  of  cobra-venom.  If  this  is  expressed  in  terms  of  the  number  of 
fatal  doses  for  a guinea-pig  of  250  grammes  which  can  be  neutralised  by 
1 c.c.  of  serum,  a comparison  may  be  drawn  between  the  relative  potency 
of  anti- venom  and  the  antitoxins  for  diphtheria  and  tebmus.  Expressed 
in  this  way,  I c.c.  of  the  Indian  serum  neutralises  only  10  minimal  fatal 
doses  for  a guinea-pig  of  standard  weight.  On  the  other  hand,  1 in 
every  4 horses  will  produce  a diphtheria  antitoxin,  1 c.c.  of  which,  when 
tested  under  the  same  conditions,  will  neutralise  100,000  minimal  fatal 
doses  of  toxin,  or,  if  immunised  against  tetanus,  will  furnish  tetanus 
antitoxin,  1 c.c.  of  which  will  neutralise  200,000  minimal  fatal  doses. 
It  will  be  seen  at  once  that,  compared  wdth  these  antitoxins,  anti-venom  is 
very  weak  indeed ; in  fact,  if  the  other  antitoxins  were  only  possessed  of 
such  small  neutralising  po^ver  they  w'ould  be  of  little  practical  use.  It 
has  not  at  present  been  found  possible  to  immunise  a horse  so  that  it 
shall  produce  a serum  of  greater  power,  but  possibly,  by  different  methods 
of  immunisation,  serums  of  greater  potency  may  be  produced  in  the 
future. 

We  have  thought  it  advisable  to  lay  stress  upon  the  real  antitoxic 
value  of  anti-venoms,  because  w'e  think  this  point  has  been  very  imper- 
fectly realised. 

The  second  point,  namely,  the  amount  of  venom  which  a snake  cair 
inject,  has  been  settled  in  the  case  of  cobra  and  daboia  venoms  by  actual 
experiment.  In  the  cobra  this  amount  varies  from  200  to  350  milli- 
gi-ammcs  of  dried  venom,  and  in  the  case  of  the  daboia  it  is  somewhat 
less,  namely,  150  to  250  milligrammes.  These  observations  were  carried 
out  on  fresh  snakes  recently  caught.  Calmette  has  made  a series  of 
experiments  with  cobras  which  had  evidently  been  kept  in  captivity  for 
some  time ; the  greatest  amount  of  dried  venom  which  he  was  able  to 
procure  was  48  milligrammes,  and  the  average  amount  was  about  20 
milligrammes.  The  therajjeutic  dose  of  serum  recommended  by  him  is 
calculated  on  this  basis,  and  is  evidently,  therefore,  much  too  small.  It  is 
obvious  that  in  estimating  the  dose  of  anti-venomous  serum  to  be  used  in 
the  treatment  of  any  case,  say  of  cobra-bite,  it  should  be  borne  in  mind 
that  the  snake  may  have  injected  as  much  as  350  milligrammes,  for  the 
neutralisation  of  which  quantity  sufficient  serum  must  be  injected  in 
order  to  save  the  patient’s  life.  There  must  be,  of  course,  many  cases  in 
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which  less,  probably  a good  deal  less,  venom  AVould  be  injected,  and  a 
smaller  amount  of  serum  Avould  then  sutlice  ; but  there  are  no  means 
by  which  this  point  can  be  estimat('d,  and  as  treatment  must  be 
immediate  there  is  no  time  to  wait  and  Avatch  the  development  of  the  case. 

The  third  factor,  the  amount  of  venom  Avhich  a man  can  survive, 
must  next  be  considered.  This  can,  of  course,  only  be  estimated  roughly 
from  experiments  on  animals.  Easing  our  calculations  on  the  results 
obPiined  Avith  monkeys,  Ave  have  arrived  at  the  conclusion  that  for  an 
aA'erage  man  the  lethal  dose  of  cobra-venom  Avould  be  al)Out  15  to  2() 
milliijrammes,  and  of  daboia-venom  about  60  milli<>:rammes.  A man  Avoidd. 
therefore,  be  able  to  survive  slightly  less  than  these  amounts  of  poison. 

Having  as  far  as  is  possible  arrived  at  the  data  on  Avhich  the  dose  of 
serum  to  be  used  in  any  case  of  cobra-  or  daboia-bite  rests,  Ave  have  iioaa- 
to  calculate  Avhat  this  dose  ought  to  be.  In  the  case  of  a cobra-bite, 
supposing  the  serum  to  be  of  such  strength  that  1 c.c.  is  able  to  neutral- 
ise I milligramme  of  pure  cobra-poison,  if  the  snake  has  injected  the 
maxinnim  amount  of  poison,  namely,  about  650  milligrammes,  Ave  can 
calculate  that,  in  order  to  neutralise  this  quantity  of  venom  and  thus 
save  the  life  of  the  patient,  350  c.c.  of  serum  Avould  have  to  be  brought 
in  contact  Avith  it.  In  the  case  of  a daboia-bite  a much  simdlcr  quantity 
of  serum  AAmuld  serve  the  same  purpose,  as  Ave  have  seen  that  this  snake 
does  not  inject  so  much  poison  as  the  cobra,  that  the  serum  neutralises 
about  double  the  amount  of  daboia-venom,  and  further,  that  the  minimum 
lethal  dose  of  daboia-venom  by  subcutaneous  injection  is  much  greater 
than  that  of  cobra-poison.  We  can  therefore  calculate  that  about  100  c.c. 
of  serum  Avould  be  sufficient  to  neutralise  the  amount  of  venom  Avhich  a 
full-sized  daboia  Avould  be  able  to  inject. 

We  have  still  to  consider  the  method  of  injection,  as  these  quantities 
of  serum  are  the  amounts  Avhich  Avould  be  required  to  neutralise  com- 
pletely the  venoms  Avhen  they  are  mixed  in  vitro  before  injection.  It 
has  been  sheAvn  that  as  good  results  folloAv  the  simultaneous  injection  of 
a quantity  of  venom  subcutaneously  and  of  a neutralising  dose  of  anti- 
venom intravenou.sly  into  an  animal  as  are  obtained  Avhen  the  venom 
and  serum  are  mixed  in  vitro  before  injection.  If,  hoAA^ever,  the  serum 
be  injected  subcutaneously  at  the  same  time  as  the  venom,  it  aauis  found 
that  from  10  to  20  times  the  neuti'alising  dose  of  serum  Avas  required  to 
save  the  life  of  the  animal.  Applying  these  observations  to  our  present 
purpose,  Ave  arrive  at  the  conclusion  that  in  treating  a case  of  cobra-bite 
in  Avhich  the  snake  had  injected  the  maximum  amoiint  of  poison,  Ave 
should  have  to  inject  350  c.c.  of  serum  intravenously  or  from  3500  to 
7000  c.c.  subcutaneously  in  order  to  save  the  life  of  the  patient  (!),  and  in 
the  case  of  daboia-bites  100  c.c.  intravenously  or  from  1000  to  2000  c.c. 
subcutaneously  (!).  Further,  if  symptoms  have  already  ap]>eared  before 
treatment  was  begun,  larger  amounts  of  serum  would  be  required  to 
dissociate  the  poison  from  its  junction  AAUth  the  cells.  If  the  Lille  scrum 
be  employed  these  quantities  must  be  doubled,  as  it  is  oidy  half  the 

streno^th  of  that  issued  by  the  Pasteur  Institute  of  India. 
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We  have  no  desire  to  discourage  the  use  of  anti-venomous  serums,  for 
once  the  poison  has  been  absorbed  they  are  the  only  remedies  available ; 
but  we  wish  to  point  out  what  is  the  real  neutralising  value  of  the  serum 
anil  what  may  reasonably  l)e  expected  from  its  use,  and,  further,  to 
emphasise  that  quantities  of  10  to  30  c.c.,  as  recommended  by  Calmette, 
are  hopelessly  inadequate  and  only  likely  to  lead  to  disa2)pointment. 

d'here  are,  of  course,  many  cases  of  snake-bite  in  which  for  many 
reasons  the  snake  does  not  inject  anything  approaching  300  milligrammes 
of  poison,  and  for  such  cases  treatment  with  a much  smaller  quantity  of 
serum  than  those  mentioned  above  would  suffice.  It  is  in  fact  probalde 
tliat  the  great  majority  of  cases  would  come  into  this  latter  category ; 
but  it  must  always  be  remembered  that  if  the  larger  amounts  of  serum 
are  not  injected  the  treatment  may  fail  because  more  than  a lethal  dose 
of  poison  remains  unneutralised. 

In  the  case  of  the  bite  from  a snake  for  which  a specific  serum  is 
available,  e.g.  cobra  or  daboia,  this  should  always  be  injected.  For 
reasons  which  have  been  set  forth  above,  the  following  instructions 
should  be  followed  : — 

( 1 ) The  injection  should  l)e  made  as  soon  after  the  bite  as  possible. 

(3)  The  injection  should  always  be  made  intravenously. 

(3)  At  least  100  c.c.  of  serum  should  be  injected. 

In  cases  of  bites  from  species  of  snake  for  which  no  specific  serum 
e.xists,  no  benefit  can  be  hoped  for  from  the  use  of  any  other  serum.  As, 
however,  it  is  extremely  rare  to  be  able  to  identif}"  without  any  doulit 
the  species  of  snake  which  has  inflicted  the  bite,  the  serum  treatment 
should  be  employed  iu  India  in  every  case  of  snake  bite,  on  the  chance 
that  the  snake  was  either  a cobra  or  a daboia. 

\\T  arc  still  far  from  the  goal  of  an  efficient  polyvalent  serum.  It 
would  be  of  the  utmost  value  if  we  were  able  to  obtain  a stronger  serum 
in  a short  interval  of  time  without  causing  injury  to  the  animals  pro- 
ducing the  serum.  All  ivorkei's  on  this  subject  are  agreed  that  in  order 
to  procure  a serum  of  sufficient  strength  for  practical  therapeutic  purpo.ses 
horses  have  to  be  treated  over  a period  of  from  one  year  to  a year  and 
a half.  Further,  after  each  injection  an  abscess  nearl}^  always  forms,  and 
sometimes  there  is  most  extensive  sloughing.  By  modifying  venoms  so 
as  to  produce  toxoids  prioi'  to  injection,  much  perhaps  may  be  done  to 
obviate  these  objections.  We  have  already  mentioned  that  Flexuer  and 
Noguchi  were  able  to  immunise  rabbits  with  crotalus-venom  which  had 
been  modified  by  treatment  with  weak  hydrochloric  acid.  The  solution 
of  the  problem  of  obtaining  a serum  which  is  efficient  for  most  species  of 
snakes  is  also  hampered  by  the  difficulty  of  obtaining  supplies  of  poison 
sufficient  foi-  the  immunisation  of  large  animals.  Thus  in  India,  under 
the  very  best  conditions  and  with  the  strong  su])port  of  the  Government 
of  India,  it  has  been  found  impossible  to  obtain  any  venoms,  with  the 
exceptions  of  those  of  the  cobra  and  the  daboia,  in  sufficient  quantity  to 
immunise  animals.  Until  this  difficulty  has  been  overcome  no  progre.ss 
can  be  made  in  this  direction. 
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As  regards  the  treatment  of  snake-bite  otlier  than  by  aiiti-venoinons 
serums,  little  or  nothing  can  be  done  beyond  keeping  the  patient  quiet  and 
warm.  Small  doses  of  alcohol  may  no  doubt  be  beneficial  as  a stimulant, 
but  this  end  can  be  more  efiectually  gained  by  ammonia  or  strychnine, 
and  the  employment  of  enormous  doses  of  alcohol  cannot  receive  too 
strong  a condemnation.  Major  L.  Kogers  has  recommended  the  use  of 
adrenalin  chloride  in  cases  of  bites  from  daboia  and  those  snakes  the 
poisons  of  which  have  a marked  paralytic  action  on  the  vasomotor  centre. 
On  physiological  grounds  this  drug  should  no  doubt  be  of  service  in  these 
cases.  We  are  not  aware  that  it  has  ever  been  used  in  pi’actice. 

To  exhaust  the  patient  when  in  the  lethargic  stage  by  walking  him 
about  incessantly  cannot  Init  be  detrimental  to  his  chances  of  I'ecovery. 

In  conclusion,  we  have  again  to  impress  upon  all  who  are  called  on  to 
treat  cases  of  snake-bite  that  every  endeavour  must  be  made  to  prevent 
absorption.  An  efficient  ligature  should  be  applied  at  once ; then  free 
dissection  around  the  punctures,  especially  in  the  direction  of  the  lymph 
and  venoms  return,  should  be  practised,  the  wound  being  swabbed  out 
with  a strong  solution  of  permanganate  of  potassium.  These  measures 
can  usually  be  undertaken  immediately,  and  in  the  present  state  of  serum- 
therapeutics  against  snake-venoms  more  reliance  should  be  placed  on  this 
local  treatment  than  upon  the  injection  of  any  anti-venomous  serum. 

C.  J.  Martin. 
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PSOROSPERMO.SIS 


By  \V.  Bulloch,  .M.  1). 


'I’llE  name  jisorospennosis  has  been  loosely  used  in  human  pathology  to 
denote  sporozoic  infections  other  than  those  caused  by  Inemosporidia. 
'L’he  name  was  originally  given  by  Johannes  Muller  (184 1 ) to  certain 
spermatozoa-like  bodies  found  in  cutaneous  diseases  in  fish  {'i^iopa — the 
itch).  These  bodies  were  afterwards  identified  with  parasitic  protozoa 
and  separated  as  a distinct  group — the  myxosporidia — although  in  medical 
writings  the  word  psorosperm  has  been  retained  as  a general  designation 
for  pathogenetic  sporozoa  not  infecting  the  blood-corpuscles.  Excluding 
these  hiemosporidia,  authentic  cases  of  sporozoic  infection  in  man  are 
very  rare,  the  parasites  belonging  mostly  to  the  coccidiidea,  while  one  or 
two  have  been  referred  to  the  sarcosporidia.  In  a large  number  of  cases 
psorosperms  ” have  been  descidbed  in  which  the  diagnosis  has  been  based 
on  very  slender  foundations,  and  much  of  this  work  will  not  withstand 
the  test  of  time.  In  recent  years  a great  increase  in  our  knowledge  has 
occurred  in  reference  to  the  structure  and  life-history  of  the  sporozoa, 
and  it  is  remarkable  that  the  number  of  records  of  human  psoro.spermosis 
diminishes  year  by  year.  As  the  general  structure  and  development  of 
the  simrozoa  arc  dealt  with- on  p.  61,  it  Avill  be  sufficient  to  refer  to  the 
human  cases  only. 

Coeeidiosis.  -Unlike  what  obtains  in  several  other  vertebrates,  cases 
of  coeeidiosis  have  rarely  been  observed  in  man. 

Infection  with  Coccidium  cunicvli  (Rivolta)  (C.  oviforim,  Eimeria  stiada’ 
Eindemann). — This  sporozoon  is  ordinarily  seen  in  the  ripe  sporont (oocyst) 
stage  in  the  liver  of  the  rabbit.  It  measures  'OdJ-'O!!)  mm.  long,  and 
•015-’028  mm.  wide,  and  is  of  oval  shape.  Originally  described  by 
Hake  in  this  country,  it  was  afterwards  identified  by  Remak  (1845)  with 
the  psoi'ospcrmiie.  Discharged  from  the  body  the  spoi’onts  form  foui-  spores, 
each  of  which  contains  two  sporozoites.  The  infection  of  the  rabbit  takes 
])lace  by  the  ingestion  of  the  oocysts  oi’  the  spoi’cs  which  are  set  free  in 
the  stomach,  and  wander  from  the  ductus  choledochus  into  the  bile- 
ducts,  where  they  penetrate  the  epithelium  and  midtiply  by  fission 
(.Schizogony). 

Only  some  four  or  five  human  cases  are  accepted  by  experienced  para- 
sitologists as  having  been  caused  l)y  this  ])ai-asite.  In  Oubler’s  case, 

825 


SyST£A/  OF  MEDICINE 


a>26 


<)l»served  in  the  hopital  Beaiijon  in  1858,  a male,  aged  45,  suffered  witli 
digestive  troubles  and  severe  anaemia.  The  liver  was  found  much 
enlarged,  and  a fluctuating  tumour,  diagno.sed  as  a hydatid,  was  made 
out  in  the  right  lol^e.  At  the  autopsy  about  twenty  cysts  were 
found,  one  attaining  a diameter  of  12-15  cm.  The  contents  were  csi.seous 
and  contained  immense  numbers  of  oval  encysted  bodies  supposed  to 
be  the  ova  of  a distomum,  but  regarded  by  Leuckart  as  true  coccidia. 
Leuckart  also  refers  to  a case  by  Dressier  in  Avhich  the  coccidiosis 
affected  the  liver,  and  to  a case  of  Sattler’s  in  which  the  proliferated 
epithelium  of  the  biliary  canals  was  invaded  by  coccidia.  In  Soemmer- 
ing’s collection  in  the  University  of  Giessen,  Peris  found  a human  liver 
with  coccidia  in  the  bile  ducts.  In  1890,  Quarry  Silcock  (38)  shewed 
at  the  Pathological  Society  an  undoubted  case  of  infection  with  C. 
nmicuU.  The  patient,  a female  aged  50,  had  suflei’ed  for  six  weeks  from 
pains  in  the  limbs,  nausea,  and  sickness.  There  was  tenderness  of  the 
spleen  and  liver,  and  fever  existed  with  slight  daily  remissions.  Death 
occurred  from  cardiac  failure.  At  the  necropsy  the  liver  was  found 
to  weigh  83  oz.,  and  contained  a number  of  caseous  foci,  especially  near 
the  surface.  Each  focus  had  a well-marked  inflammatory  zone — a 
similar  state  of  affairs  also  existing  in  the  sjdeen,  which  weighed  16  oz. 
Microscopically  the  nodules  consisted  of  masses  of  egg  - like  bodies 
with  granular  contents  and  well-defined  capsules.  By  cultivating  in 
water  in  a warm  room  psorosperms  were  developed.  Amongst  the 
doubtful  cases  are  those  published  by  Virchow,  who  found  in  the  liver  of 
an  old  woman  a small  mass  filled  with  oval  encysted  liodies.  Podwyssozki 
has  reported  four  cases  in  Avhich  he  found  what  he  believed  was  a parasite 
(luirj/oph'igm  hominis)  in  the  nuclei  of  the  liver-cells.  J.  J.  Thomas  has 
described  the  occurrence  of  coccidia  in  a bony  formation  in  the  brain, 
'fhe  lesion,  which  was  of  the  size  of  a pea,  contained  in  its  interior 
numerous  oval  bodies,  some  of  which  shewed  granular  protoplasmic 
contents. 

Coccidium  hominis  (Rivolta  1878)  (C.  perforuns  Leuckart). — Although 
regarded  by  some  as  identical  with  C.  cnniculi,  this  sporozoon  is  generally 
held  to  be  distinct  because  its  cysts  are  smaller,  measuring  •024-'035  mm. 
by  •0128-‘020  mm.,  and  because  sporoblastic  formation  occurs  earlier  than 
it  does  in  C.  cuniculi.  It  is  found  most  commonly  in  the  intestinal  epithelium 
of  the  rabbit,  in  which  animal  it  causes  rapid  death  from  severe  diarrhoea. 

Ill  two  human  cadavers  Eimer  found  coccidia  in  the  intestinal 
epithelium.  Raillet  and  Lucet  found  coccidia  in  the  fmces  of  a woman 
and  her  child.  Rivolta  and  Grass!  have  also  described  coccidia  from  the 
stools  of  children  and  adults. 

Coccidium,  bigeminnm  Stiles  1891. — This  parasite,  found  in  the  intestinal 
villi  of  dogs  and  cats,  is  distinguished  apart  from  its  small  size  (12-15 
H X 7-10  It)  by  the  fact  that  the  oocysts  are  always  divided  into  two 
masses,  each  of  which  encysts  and  forms  spores.  According  to  Blanchard 
and  Braun,  the  parasite  found  by  Kjellberg  is  referable  to  this  species, 
and  pos.sibly  the  case  described  by  Grunow  (Braun). 


PSOA'OSP/iA'A/OS/S 


827 


hjimcriu  homini^. — Under  this  name  K.  Blanchard  (1895)  described 
i cei’tain  bodies  which  were  tbnnd  l)y  Kunstler  and  i’itrcs  in  Hnid  aspirated 
\ from  the  chest  of  a man  employed  in  steamboats  trading  between  Bor- 
>1  deanx  and  Senegal.  The  bodies  in  question  were  large  and  contained 
10-20  merozoites. 

Conditions  that  have  been  described  as  Psorospermosis 

Peculiar  bodies,  referred  by  Rixford  and  Gilchrist  to  the  protozoa, 
i have  been  described  by  these  authors  under  the  names  Coccidioides  irmnitis 
^ and  C.  p//ogene$  {p.  11-f).  The  affection  in  which  they  were  found  was 

I first  observed  by  Wernicke  and  Possadas  in  Buenos  Ayres,  and  w’as  dia- 
gnosed as  mycosis  fungoides.  The  parasites  were  rounded,  and  measured 
•003- '03  mm.,  and  were  contained  in  giant-cells  which  coidd  be  seen  in 
the  granulation-tissue  of  the  tumour-like  masses.  Eight  similar  cases — all 
fatal  — were  observed  in  the  United  States  by  Rixford  and  Gilchrist, 
Montgomery,  Moffit,  and  Ophiils.  In  one  case  there  was  a chronic  nodulai- 
skin  disease  lasting  eight  years.  Nodules  were  also  foiuid  in  the  lung, 
liver,  kidney,  genitals,  and  lymphatic  glands.  Ophiils  considers  the  proto- 
zoon-like  ]>arasite  to  be  a pathogenetic  fungus. 

In  a number  of  other  diseases  “ bodies  ” have  been  found  which  have 
been  variously  interpi’eted  as  psorosperms,  coccidia,  or  as  cell-degenera- 
tions ; but  in  recent  years  the  last  view  has  met  with  most  acceptance. 
Oval  “ parasites  ” found  in  epithelioma  contagiosum  of  fowls  and  mollus- 
cum  contagiosum  of  man  have  been  shewn  to  have  no  causal  relation  to 
these  diseases  since  Sticker  and  Marx  and  Juliusberg  found  that  the 
infectious  agents  of  these  diseases  pass  through  bacterial  filters.  Psoro- 
sperms have  also  been  described  in  Paget’s  disease  of  the  nipple  by  Wick- 
ham, Darier,  and  others,  and  in  psorospermosis  follicularis  vegetans  or 
l)ariei’’s  disease.  Darier  himself,  however,  has  withdrawn  the  interpreta- 
tion he  formerly  placed  upon  the  bodies  in  question,  and  the  Tiame  of 
psorospermosis  for  these  conditions  must  be  regarded  as  a misnomer,  as 
it  is  now  universally  accepted  that  the  so-called  “parasites”  are  cell- 
degenerations  only.  [For  a discussion  on  the  so-called  coccidia  of  cancer, 
see  Vol.  I.  p.  625.] 

Ureferifis  ct/stica. — In  chronic  inflammatory  conditio’ns  of  the  pelvis  of 
the  kidney  a cystic  condition  of  the  ureters  may  develop  (Rayer, 
Rokitansky,  Civiale).  The  cysts,  which  vary  in  size,  may  contain  a watery 
or  colloid  material,  in  which  arc  found  round  or  oval  bodies  varying  con- 
siderably in  size.  The  exact  nature  of  these  bodies  is  not  known,  for 
Avhereas  Eve,  Pisenti,  and  Bland-Sutton  regarded  them  as  coccidia,  and 
V.  Kahlden  referred  them  to  the  rayxosporidia,  Lubarsch,  Aschoff',  and  most 
recent  writers  consider  them  to  be  cell-degenerations  which  have  taken 
place  in  epithelial  masses  (v.  Brunn’s  epithelial  nests)  which  occur  in 
the  normal  ureter. 

The  exact  diagnosis  of  coccidia  is  not  always  easy,  and  mistakes  have 
been  frequently  made  by  those  who  have  !io  special  knowledge  of  ])roto- 
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zoology.  The  most  frequent  errors  have  been  in  regarding  degenerated 
cells  as  psorosperms  or  in  mistaking  the  ova  of  trematodes  tor  them,  as  in 
a preliminary  communication  published  by  Drs.  Finlayson  and  Oatto,  the 
“ coccidia  ” there  described  being  ultimately  shewn  by  Catto  to  be  the  ova 
of  a new  trematode  (Schistosomum  japonienm  or  S.  cattoi).  Commenting  on 
this  mistake,  the  eminent  helminthologist  Looss  remarks  somewhat  severely 
but  signiticantly  that  “ it  is  not  the  iii'st  time  that  trematode  ova  have 
been  mistaken  for  coccidia — and  it  will  probabl}'-  not  be  the  last.” 

Sarcosporidiosis. — As  Miescher’s  tubes  (p.  103)  in  the  monse  and  as 
Rainey’s  corpuscles  in  the  pig,  sarcosporidia  infect  the  voluntary  muscles 
of  the  lower  animals  in  the  form  of  elongated  tube-like  bodies  filled  with 
sporozoites. 

Cases  of  sarcosporidiosis  in  man  are  extremely  rare.  Apart  from 
doubtful  cases  by  Lindemann  and  by  Eosenberg,  a genuine  case  was  first 
observed  by  Koch  in  Egypt.  In  the  same  locality  Kartulis  found  them 
in  the  muscles  of  a Sudanese,  dead  from  multiple  abscesses  of  the  liver 
and  muscles.  Another  undoubted  case  has  been  reported  by  Barabaii 
and  St.  Kemy  in  the  muscular  fibres  of  the  vocal  cords,  the  pai'asitic 
tubes  being  filled  with  numerous  pseudonavicellae.  The  parasite  was 
probably  Sarroci/stis  lindemanni  Eivolta.  Yuillemin  has  also  reported  a 
geimine  case  caused  bj''  Sarcocystis  tenella  Eaillet. 

W.  Bulloch. 
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A.  E.  Shii’lky,  il.A.,  Hon.  D.Sc.  Princeton,  E.k.S. 

Bilharziasis,  by  F.  M.  S.\nda\  rrii,  .M.D.,  F.K.C.P. 

The  great  majority  of  the  larger  entozoa,  for  the  most  part  visible  to  the 
naked  eye,  which  infest  mankind  belong  to  the  two  phyla,  Platyhelminthes 
and  Nematoda,  but  the  groups  Acanthocephala,  Pentastoniida,  and 
llirudinea  are  also  repi-esented. 

Platyhelminthes  or  Flat-worms  have  leaf-like  or  band-like  bilaterally 
symmeti’ical  bodies,  either  without  alimentary  canal  or  mouth,  or  with 
a mouth  and  intestine,  which  is  usually  forked.  There  is  no  body-cavity 
and  the  body  is  solid.  No  circulatory  or  specialised  breathing  organs 
exist.  The  excretory  organs  are  of  the  so-called  water  vascular  type. 
Hooks  and  suckers  are  often  present.  The  Platyhelminthes  are — wdth 
rare  exceptions — bisexual ; the  generative  organs  are  complex,  a dis- 
tinct ovary  (or  germarium)  and  yolk-gland  (or  vitellariuni)  are  found. 
'Phe  male  and  female  reproductive  pores  are  usually  close  behind  one 
another,  often  in  a common  genital  sinus.  The  reproduction  is  usually 
sexual,  but  may  be  complicated  by  budding. 

Nemathelminthes  or  Round  worms  are  mostly  thread-  or  spindle- 
shaped.  They  vary  greatly  in  size,  and  are  covered  by  a thick  cuticle 
which  is  sometimes  ringed.  The  mouth  is  terminal,  the  anus  sub- 
terminal, the  alimentary  canal  is  straight.  No  specialised  circulatory 
or  respiratory  systems  exist,  but  the  spacious  body-cavity  contains  a 
corpusculated  fluid.  The  chief  nerve-cords,  wRich  arise  from  a circumoral 
ring,  run  dorsally  and  ventrally.  The  muscles  which  largely  compose 
the  body-wall,  the  excretory  system  of  two  long  tubes  uniting  to  open  at 
a common,  anterior  pore,  and  the  epidermis  are  all  characteristic.  The 
inales  usually  have  their  tail  curled  round  or  are  [)rovided  with  a genital 
bursa  or  bell.  The  vas  deferens  opens  with  the  anus  ; the  oviduct  opens 
on  the  ventral  side  often  about  one-third  the  body  length  from  the 
anterior  end.  Reproduction  is  always  sexual,  but  the  individuals  may 
be  bisexual,  hermaphrodite,  or  {)arthenogenetic. 

Of  the  Platyhelminthes  two  classes  are  foutid  parasitic  in  mam 
1st,  Ckstopa,  01-  tapeworms;  2nd,  Tkkmatoda,  or  flukes.  Of  the 
Nemathelminthes  only  one  class  is  at  all  common,  namely,  Nkmatob.\, 
or  thread-worms,  but  the  Acanthockphai.a  are  represented. 
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The  tollowiiiy  list  of  species,  cirrunged  in  ;iccordcince  iih  this  clcissi- 
liciitioti,  einbi’tices  iill  the  move  important  and  M’ell-authenticated  worms 
which,  up  to  the  pi’esent,  have  been  found  parasitic  in  man  ; 

WORMS 

(Amiiigud  aliihalietically  imder  their  Families) 


PLATYHELMINTHES. 

Cestoda. 

Fauuhj — Diuothuiocki’IIalid-e. 
Dibothriocephaliis  cordatus  (]>. 
847). 

Dihotiirioceiihalu.s  latus  (j).  S45). 
Diplogonopoms  graiidis  (p.  849). 
Ideroceroiaes  prolifer  (p.  849). 
Spargamim  mansoiii  (p.  847). 

Family — i i d.k. 

Davaiuea  madagascarieiisis  ()>. 
844). 

Dipylidium  caiiinum  (p  844). 
Hymeuolepis  dimiiiuta  (]>.  843). 

H ynieiiolepis  laiiceolata  (p.  84.3). 
Hymeuolepis  uana  (p.  842). 

Taenia  africana  i^p.  841). 

T:enia  coiifusa  (j).  842). 

T.eiiia  echinococcus  (p.  978). 

'I'iBiiia  saginata  (p.  834). 

Tienia  solium  (j).  837). 

Trematoda. 

Family — F.vse  i o 1 .1 1 1 .k. 

(Jotylogouimus  heterophyes  (p. 
859). 

Dicrocmliuin  lauceatum  (p.  856). 
Fasciola  heiiatica  (]).  853). 
Fasciolopsis  buski  (ji.  855). 
Fasciolopsis  rathouisi  (p.  856). 
Opisthorchis  I'eliueus  (j).  859). 
Opisthorchis  noverca  (p.  857). 
Opisthorchis  sinensis  (p.  858). 
Paragonimus  westermani  (]).  860). 

Fa  mily — P.v  u M nil  sio.m  1 da:. 
Gladorchis  \vatsoni  (p.  862). 
Gastrodiscus  hominis  (]).  862). 

Family — Sen  istosom  m.t:. 
Schistosonium  hiematobiiuu  (p. 
863). 

Schistosomnm  japonicnm  (j).  881). 

NEMATHELMINTHES. 

Nematoda. 

Family — AxGiosTOMiD.t:. 

Strongyloides  stercoralis  (p.  952). 

Family — Angu  i i,  i.u  u 1 > a;. 

Rhabditis  niellyi  (p.  919). 
Rliabditis  pellio  (p.  920). 

Family — Asc.\  iuda;. 

A.scaris  canis  (]>.  889). 

A.scaris  liindiricoides  (j).  885). 


NEMATHELMINTHES  — coiitiiiaul 

Nematoda. 

Family — Asc.t  uid.e. 

.Vsearis  maritima  i p.  890). 

Oxyuris  vermicularis  (p.  890). 

Family  — F 1 i..v  ui  da:. 

Filaria  baucrofti  (]>.  933). 

Filaria  conjum  tivie  (p.  920,. 

Filaria  demarcjuayi  (p.  951). 

Filaria  equina  (p.  921). 

Filaria  hominis  oris  (ji.  921). 
Filaria  kilimane  (p.  921). 

Filaria  labialis  (p.  921). 

Filaria  loa  (p.  929). 

Filaria  magallnesi  (p.  951) 

Filaria  medineusis  (p.  921). 

Filaria  ocidi  humani  ()i.  921). 
Filaria  perstans  (p.  932) 

Filaria  powelli  (p.  952). 

Filaria  restiformis  (p.  921). 

Filaria  romanorum  orientalis 
(p.  921). 

Filaria  volvulus  (p  952). 

Family — Gxatjiustomid.e. 
Gnathosloma  siainense  (j).  955). 

Family — SriioNG  YU  i >.1:. 

Aukylostoma  duodenale  (p.  895). 
Eustrongylus  gigas  (p.  893). 
Necator  americanus  (p.  899). 
<E.so]ihagostomum  bi  iimpti(p.  905). 
Strongylus  ajiri  (j).  894). 
.Strongylus  subtilis  (]).  894). 
Triodontophorus  deminutus  (p. 
905). 

Family — Tuichotuachei.id.'k. 
Trichocephalus  trichiurus  (p.  906). 
Trichinella  s])iralis  (]>.  909). 

Acanthocephala. 

Eehinorhjmchus  homiids  (p.  957  . 
Echinorhynohus  monililbrnii.s  (]>. 
957). 

Gigantorhynchus  gigas  ('p.  957). 
Pentastomida. 

Fa  mily — In  n g i:  .A'ru  L i D.E. 

Linguatula  rhinaria  (p.  958). 

Family — PuiiocEniAi.iD.E. 

l’oroce2)halns  constrictus  (]>.  959). 

Hirudinea. 

llicmadipsa  ceylonica  (]>.  959). 
I.imnatis  nilotica  (ji.  959). 
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In  the  following  pages  all  the  important  Platyhelniinthine  and 
Nemathelminthine  parasites  of  man  are  mentioned.  Certain  donbtfni 
eases  such  as  Tn’iiia  serrata  (Goeze),  Ikivainea  {})  asiatica  (v.  Lin.),  or 
^^'ilal■ia  immilix  (Leid}-),  F.  gi(fas  ami  F.  (Manson),  have  been  ondtted, 

as  the  evidence  is  at  present  insufficient  to  justify  their  inclusion, 
but  with  these  e.xceptions  our  list  is  complete.  Many  forms  are 
included  which  have  only  been  recorded  once  or  twice,  and  about 
which  very  little  is  ktiown,  but  it  is  precisely  about  these  forms 
that  we  want  more  information,  and  they  are  worth  drawing  atten- 
tion to  for  this  reason  alone.  Within  the  limits  of  this  work  it  is 
impossible  to  go  dee|)ly  into  anatomical  detail,  but  more  can  be  found  in 
the  systematic  treatises  on  the  subject,  among  which  may  be  mentioned, 
“ Die  thierischeu  Parasiten  des  Menschen,”  by  Max  Braun,  M'iii'zburg, 
lOO.'l^;  and  “ Von  Mdirrnern  und  Anthropoden  hervorgerufcne  Krkran- 
kungen,”  by  A.  Looss  in  the  UamUmch  iter  TropenkrwHheitvn,  Band  i. 
Leipzig,  190b.  The  names  of  others  will  be  found  in  the  list  of 
references.  M^e  mention  these  two  as  we  have  used  them  largely  both 
foi-  synonymy  and  for  the  bibliography. 

Phylum  I.  Platyhelminthes 
CT^-vss  I. — Cestoua 

The  cestodes  or  tapeworms  are  long,  Hat,  white,  ribbon-like  organisms 
which,  in  their  mature  form,  inhabit  the  alimentary  canal  of  most 
vertebrates. 

I'^iich  worm,  anatomically  speaking,  is  divisible  into  a head  and  neck — 
acokx — and,  springing  from  the  latter,  a single  file  of  joints  or  segments — 
jirofflottidi'S ; together  these  constitute  the  body  or  strobila.  The  head  is 
usually  provided  with  two  or  four  strong  muscular  discs  or  suckers,  and, 
in  many  species,  arranged  around  a beak  or  rostellum,  one  or  more  circles 
of  chitinous  booklets.  These,  the  suckers  and  booklets,  serve  to  attach 
the  ])arasite  to  the  mucous  membrane  of  the  alimentary  canal  of  the 
host. 

The  head  is  minute,  being,  as  a rule,  just  discernible  with  the  naked 
eye  at  the  free  end  of  the  narrowest  or  foremost  pai't  of  the  worm. 
Tracing  backwards  from  the  head  or  scolex,  and  originating  usually  from 
its  posterior  part  by  a process  of  serial  budding,  we  first  come  to  minute*, 
immature  j)roglottides.  As  we  proceed  backwards  the  ju-oglottides 
become  more  distinctly  differentiated,  increase  in  size,  and  shew  more 
and  more  evidences  of  progress  towards  maturity.  Finally,  about  half 
way  along  the  body  and  long  before  we  arrive  at  the  last  elements  of  the 
chain,  we  find  that  the  proglottides  are  sexually  mature,  each  ])toglottis 
possessing  elaborate  male  and  female  organs  of  i*eproduction.  Fertilisation 
takes  place  between  these  mature  proglottides,  and  the  uterus  soon 
liecomes  ])acked  with  eggs,  which  speedily  secrete  an  egg-shell  and 
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develop  into  minute  embryos.  A tiipeworm  may,  therefore,  be  legarded 
as  a colony,  and  each  individual  proglottis  as  an  animal  complete  in  itself  ■ 
or  it  may  be  looked  on  as  a segmented  animal,  each  proglottis  represent- 
ing a single  and  largely  independent  segment. 

The  proglottides  contain  no  organs  of  digestion,  nutrition  being  effected 
by  absorption  from  the  alimentary  juices  of  the  host.  Excretion  is  carried 
on  by  an  elaborate  water  vascular  system. 

Idle  male  organs  of  generation  consist  of  testis,  vas  deferens,  and 
cirrus  (penis);  the  female  of  ovary,  yolk-gland,  shell-gland,  uterus, 
receptaculum  seminis,  and  vagina.  The  vagina  and  vas  deferens  usually 

CJCC. 


Tig.  lit). — Diagram  ol  thi‘  ivproiiuctive  orgaus  of  T.  naginata,  e,  cirrus  bulb;  ex.c,  excretory  canal; 
g.p,  genital  pore;  ii,  lateral  nerve  - coni  ; o,  ovary;  or,  oviduct;  fh.g,  shell-gland;  t,  testes; 
ut,  uterus  ; r.d,  vas  deferens  ; y.g,  yolk-glands.  From  Leuckart  and  Nitschc. 

open  into  a common  genital  sinus,  which,  in  its  turn,  opens  externally 
either  on  the  ventral  surface,  or  laterally  usually  alternating  on  the  right 
or  left  margin  of  the  proglottides  (Fig.  IIG).  In  some  species  the  male 
and  female  genital  pores  are  separated. 

AVhen  the  ova  have  arrived  at  maturity  the  proglottides  containing 
them  break  off  in  ones  or  twos,  or  in  strings,  and  pass  out  of  the  body  of 
the  host  either  by  their  own  proper  movements  or,  more  usually,  are 
expelled  with  the  faeces.  Thej^  are  easilj^  recognised  as  white,  oblong,  or 
square  bodies  which  indulge  in  movements  more  or  less  active.  The  ova 
they  contain  are  either  expelled  through  a special  pore  or  escape  on  the 
decay  or  rupture  of  the  proglottides,  or  they  may  not  be  set  free  until 
the  proglottides  are  swallowed  and  digested  by  some  animal. 
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As  a rule,  in  most  species  at  this  stage,  the  egg  has  developed  into  the 
1 embryo — now  enclosed  in  a thick  shell  of  its  own,  the  yolk  having  been 
I absorbed  at  an  earlier  stage  of  intra-ntcrine  life.  In  a few  species  at 
the  time  of  its  birth  the  embryo  is  still  undeveloped.  In  the  foinier  the 
diH'erentiated  embryos  are  ready  to  enter  the  body  of  their  intermediate 
■ host ; in  the  latter,  before  they  I'each  this  stage,  the  ova  have  to  pass  a 
certain  time  in  water  or  in  some  other  medium  during  which  the  eml)ryo 
is  developing  in  preparation  for  this  migration. 

The  embryo  of  the  cestodes,  called  an  Onchosphere,  is  provided  with 
six  booklets  (hence  the  term  “six-hooked  embr}'o”  or  “ hexacanth  ”) 
arranged  in  pairs  at  one  pole  of  its  spherical  body.  On  arrival  in  the 
alimentary  canal  of  its  intermediate  host,  the  shell  in  which  the  embryo 
is  enclosed  is  dissolved,  or  in  other  cases  the  mantle  of  cilia  with  which  it 


-rost. 
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Ku;.  1 17. — Cysticercus  of  T.  saginala,  cut  in  lialf  to  shew  the  invaginatecl  heail.  a,  lumen  of  cyst ; 
li,  tissue  at  base  of  the  scolex  ; o.s,  opening  of  one  of  the  suckers  ; rost,  rostellum  ; suck,  suckers. 
From  Leuckart  aiul  Nitsche. 

is  invested  is  cast.  By  means  of  the  booklets  it  then  works  and  bores  its 
way  through  the  trails  of  the  gut  and  the  intervening  tissues  until  it 
arrives  at  the  liver,  lungs,  muscles,  brain,  connective  or  other  ajipropriate 
tissue.  The  six  booklets  are  now  discarded,  and  from  the  pole  opposite 
to  that  occupied  by  these  booklets,  and  by  a process  differing  in  detail 
according  to  species,  a head  and  neck  (sohlex),  exactly  similar  to  that  of 
the  tapeworm  from  which  the  embryo  originally  emanated,  is  developed. 

When  this  stage  is  completed  it  is  found  that  the  scolex  is  invei'tcd 
within  a large,  clear,  watery  bladder, — really  the  dropsical  body  of  the 
embryo  ; from  which,  when  the  circumstances  are  favourable,  it  can  be 
protruded.  This  is  called  a ajsticercii.%  and  tapeworms  so  characterised 
are  classified  as  cystici.  In  another  set  of  tapeworms  this  cyst  is  exceed- 
ingly minute  and  rudimentary  ; such  are  classified  as  cysioidei.  In  a third 
set  the  embryo  becomes  enormously  distended  by  a clear  watery  fluid  ; by 
a sort  of  budding  process  from  the  inner  celhdar  layer  of  the  wall  of  the 
VOL.  ir. — PT.  II  3 H 
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cyst  containing  this  fluid  a number  of  subsidiary  hroocl-capsuk's  are  formed, 
tile  inner  layer  of  which  gives  origin  to  tapeworm  scolices.  These  cysts 
are  designated  echinococci.  Yet  a fourth  type  of  development  is  supplied 
by  the  Dibofhriocephulidic.  In  them  no  cyst  of  any  description  is  formed ; 
the  embryo  or  pie  nicer  coid,  as  it  is  called,  simply  enlarges  and  elongates, 
the  head  with  two  suctorial  grooves  being  formed  at  one  end.  In  these 
worms  the  immature  parasite  may  attain  considerable  length  in  the  inter- 
mediate host — several  inches  perhaps — and  resemble  in  many  respects  the 
mature  tapeworm,  but  they  are  never  sexually  mature. 

Many  cestodes  at  this  stage  of  development  retain  for  years  their 
capacit}'  for  further  advance  if  transferred  to  the  stomach  of  the 
definitive  host ; others  again  die  at  a comparatively  early  date,  becoming 
withered  and  calcified.  On  transference  to  the  definitive  host  the  cystic 
structure  is  digested  ofl,  and  the  scolex,  by  means  of  hooks  and  suckers, 
anchors  itself  to  the  mucous  membrane  of  the  small  intestine  and  rapidly 
grows  into  a mature  tapeworm. 

The  Cestoda  are  represented  in  man  by  two  families,  the  Toiibwla; 
and  the  Dihothrioceplmlidoi.  The  former  have  four  suckers,  and  usually 
a single  or  double  row  of  booklets  on  a rostellum.  In  them  the  sexual 
opening  is  marginal.  In  the  young  stage  they  are  Cysticerci.  The 
Dibothriocephalidce  have  no  hooks,  and  only  two  slit-like  suckers,  and,  a.s 
a rule,  their  sexual  organs  open  on  the  surface  of  the  proglottides.  As 
already  explained,  in  their  immature  stage  they  produce  no  cyst,  but  lie 
free  or  lightly  encysted  in  the  tissues  of  the  intermediate  host  as  plero- 
cercoid  larv;e. 

Practically  we  have  to  deal  with  only  three  species  of  tapewcn  m as 
adult  iidiabitants  of  the  human  alimentary  canal : Ttenia  saginata,  or 
the  beef-tapeworm  ; Tsenia  solium,  or  the  pork-tapeworm  ; and  Dibothrio- 
cephalus  latus,  or  the  fish-tapewonn.  The  much  more  serious  laival 
forms  of  the  Tcvnia  echinococcus  are  dealt  with  in  the  article  on  “ Hydatid 
Hisease”  (p.  976).  Besides  these  a number  of  other  cestodes  have  been 
met  with  in  man  ; and,  doubtless,  as  our  accpiaintance  with  the  helmin- 
thology of  savage  and  semi-civilised  peoples  extends,  yet  others  will  be 
added  to  the  list. 


Family  I.  Tteniidse 

• 

i.  Tsenia  saginata  (Goezc),  1 782. — (Synonyms  : 7'.  soliumlj.  1 767  (pro 
parte),  T.  cucurhitinn  Pallas  1781  (pi-o  parte),  T.  inermis  Brera  1802, 
Mocpiin-Tandon  1860,  T.  dentafa  Nicolai  1830,  T.  lafa  Primer  1817, 
Bothriocephalns  tropicus  Schmidtmiiller  1847,  T.  mediocandlaio.  Kiichcn- 
meister  1855,  T.  zittavcnsis  Kiichenmeister  1855,  T.  tropica,  Mocpiin- 
Tandon  1860,  T.  (Oji-dotcenia)  ■medioconcllata  Leuckart  1863)  (Fig.  120). — 
7’.  .-uKjinuta  in  the  adult  state  lives  exclusively  in  the  alimentary  canal  of 
man.  This  is  one  of  the  commonest  and  most  widely  distributed  of  the 
human  tajicworms.  According  as  it  is  elongated  or  contracted,  it  measures 
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from  4 to  8 metres  in  length,^  and  is  composed  of  from  1200  to  l.'UH) 
proglottides.  The  more  mature  pioglottides  are  long  (16-20  mm.,  and 
3-7  mm.  broad);  those  about  the  middle 
of  the  worm  are  broad  (12-14  mm.);  those 
constituting  the  more  immature  portion 
gradually  taper  in  size  to  very  narrow 
aird  extremely  ilelicate  dimensions.  The 
pear-shaped  head  (Fig.  121,  A and  B)  (l'5-2 
mm.)  is  provided  with  four  powerful  suckers, 
but  has  neither  booklets  nor  rostellum. 

The  marginal  genital  pore  projects  mark- 
edly, and  leads  to  a uterus  having  many 
— twenty  to  thirty-five — lateral  dichotom- 
ously  dividing  branches.  The  contained 
eggs,  or  rather  shelled  embryos,  are  minute 
(0'03  to  0'04  by  0'02  to  0'03  mm.), 
slightly  oval  bodies.  The  shell  is  thick 
and  encloses  a six-hooked  embryo. 

Carefully  conducted  feeding  experi- 
ments have  conclusively  proved  that  the 
o.x  acts  the  part  of  intermediate  host  to  T. 
naginata.  The  cystic  stage  of  the  parasite 
known  as  Cysticercus  bovis  (7 '5  to  9 mm.  x 
5'5  mm.)  is  passed  in  the  muscles  of  this 
animal ; more  rarely  in  the  liver  and  other 
viscera.  It  is  not  known  how  long  the 
cysticerci  retain  their  vitality,  several  years 
probably,  before  becoming  shrivelled  and 
undergoing  calcareous  changes ; but  it  is 
known  that  when  man  consumes  raw  or 
imperfectly  cooked  beef  containing  living  cysticerci,  T.  naginata  is  developed 
in  his  intestine. 

Thus  it  comes  about  that  in  countries  in  which 
much  and  imperfectly  cooked  beef  is  eaten  this  tape- 
worm is  very  prevalent ; more  particularly  is  this  the 
case  where  the  cattle  are  badly  fed  and  tended,  and 
where  they  ar-e  therefore  in  their  turn  much  e.xposed 
Kic  119— E-'g  of  Tcmia  infection  by  tapeworm  ova.  Comparatively  rare 
( x'"  about  400).  in  Western  Europe  and  the  United  States  of 
Loo.s.s.2  America,  J . naginata  is  common  in  hastern  Eurojie, 

in  Asia,  Africa,  and  parts  of  South  America.  In 
many  districts  it  is  excessively  common.  In  Abyssinia,  for  example. 


Fig.  118.— Ripe  jiroglottis  of  T.  sagiiiatc. 
(magnilied).  y.p,  genital  pore ; <>, 
oviduct  degenerating ; ut,  uterus  ; 
r,  va.s  deferens  ilegcnei-ating.  From 
Leuckart  and  Nit.sclie. 


’ Berenger-Fcraml  records  a s))ecinien  which  attaiiieil  a length  ol‘  74  metres  ! In  this 
and  in  .similar  instances  of  apparently  abnormally  long  tapeworms,  the  fragments  of  several 
individuals  have  been  regarded  as  belonging  to  one  animal. 

The  figures  of  ova  described  as  from  Looss  in  this  article  are  all  magnified  to  the 
.same  extent,  about  400  times,  and  thus  shew  the  relative  size  of  the  eggs  found  in  human 
faeces. 
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neiU'ly  every  native  entertains  one  or  more  of  these  unpleasant  guests. 
In  the  North-West  Provinces  of  India,  where  about  5 per  cent  of  tlie 
cattle  are  affected  with  cysticerci,  it  is  nearly  as  prevalent, —a  condition 
entirely  attribuUible  to  the  filthy  habits  of  the  people,  their  carelessness 
in  the  management  of  their  cattle  and  in  the  cooking  of  their  food, 


Fig.  120. — T.  mginata  (nat.  size). 
After  Leuckart. 


Fig.  121. — Head  of  T.  sayinata.  A,  contracted  ; 
B,  extended  ( x 8).  After  Beuckart. 


and  their  personal  uncleanliness.  Of  late  years  this  tapeworm  is  said 
to  be  becoming  more  common  in  the  south  of  France  in  consequence 
of  the  large  importation  of  Algerian  bullocks. 

Measly  beef  (Fig.  122),  that  is,  beef  affected  with  Cysticercus  hovis,  is 
easily  recognised.  Here  and  there,  scattered  throughout  the  muscles 
and  lying  lengthwise  betiveen  the  fibres  are  to  be  seen  small,  oblong. 
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u watery  cysts,  measuring  7 '5  to  9 mm.  by  5 ’5  mm.  If  one  of  these 
l|  eysts  is  shelled  out  and  examined  Avith  a lens,  the  invaginated  head  of  tlur 
i immature  cestode  can  be  detected  in  its  inside.  By  placing  the  cyst  in 
I warm  salt  solution  the  head  becomes  evaginated  (Fig.  1 *23),  and  is  seen  to 
1 be  attached  to  the  end  of  a long  neck  springing  from  the  short  equator 
I of  the  cyst.  Under  the  microscope  the  four  suckers  and  unarmed  head 
I of  Ticnia  saginata  are  readily  recognised. 

Cjisticeixus  bovi.<,  unlike  the  cysticercus  (C'.  crllulosK')  of  1\  soliin/i,  is 
I very  rare  in  man.  The  only  animals  besides  the  ox  in  which  it  ha.s 
i hitherto  been  found  are  the  goat  and  the  giraffe.  Attempts  to  rear  the 
I tapeworm  in  the  dog  have  failed.  It  is  said  to  live  for  some  eight 
1 months  in  the  ox  at  least  before  it  begins  to  undergo  calcareous 
1 degeneration.  A temperature  of  47°  or  48°  C.  ahvays  kills  it. 

It  has  been  proved  that  from  the  time  the  cysticercus  is  swallowed  to 
the  appearance  of  proglottides  in  the  stools  about  sixty  days  must  elapse. 
At  the  end  of  this  time  eight  or  twelve  or  more  proglottides  are  thrown 

I 


Kio.  1:!2. — Cysticpn-us  of  T.  suffinatii  Fio.  123.— Cy.sticercu.s  bovis; 

or  Cysticercus  bovU  in  beef  (niit.  head  e\aginated  (x  3). 

size).  After  I.euckart.  After  Ijenckart. 


off'  daily  by  the  now  mature  worm  during  an  indefinite  number  of  years, 
ddie  proglottides  rarely  appear  in  the  stools  in  strings,  as  with  many  other 
tapeworms ; they  are  usually  given  off  singly,  sometimes  passing  out  of 
the  bowel  independently  of  the  act  of  defecation  and  by  their  oivn  ]iroper 
locomotive  activity.  Thus,  besides  being  nearly  a constant  feature  in  the 
stools,  they  may  creep  out  of  the  body,  and,  as  a consequence,  are 
frequently  found  in  the  patient’s  clothes,  in  his  bed,  or  about  his  room. 
During  their  Avanderings  the  remarkable  elongations  and  shortenings  and 
muscular  contractions  of  the  proglottides  bring  about  the  expulsion  of 
the  eggs — A'ery  commonly  from  a rupture  in  the  fore  pai't  of  the  uterus. 
In  this  Avay  these  eggs  are  streAvn  about,  and,  if  fortune  favour  them, 
are  appropriately  placed  for  ingestion  by  the  ox. 

A knoAvledge  of  the  facts  of  the  life-history  of  this,  as  of  all  other 
parasites,  is  of  extreme  importance,  as  indicating  Avith  jirccision  the  direc- 
tion that  prophylactic  measures  should  take. 

ii.  Taenia  solium  L.  pro  parte  1767. — (Synonyms:  Tcenia  cvcurbithui 
Ball.  1781,  T.  ptdlucida  Goeze  1782,  T.  rulgaris  Werner  1782,  7'. 
(lenUda,  Gmel.  1790,  Halysis  solium  Zeder  1800,  T.  humana  onnnUi 
Brera  1802,  T.  (Cystotcenia)  solium  Leuck.  1862.) — This  tapeAvoian  is 
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(fistiiiguishiible  from  the  foregoing  by  its  smaller  size,  averaging  from 


Flo.  124. — Head  of  T.  Kolium  (X  45). 
After  I, euck.nl. 


Fio.  125. — Uipe  ami  lialf-ripe 
proglottides  of  V.  nolium 
(nat.size).  After Leuckart. 


2-3 ‘5  metres  in  length,  but  especially  by  the  double  circle  of  twenty -two 


r. 


.n. 


A'/. 


at. 


V. 

ff  />  . 


cx.c. 


Fii:.  126.— Diaj:rani  of  the  reproductive  organs  of  T.  solium,  c,  cirrus-bull  > ; 
<j-.r,  excretory  canal ; genital  i>ore  ; ii,  lateial  nerve  ; o,  ovary  ; the 
lliinl  anterior  lobe  serves  to  distinguish  this  species  from  7’.  suginatu  : 
or,  oviiluct;  sh.g,  .shell-gland  : t,  testes;  vt,  uterus;  r.d,  vas  deferens; 
yolk-glands.  From  Ijeuckait.  and  Xitsche. 


Fid.  127. — Ripe  proglottis  nl 
sUiuvi,  g.p,  genital  pore- 
remains  of  oviduct ; vt,  ntc 
V,  remains  of  vas  defer 
From  licuckai’t  and  Nit.<cl 


to  thirty-two,  usually  twenty-six  to  twenty-eight,  booklets  which  sur- 
rounds the  medium -sized  rostellum  (Fig.  124).  The  spherical  head  (0-6 
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to  ru  mm.)  carries  four  large  somewhat  prominent  suckers.  The  neck 
is  thread-like,  the  segments  very  gradually  increasing  in  size  up  to  about 
the  middle  of  the  worm,  where  they  measure  rather  under  8 mm.  in 
breadth.  The  proglottides  numl)er  800  to  900.  Towards  the  free  end 
the  ripe  proglottides  (Fig.  125)  elongate  and  become  narrower,  measuring 
there  from  10  to  12  mm.  in  length  by  5 to  6 nini.  in  breadth.  The 
geiutal  pore  is  marginal  and  more  or  less  regularly 


to  ten 
The 
mm.), 
worm 
The 
singly 


alternate.  The  uterus  has  on  each  side  seven 
lateral  branches,  which  divide  dendritically. 
eggs,  or  rather  embryos,  are  spherical  (0-03 
and  have  a.  firm,  thick,  brownish  shell.  The 
lives  exclusively  in  the  small  intestine  of  man 
proglottides  as  they  become  ripe  are  dischaiged 
or  in  chains  with  the  faeces  of  the  host,  and  in  this 
way  the  ova,  while  still  in  the  proglottides,  or  after 
expulsion  from  them  during  their  slow  movements,  get  an  opportunity 
of  being  transferred  to  the  stomach  of  the  pig  or,  occasionally,  of  othei- 


I-'ic.  liS. — Egg  of  Tu'uii' 
aolitini  (X  about  400), 
Light  brown  in  oolonr. 
Erom  I.oo.ss. 


animals,  including  m:in  himself. 

Arrived  in  the  stomach  of  a vertebrate,  the  shell  enclosing  the  six- 
hooked  embryo  is  dissolved  by  the  gastric  juices.  Being  thus  liberatetl 
the  embryo  works  its  way  through  the  gut  and  into  the  viscera,  muscles, 
and  connective  tissue  of  the  intermediate  host.  The  connective  tissue 
between  the  muscular  fibres  seems  to  be  the  more  normal  and  usual 
destination  for  the  embryo,  but  it  may  come  to  rest  in  almost  any  organ. 
In  muscle  the  embryo  becomes  transformed  in  the  course  of  a feAv  weeks 
into  a clear,  elliptical  cyst  (usually  8-10  mm.  in  length),  the  Ci/AicrrcuH 
rt'llulostr ; its  long  axis  is  disposed  in  the  direction  of  the  muscular  fibres 
which  it  separates  (Fig.  129).  This  cyst  contains  the  spirally  rolled  and 
much-wrinkled  invaginated  cestode  head  which  in  hooks,  suckers,  rostellum, 
and  in  every  other  respect  resembles  the  scolex  of  Tivnia  solinm  (Fig.  130). 
The  parasite  may  degenerate  at  an  early  age,  but  there  is  at  least  one 
recorded  case  in  which  a living  cysticercus  located  in  the  eye  was  under 
observation  during  twenty  years. 

Pork  beset  with  these  cysticerci — the  long  and  well-known  Ci/.sficercvs 
veUnlom — is  known  as  “ mea.sly  pork.”  When  eaten  raw,  or  imperfectly 
cooked,  it  leads  in  man  to  the  development  of  Taniia  solium  in  the 
intestine,  as  has  been  amply  proved  l)y  feeding  experiments.  It  is  a 
comparatively  rare  thing,  in  Europe  at  all  events,  to  find  more  than  one 
Td'ina  sagivafa  in  the  same  individual  host ; hence  this  tapeworm  is  some- 
times Killed  the  rer  solitaire.  It  is  otherwise  ivith  Ta'via  soliimi — two,  oi- 
many  more,  being  frequently  found  together. 

The  geographical  distribution  of  Tainia  solmrn  corresponds  with  that 
of  the  pig;  its  greater  or  less  abundance  in  an}’’  particular  district  or 
country  depending  on  the  way  the  swine  are  tended,  the  habits  of  the 
natives  as  regards  the  disposal  of  their  dejecta,  and  the  way  in  which 
they  prepare  their  pork  for  the  table.  In  3814  post-mortem  examina- 
tions in  North  Germany  the  mature  tapeworm  was  found  about  once  in 


S40 


SYSTEAr  OF  MEDICINE 


every  200  bodies.  In  South  Germany,  in  trance,  in  Great  Biitain,  and 
in  the  United  States,  it  is  by  no  means  so  frequent.  Naturally  the 
Ci/sticercus  celluloses  has  a corresponding  geogi’aphical  distribution.  Accord- 
ing to  Leuckart,  in  Prussia,  in  1,728,600  swine  examined  in  1876  one 
carcase  in  every  370  had  Ci/sticerci  cellulosce.  As  regards  man,  in  9/5.1 
post-mortem  examinations  of  human  bodies  in  various  Pathological  Insti- 
tutes in  North  Germany,  the  cysticercus  was  found  once  in  every  76 
bodies.  In  1869  1\  solium  was  as  common  in  Denmark  as  T.  sacfinata-, 
now  it  has  almost  entirely  disappeared,  but  both  species  are  found  twice 
as  often  in  women  as  in  men  (Krabbe).  In  Western  Europe  their 


occurrence  is  not  nearly  so  common.  The  greater  frequency  of  cysticerci 
in  man,  as  compared  with  the  pig,  is  of  course  attributable  to  the  greater 
care  with  which  they  are  searched  for  in  the  former,  and  to  his  greater 
age  : not  to  his  superior  susceptibility  or  greater  liability. 

In  consequence  of  the  liability  of  man  to  cysticercus  infection  through 
his  swallowing  the  eggs  of  Tmiia  solium  in  food  or  in  water,  or  from  their 
introduction  by  soiled  hands,  or,  as  some  suggest,  by  a sort  of  auto- 
infection from  the  regurgitation  into  the  stomach  of  the  ripe  proglottides 
of  the  tapeworm  during  an  act  of  vomiting,  or  in  other  ways ; and  in 
consequence  of  the  frequency  with  which  the  Gysfkercus  celluloses  develops 
in  the  brain,  eye,  heart,  and  other  localities  (rarely  in  the  liver,  never  in 
the  bones),  it  becomes  an  object  of  considerable  pathological  importance. 
Cases  are  on  record  in  which  hundreds  and  even  thousands  of  cysticerci 
were  found  in  the  various  organs.  Such  wholesale  infection  is,  however, 
rare.  Strange  to  .say,  the  parasite  seems  to  have  a predilection  for  the 
brain  and  eye,  and  in  Jiot  a few  instances  it  has  been  found  restricted  to 


Fig.  130. — Cysticercus  of  T. 
solium ; head  evaginated 
(X  2).  After  Leuckart. 


Fig.  120.— Cysticercus  of  T.  solium  in  pork 
(nat.  size)  After  Leuckart. 
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these  organs.  In  the  brain  the  ct^sticerci  ai'e  iisnall}'  found  in  tlie 
membranes  or  in  the  cortex,  more  rarely  in  the  interior.  In  eighty-eight 
cases  collected  by  Kiichenmeister  they  were  found  forty-nine  times  in  the 
membranes,  thirty-nine  times  in  the  cortex,  thirty-six  times  in  the  great 
ganglia,  nineteeji  times  in  the  central  sul)stance,  and  eighteen  times  in  the 
ventricles.  Von  Graefe  calculated  that  in  Berlin  ophthalmic  practice  the 
cysticercns  was  observed  in  the  eye  once  in  about  every  thousand  cases. 
In  England  they  are  \'ery  much  rarer.  Their  most  common  position  in 
the  eye  is  beneath  the  retina ; about  half  as  frequently  they  are  fouml  in 
the  vitreous  humour ; still  more  rarely  they  appear  in  the  antei'ior 
chamber  and  elsewhere.  In  the  aqueous  and  \itreous  humours  the 
parasite  is  free,  and  the  movements  of  the  head  and  neck  can  readily  be 
made  out.  In  these  cases  it  is  probable  that  in  the  first  instance  the 
cysticerci  were  developed  behind  the  retina,  or  in  the  iris,  and  that  after- 
wards they  had  broken  loose. 

Cysticerci  developed  in  the  arachnoid  or  pia  mater  as.sume,  in  certain 
instance.s,  a peculiar  branched  ai)pearance  which  has  gained  for  them  the 
name  of  Ci/sficerctis  7-aremosvs  or  multilocularis,  a name  very  apt  to  be 
misunderstood.  In  this  situation  the  immature  jtarasite  may  grow  to 
a great  size  (8-25  cm.)  and  have  many  branches  and  diverticula.  The 
peculiar  form  of  this  variety  of  cysticercns  is  probably  attributable  to 
the  conditions  of  the  pressure  under  which  it  grows ; conditions  which 
appear  to  regulate  the  size  and  shape  of  the  cyst  in  the  dift'erent  localities 
of  the  body,  wheresoever  it  chances  to  be  located.  In  the  ventricles  of 
the  brain  it  may  grow  to  be  as  big  as  a pigeon’s  egg. 

Occasionally  the  cysticerci  develop  under  the  cutis,  where  they  form 
small  tumours  the  size  of  a pea.  The  concurrence  of  such  tumours,  or 
of  a cysticercns  in  the  eye  with  cerebral  .symptoms,  is  a valitable  point  in 
determining  the  diagnosis  of  obscure  brain  disease. 

Unless  removed  early,  cysticerci  in  the  eye  ultimately  lead  to 
destruction  of  the  oi’gan,  and  perhaps  to  sympathetic  inflammation  of 
the  other  eye.  In  the  heart  they  may  give  rise  to  functional  irregularitie.s, 
and  even  to  valvular  insufficiency.  In  the  lungs  they  may  produce 
asthmatic  affections.  In  the  brain,  particularly  when  located  in  the 
central  ganglia,  or  when  they  press  upon  nerve  - trunks,  motor  or 
sensory  tracts,  or  centres,  they  may  give  rise  to  paralytic  or  epileptic 
conditions ; when  on  the  surface  of  the  brain  they  are  usually  of  less 
moment. 

A form  once  described  as  'Trmia  accmthotrias  is  known  in  the  cysticercns 
stage  only,  and  has  only  very  rarely  been  met  with.  It  was  first  described 
in  the  muscle.s,  under  the  skin,  and  in  the  bi’ain  of  a white  woman  from 
Virginia,  U.S.A.  In  appearance  it  resembled  the  cysticercns  of  Ta’iiia 
solium.  The  scolex  can-ied  from  forty- two  to  forty-eight  hooklets, 
arranged  in  a triple  circle  round  the  rostellum.  It  is  now  usually  looked 
upon  as  an  aberrant  form  of  Cysticercns  ceJlnlosce,  and  therefore  a larval 
form  of  T.  solium. 

iii.  Tsenia  afrieana  v.  Linstow  1900.  — This  tapeworm  is  about 
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The  iDroglottides  are  throughout  broader  than  they 
The  head  is  unarmed,  and  the  four  suckers  look  forward  ; the 
short  neck  is  somewhat  broader  than  the 
head.  The  proglottides  number  about  600, 
and  the  last  is  7 mm.  long  by  12  to  15  mm. 
Itroad.  Genital  pore  lateral  and  irregularly 
alternate.  Testes  very  numerous,  and  vas 
deferens  much  coiled.  Ovary  paired,  large, 
and  with  many  radiate  diverticula.  Uterus 
Avith  15  to  24  radiating  but  not  branching 
diverticula.  Egg-shell  thick,  ova  0'0312  by 
0’03.38  mm.  across.  Two  examples  of  this 
worm  inhabited  a natiAC  soldier  near  Lake 
Xyassa.  The  life-histoiy  is  unknoAvn,  but  it 
has  been  suggested  that  the  cysticercus  Ha'cs 
in  the  zebu  (i>V  indicus),  AA'hose  flesh  is  often 
eaten  raAV  in  these  districts. 

iA'.  Taenia  confusa  Ward  1896.  — The 
head  of  this  Avorm,  Avhich  reaches  8'5  m.  in 
length,  is  unknoAvn.  The  proglottides,  Avhich 
are  ahvays  longer  than  broad,  are  700  to  800 
in  number;  the  terminal  is  35  mm.  long  by  4 
to  5 mm.  broad.  The  reproductive  pore  is 
behind  the  middle  of  the  segment  and  irregu- 
larly alternate.  Testes  numerous,  but  vas 
deferens  not  much  coiled.  OAmry  paired, 
small,  each  half  rather  bean-shaped.  Uterus 
AA'ith  14  to  18  short  unbranched  diverticuljA. 
Egg-shell  thick,  radially  striped,  egg  measuring 
0'039  by  0’3  mm.  OnlytAA'o  examples  of  this 
Avorm  are  recorded  ; these  Avere  passed  b}"  a 
man  in  Lincoln,  Nebraska.  The  life-history 
is  quite  unknoAvm. 

V.  Tsenia  echinococcus  a\  >Sieb.  1853. — 
See  art.  on  “Hydatids”  (p.  976). 

vi.  Hymenolepis  nana  (v.  Sieb.)  1852. — 
(Synonyms:  T.  mwa  v.  Sieb.  1852)  {nec  van 
Heneden  1867),  T.  acffi/pfiaca  Bilharz  1852, 
Dipliimvihux  namis  Weitdd.  1858,  T.  (llijmena- 
lepis)  nana  Leuckart  1863)  (Eig.  131). — 
Gr.xssi  regards  this  tapeAvorm  as  identical  Avith 
Tamia  murina  of  the  rat,  but  this  vicAv  is  not 
universally  accepted.  As  a human  parasite  it 
AA'as  fiiAst  discoA'ered  by  Bilharz,  in  1851,  in  the 
ileum  of  an  Egyptian  lioy.  It  is  one  of  the 

uring  oidy  from  10 
) to  U’/  mm.  in  breadth.  The 


^'’l.—IFymcnolcjnn  nana{x  18). 
.After  Leneknrt. 


smallest  of  the  tapeAA'orms  infesting  man,  n 
to  15,  rarely  20  mm.  in  length,  by  0'5  to  O’ 
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spherical  head  (0‘.‘?  mm.)  carries  four  .suckers  and  a very  promiiieiit 
rostellum — often  iuvaginated — surrounded  l)v  a single  circle  of  from  24  to 
2S  or  30  minute  hooklets,  only  0'014  to  ci’018  in  length.  The  joints, 
which  are  short  and  broad,  number  from  IbO  to  170;  they  have  a 
marginal  geniud  pore,  and  when  approaching  maturity  possess  thirt}’  or 
more  ova  (0'04  mm.),  containing  a six-hooked  embryo  (O'OIG  to  O'OlO 
mm.)  enclosed  in  two  thin,  clear,  and  widely 
separated,  firm  egg-shells.  So  minute  a worm  has 
doubtless  been  many  times  overlooked.  In  the 
instonces,  now  not  a few,  in  Avhich  its  presence 
was  ascertained  it  was  found  in  hundreds.  Lately 
cases  have  been  reported  from  Belgrade,  Italy, 

Kussia,  England,  France,  Germany,  South  America, 

Siam,  dapan,  and  th(j  United  States.  Grassi  says 
it  is  very  common  in  the  south  of  Italy  and  in 
Sicily,  particularly  in  children.  Its  life-history  is 
uidcnown,  but  some  authorities  think  the  second  host  is  an  insect  or  a 
myriapod.  It  exists  in  great  numbers  in  the  intestine  (250  to  over 
1 UOO)  and  is  the  cause  of  disorder  of  a more  serious  type  than  those 
l>roduced  by  the  larger  tapeworms.  According  to  Grassi,  the  JI.  murina 
develops  direct  in  the  rat  -without . the  interposition  of  an  intermediate 
host. 


Fio.  182.  — Bgg  of  Hymeno- 
lepis  nana  ( X about  400). 
Colourless.  From  Looss. 


vii.  Hymenolepis  diminuta  End.  1819. — (Synonyms;  Taniia  diminuta 

End.  1819,  leptocephaln.  CvcYilm  1825,  T.Jhivo-jyxmctatuAXemXA.  1858, 

T.  niredmi  Ear.  1884,  T.  miiimnf  Grassi  1886.) — The  occurrence  in  man 
of  this  tapeworm  has  been  recorded  three  times  in  America,  rarely 
in  Italy,  Denmark,  France,  and  South  America,  and  each  time  in  a 
child.  Only  once  was  the  head  found.  This  is  like  that  of  Tcenia 
i>u(jiaata,  though  someivhat  smaller  (0’2  to  0'5  mm.);  it  has  four  elliptical 
suckers,  and  is  devoid  of  hooklets  and  rostellum.  The  neck  is  filiform, 
gradually  expanding  till  at  the  posterior  part  of  the  worm  the  ripe 
proglottides — which  are  trapezoid,  sometimes  triangular  in  shape — 
measure  0'6G  mm.  in  length  by  3'5  mm.  in  breadth,  or  less.  Tlie  joints 
in  the  fore-part  of  the  worm  are  marked  by  a large  yellow  spot.  This 
spot  is  the  distended  receptaculum  seminis.  Posteriorly  this  mark  dis- 
appears, giving  place  to  a brownish-grey  colour  derived  from  the  crowd 
of  ova  filling  the  uterus.  A notable  proportion  of  the  proglottides 
are  barren.  The  eggs  (O'OG  mm.)  i)ossess  a smooth,  double  outline,  and 
enclose  a six-hooked  embryo  sunounded  by  an  oval,  striated,  and  some- 
what thickish  shell  (0'03  mm.).  The  genital  organs  open  laterally.  This 
tapeworm  is  normally  a parasite  of  rats  and  mice,  though  it  occasionally 
makes  its  Avay  into  infants  and  children.  Its  larva,  according  to  Grassi 
and  Rovelli,  lives  in  the  larva  and  adult  of  a small  moth  Asopia  farinedh, 
in  an  orthopteron  Anisolcdns  tni.nvUpr<>,  and  in  the  beetles  yieis  spinosa  and 
S'eaurm  strinlus. 

viii.  Hymenolepis  laneeolata  Bloch.  1782. — (Synonyms:  'J\  hnceohda 
Bloch,  Drepamdokmia  hinrmJafa  Eailliet  1892.) — Tliis  worm  is  30  to  130 
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luiii.  long,  0 to  ly  nini.  broad,  dhe  head  is  small  with  a row  of  eight 
hooks,  each  measuring  0 031  mm.  The  neck  is  short.  The  proglottides 
are  very  broad.  The  normal  host  is  the  duck  and  the  goose,  and  the  | 
intermediate  host  is  a Cyclops.  It  has,  however,  been  passed  by  a boy  on 
two  separate  occasions  at  Breslau. 

ix.  Davainea  madagaseariensis  Davaine  1869. — (Synonyms:  T. 
madagascarieusis  Dav.,  T.  demerarieusis  Daniels  189o.) — Our  knowledge 
of  this  tapeworm  is  still  imperfect.  It  has  been  found  in  Mayotte  (one 
of  the  Comoro  Islands),  in  Mauritius,  in  Siam  (Bangkok),  aTid  in  British 
Guiana.  It  may  attain  a length  of  25  to  30  cm.,  and  have  500  to  700 
proglottides.  The  terminal  proglottides  have  a breadth  of  0’390  nun. 
and  a length  of  D055.  The  head  has  four  suckers  and  a rostelluni 
armed  with  about  ninety  booklets,  0'018  mm.  long.  In  the  interior 
of  the  proglottides  the  eggs  are  arranged  in  balls  disjjosed  in  transverse 
rows.  The  genital  pores  are  lateral  and  on  the  same  side.  The  inter- 
mediate host  is  unknown,  possibly  some  Avidely  distributed  insect  such 
as  a cockroach.^ 

X.  Dipylidium  eaninum  (Linn.)  1758. — (Synonyms:  T.  caniim  L. 
1758  pro  parte,  T.  immilifm'mis  Pallas  1781,  T.  nicumerina  Bloch.  1782, 

T.  cdliptica  Batsch  1786,  Dipylidium  nicmicnnum  Leuck.  1863.) — This  is 
more  especially  a parasite  of  the  dog  and  cat ; but  it  occurs  not  in- 
frequently in  man,  particularly  in  Scandinavia.  Usually  it  is  found  in 
young  children.  The  mature  worm  measures  from  10  to  40  cm.  in 
length.  It  has  a long,  very  extensile,  thread-like  neck  which  gradually 
expands  into  segments,  6 to  7 mm.  long  by  2 to  3 mm.  broad,  of  a peculiar 
reddish  tint  derived  from  the  ova  they  contain.  The  small  head 
has  four  suckers  and  a stout,  rounded  rostelluni  carrying  from  forty  to 
sixty  booklets  set  on  disc-like  bases,  and  arranged  in  three  or  four  some- 
what irregular  rings.  The  terminal  joints,  shaiied  like  melon  seeds,  are 
much  rounded  at  the  corners,  and  also  much  elongated — four  or  five  times 
longer  than  broad.  The  sexual  organs,  Avith  the  exception  of  the  uterus, 
Avhich  is  single  and  central,  are  double,  Avith  openings  on  both  margins  of 
the  proglottis.  In  the  dog  many  individuals  are  found  together — some- 
times hundreds.  To  the  thirty-six  recorded  cases  of  this  parasite  found 
in  man  Zschokke  has  recently  added  another.  His  specimen  came 
fi'om  a four-year-old  boy  in  Bale,  Avho  AA’as  accustomed  to  play  Avith  dogs.  | 

The  dog-flea,  the  human  flea,  the  dog-louse  {Trichodedes  canis)  serve  as  ] 
the  intermediate  host  of  this  tapeivorm.  When  the  cysticercoids  have  ^ 

gained  the  lips  and  mouth  of  the  dog,  they  are  readily  transferred  to  ! 

those  human  beings  Avho  are  uncleanly  enough  to  alloAv  dogs  to  lick  i 

them.  It  is,  Avhen  found  in  man,  almost  exclusively  confined  to  children  I 

Avho  play  Avith  dogs.  Cases  have  been  recorded  in  all  countries  in  the 
north  of  Europe.  , 

' I have  recently  received  .some  proglottides  which  1 take  to  he  of  J).  vw.dagascanensi.i 
from  Diirhan. — A.  E.  S. 
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Family  II.  Dibothpioeephalidse 


i.  Dibothrioeephalus  latus  (Liim.).— (Synonyms : T.  lata  L.  1748,  T. 
ridi/aris  L.  1748,  T.  grimi  Pallas  1796,  T.  ■meinhranacea  Pallas  1781,  T. 
tcnrlla  Pallas  1781,  T.  deiihUa  Batsch  1786,  Bofliriocephalus  Bremscr 
1819,  Dihothriiini  latum  Dies.  1800,  Bothrio- 
cephahis  cristatus  Davaine  1874,  Bothrio- 
irphalus  balticus  Kiiclienmeister  1855,  B. 
lafLisinus  Bngn.  1885)  (Fig.  1,33). — This 
tapeworm  is  of  considerable  size,  measuring 
from  2 to  10,  exceptionally  from  12  to  16 
or  even  20  metres  in  length.  It  is  readily 
distinguishable  from  the  other  tapeworms 
infesting  man  by  this  feature,  by  its  great 
breadth,  by  the  relative  shortness  of  the  pro- 
glottides, by  the  brownish  rosette- shaped 
uterus,  and  by  the  central  position  of  the 
sexual  openings.  The  head  (Fig.  135) 

(2-3  mrn.  by  1 mm.)  is  somewhat  Hatteiied, 
of  an  elongated  olive  shape,  and  is  provided 
with  two  laterally  placed  suctorial  grooves ; 
it  has  neither  rostellurn  nor  booklets.  The 
neck  and  fore-part  are  very  extensile,  being 
thin  or  thicker  according  to  the  state  of 
contraction.  Traced  backwards  the  segments 
gradually  become  broader,  till  about  the 
middle  of  the  worm,  where  they  measure 
10  to  12  mm.  in  breadth  by  4 or  5 mm.  in 
length.  Farther  back  the  segments  become 
narrower  and  elongate,  so  that  about  the 
free  end  they  are  nearly  sc(uare.  The 
margins  of  the  segments  are  thin  and  flat, 
but  the  central  portion  is  thicker,  bulged 
out  by  the  gravid  uterus.  The  segments 
are  very  numerous — 3000  to  4200  some- 
times. In  those  which  are  riper  the  uterus, 
distended  with  ova,  is  thrown  into  radially 
arranged  folds,  forming  what  is  known  as 
the  “ uterine  rosette,”  under  the  middle  of 
the  fore-part  of  which  the  sexual  opeTiings 
are  to  be  found.  These  openings  are  two 
in  number,  and  are  placed  close  together, — 
the  anterior,  a transverse  slit  in  which  are  cinuis- sheath  and  vulva, 
the  posterior,  the  punctiform  opening  of  the  uterus.  The  eggs  are  oval 
(0'068  to  0'07l  b}'-  0'045  mm.) ; the  shell  is  simple,  brown,  and  closed  in 
at  one  end  by  an  operculum. 


Fro.  '[ZZ.— Dibothrioeephalus  latus 
(iiat.  size).  Lmickart. 
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In  the  other  human  tapeworms  already  described  the  embryo  is 
formed  in  utero,  and  very  generally  the  vitelline  portion  of  the  ovum  has 

disappeared  before  the  proglottides  are  detached ; 
the  embryo,  in  fact,  enclosed  in  its  own  proper 
shell,  is  the  only  part  of  the  ovum  remaining. 
This  is  not  the  case  in  IHhoihrhcephalus  latus.  While 
ill  iifi'iv,  and  perhaps  for  months  afterwards,  the 
embryo  is  still  undeveloped,  and  the  egg  retains 
all  the  characters  of  an  undeveloped  ovum.  To 
secure  maturation  of  the  ovum  it  has  to  lie  in 
water  for  a longer  or  shorter  time,  according  to 
temperature  and  other  circumstances.  A ciliated 
si.v-hooked  onchosphere  is  then  developed  which, 
when  sufficiently  mature,  effects  its  escape  from  the  egg-shell  l)y 
forcing  back  the  operculum  ; it  then  sAvims  about  in  the  water  like  an 
infusorian.  This  ciliated  swimming  fonn  gains  access,  either  directly, 
or  possibly  through  the  body  of  another  animal  as  yet  unrecognised, 
to  certain  fishes,  particularly  pike,  burbot  (Lota  ndgans),  members  of 
and  other  fresh-water  species,  which  act  as  intcr- 
the  young  parasite.  In  these  fishes  young  Dibothrio- 
found  in  larjje  mimbers  lying  free  or  only  feebly 


F'lo.  134. — Efig  of  Dihothrio- 
lejihalui  lotus  (X  about 
400).  Dull  brown  colour. 
From  Looss. 


the  Salmonidie, 
mediate  hosts  to 
eephali  are  often 


encysted  in  the  viscera  and  muscles  (Fig.  136).  They  are  not  destroyed 


Fio.  135. — Hcnfi  of  Dibothrioc‘‘i)liuhis  lotus  (x  8). 
A,  from  the  flat  siile  ; 15,  from  the  margin. 
Leuckart. 


B 


Fig.  136.— Larva-  of  Dihn- 
thri'X'eplialus  lotus  from 
the  pike.  A and  15  with 
exteudeil,  C with  relnicti'd 
head.  (A,  nat.  .size ; 15 
and  C,  X 2.)  Ijeuckart. 


by  salting,  pickling,  or  smoking.  They  have  no  caudal  cyst,  nor  do  they 
exhibit  any  indication  of  having  gone  through  such  a metamorphosis  :is 
takes  place  in  the  higher  cestodes ; the  embryo  seems  simply  to  lose  its 
mantle  of  cilia,  to  droj)  its  six  booklets,  and  then  to  elongate  itself,  the 
future  suckers  becoming  visible  as  depressions  or  slits  at  one  end  of  the 
larva.  The  head  and  tail  are  usually  found  invaginated.  The  young 
worm  grows  to  1 or  2 ’5  cm.  in  length  by  2 or  3 mm.  in  breadth.  In 
this  condition  it  is  transferred  in  raw,  .smoked,  or  imperfectly  cured 
or  cooked  fish  to  the  intestine  of  man,  dog,  cat,  or  other  ichthyophagous 
animal,  Avhere  it  rapidly  develops  into  the  mature  Dibothriocephalus  laius. 

In  these  facts,  Avhich  h;ive  been  proved  many  times  by  experiment. 
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we  have  the  explanation  of  the  peculiar  and  narrowly  liiniteil  geographical 
distribution  of  this  parasite,  which,  so  far  as  we  know,  is  confined  to  the 
shores  of  the  Franco-Swiss  lakes,  to  Northern  Italy,  to  Bavaria,  the 
eastern  and  western  shores  of  the  Baltic,  Poland,  Turkestan,  and  Japan. 
A few  cases  are  reported  from  Ireland  and  the  United  States.  In  some 
of  these  countries  a very  large  proportion  of  the  inhabitants  arc  aliected  ; 
in  St.  Petersburg,  it  is  said,  15  per  cent.  As  the  individual  parasites 
may  live  a very  long  time,  up  to  twenty-one  years  even,  and  as  the  fisli 
containing  the  larval  Dibothriocephali  are  frequently  exported  and  con- 
sumed in  countries  outside  the  strictly  endemic  areas,  Dihothriocephalin^ 


ViG.  137. — A,  I'lw- swimming,  six  • liookcil  larva  of  Dihothrioeephnhis  latus  (the  broad  tapeworm  of 
Man),  still  enclo.sed  in  a ciliate<l  membrane  or  mantle.  In  this  condition  it  may  continue 
to  live  in  water  for  a week  or  more,  but  eventually  throws  otf  its  ciliated  coat  (as  in  B)  and 
commences  to  creep  about  vigorously  by  the  aid  of  its  hooks,  in  search  of  its  first  ho.st,  which 
is  at  present  unknown,  x 000.  After  .Sehauinsland. 

latus  is  sometimes  met  ivith  at  a distance  from  its  usual  and  endemic 
haunts.- 

ii.  Dibothriocephalus  eordatus  (K,  Leuck.)  1863. — (Synonym:  Bothrio- 
cephabis  rordafiis  Leuck.) — Hitherto  this  worm  has  been  found  in  man 
only  rarely.  It  occurs  in  Greenland  and  Iceland,  where  it  appears  to  be 
common  enough  in  dogs,  seals,  and  walruses,  and  where,  doubtless,  its 
occurrence  is  dependent  on  the  ichthyophagous  habits  of  men  and 
beasts.  It  measures  about  80  to  115  cm.  in  length,  the  terminal  joints 
being  about  5 mm.  square.  The  head  (2  mm.)  is  described  as  being 
short,  broad,  and  cordiform,  with  lateral  wings  having  at  their 
borders  a*  longitudinally  placed  groove  or  sucker.  The  segments  attain 
their  maximum  breadth,  and  also  reach  sexual  maturity,  at  a very  short 
distance  (3  cm.)  behind  the  head.  From  the  shortness  of  the  neck  the 
anterioi’  end  of  the  worm  is  lancet-shaped.  The  genital  organs  ojien 
ventrally. 

iii.  Sparganum  mansoni^  (Cobbold)  1883. — (Synonyms  : Lignin 
rnansoui  Cobbold  1883,  Bothrioceplialus  liguloides  K.  Leuck.  1886, 
Dihothrium  mansoni  Ariola  1900.)  — This  is  the  larval  form  of  an 

’ Stiles  suggests  this  name  since  the  larva  is  not  in  the  narrowest  sense  a Ligula  or  a 
Ptoth  rioci'phalvs. 
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unknown  species  of  the  Dibothi'iocephalidfe.  In  making  a post-mortem 
examination  of  a Chinese,  in  Amoy,  a number  of  specimens  of  this  parasite 
were  found  under  the  peritoneum  in  the  neighbour- 
hood of  the  kidneys  and  iliac  fossae,  and  also  one 
aiDparently  free  specimen  in  the  pleural  cavity. 
They  were  more  or  less  coiled  up  and  irregularly 
disposed  in  the  sub-peritoneal  fascia,  and  looked 
like  ribbon-strings  of  pale  fat  underneath  the  serous 
membrane.  On  being  turned  out  they  were  found 
to  be  long,  white,  ribl)on-sha23ed  parasites,  with 
feeble  yet  distinct  movements.  No  differentiated 

Kir,.  13S.— E-g  of  Dipio-  head,  no  definite  structure,  and  no  evidence  of 
qmxa-poTXKS  iirandiii  (x  , i i 

Hbout400).  Lightyeilow  sexual  Organs  were  discovereci,  neither  was  there  any 

Looss.  attempt  at  segmentation.  When  fresh  the  parasites 

measured  about  30  to  35  cm.  in  length,  by  about 

3-12  mm.  in  breadth.  They  tapered  slightly  towards  one  end;  at 

the  broad  end  there  Avas  a sort  of  papilla  which  in  some  instances  was 


Fio.  139.— Various  forms  of  Herocercoides  prolifer  (x  4).  From  Ijima. 


retracted.  Scheube  extracted  a similar  parasite  from  the  urethra  of  a 
dapanese. 
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liCuckart  suggests  that  the  host  of  the  mature  form  of  this  parasite  is  a 
carnivorous  animal  closely  associated  with  man.  Sonsino  found  a similar, 
if  not  the  same,  parasite  in  an  Egyptian  jackal. 

iv.  Diplogonoporus  grandis  (K.  Blanch.)  1894. — The  head  of  this 
worm  is  unknown,  but  portions  of  body  10  m.  long  have  been  passed  in 
Japan.  The  proglottides  are  broad,  from  14  to  16  mm.  to  25  mm.,  with 
two  parallel  lines  of  black  spots.  The  eggs  are  oval,  0'063  by  0'048  to 
0 05,  with  opercula. 

V.  Plepocercoides  prolifer  Ijima  1905. — (Synonyms:  Bothriocepkalu>i 
sp.  Ijima  and  Kiirimoto  1894,  Krahbea  grandis  K.  Blanch.)  This  is  the 
name  given  by  Ijima  to  a plerocercoid  larva  he  has  recently  described 
from  the  subcutaneous  tissues  of  a Japanese  woman.  Like  the  Sparganum 
mansoni,  it  is  oidy  known  in  the  larval  state,  and  until  we  know  the 
parent  form  it  will  be  impossible  to  name  it  accurately.  Vast  numbers 
of  the  parasite  were  found  encapsuled  in  the  subcutaneous  and  neigh- 
bouring tissues.  Ijima  calculated  that  there  were  10,000  larvaa  in  the 
left  thigh  alone.  Others  were  found  free.  The  parasites  multiply  by 
transverse  fission  and  by  budding.  There  seem  to  be  no  hollow  slits 
or  side-suckers.  This  form  is  possibly  identical  with  S.  mansoni. 

Symptoms  produced  by  Tapeworms 

In  many  instances  of  tapeworm  infection  the  parasite  appears  to  give 
rise  to  no  inconvenience  whatever,  its  presence  being  entirely  overlooked, 
or  only  made  known  by  the  appearance  of  proglottides — singly  or  in  chains 
— in  the  stools.  Usually,  however,  there  is  complaint  of  colicky  pains  in 
the  abdomen,  perhaps  of  alternating  diarrhoea  and  constipation.  Nausea 
and  other  dyspeptic  sensations  are  often  complained  of,  particularly 
when  the  patient  is  fasting.  In  a certain  proportion  of  cases  the 
general  nutrition  suftens,  or  a state  of  anpemia  may  appear  and  be 
regarded  as  })ernicious. 

In  not  a few  cases  grave  nervous  disturbances — such  as  giddiness, 
epileptiform  seizures,  chorea,  hallucinations,  and  other  neuroses — have 
been  attributed  to  these  parasites,  and  apparently  with  justice ; at  all 
events,  it  is  stated  that  such  symptoms  disappeared  on  the  expulsion  of 
the  presumed  cause.  As  can  readily  be  understood,  the  hypochondriacal 
I temperament  is  apt  to  dwell  on  such  a subject,  to  exaggerate  actual 
' symptoms,  tb  imagine  others,  and  to  persist  in  the  belief  that  a worm  is 
I present  either  where  no  worm  had  ever  existed,  or  after  its  complete 
expulsion — a soi-t  of  tseniaphobia. 

The  blood  in  these  cases  usually  shews  Imt  little  change  from  the 
normal.  In  a few  cases  of  Tcenia  infection,  however,  the  eosinophil 
I leucocytes  are  markedly  increased  in  numbers — Leichtenstern  records  a 
1 count  of  34  per  cent,  Limasset  one  of  26  j)er  cent,  whilst  several  other 
I authors  have  noted  over  10  per  cent  eosinophils  in  some  of  their  cases. 

I Limasset,  who  carefully  studied  the  blood  changes  in  sixteen  cases  of 
tapeworm  infection,  found  that  five  of  these  at  some  pei'iod  shewed  more 
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thiiii  5 per  cent  eodinophils,  and  two  at  some  period  more  than  10  2>er 
cent.  Ciidicercus  cysts  may  also  set  \ip  in  the  blood  a typical  eosinophilia 
of  over  1 0 ])er  cent.  Dibaihriocephalus  latus  rarely  affects  the  blood  leuco- 
cytes ; in  some  cases,  however,  it  seems  to  have  been  the  cause  of  a 
relative  increase  in  the  eosino])hil  cells.  The  jjrofound  ansemia  to  which 
it  occasionally  gives  rise  closely  simulates  “ primary  i)ernicious  anaemia,” 
characterised  by  the  presence  in  the  blood  of  nucleated  red  blood- 
corpuscles,  the  majority  of  which  conform  to  the  megaloblastic  type,  by 
the  j)resence  of  i:)oikilocytes  and  of  cells  shewing  jjolychromatoiihilia.^ 

It  is  said  that  IHbothriore2)halus  latus — on  account,  probably,  of  its 
greater  size — is  apt  to  be  accomjDanied  l)y  more  mai'ked  symptoms  (more 
especially  profound  amemia — “ bothriocephalus  anaemia  ”) — than  either 
T.  saginata  or  1\  solium.  Hymenolepis  luina  and  iJavainea  madagascariensis 
— jiarticularly  the  latter — are  credited  with  causing  nervous  symptoms  of 
unusual  severity ; pi'obably  because  they  occur  jjrincijxdly  in  children. 

For  the  diagnosis  of  species  from  the  proglottides  passed  by  the 
patient  the  reader  is  referred  to  the  descriptions  already  given  of  the 
various  tapeworms. 

Treatment. — The  number  of  drugs  which  have  been  employed  as 
taeniafuges  is  very  great.  Most  of  these  are  now  discarded.  The  male 
fern,  pomegranate  root  bark  and  its  alkaloid  pelletierine,  kousso  or  cusso, 
pumpkin  seeds,  and  turpentine  are,  in  about  the  order  stated,  those  most 
generally  employed  at  the  |)resent  day.  The  exact  value  of  thymol  and 
eucalyptus  oil  as  tneniafuges  has  yet  to  be  determined ; but  as  these 
drugs  frequently  procure  the  expulsion  of  tajieworms,  ascarides,  and 
distomes  when  given  in  cases  of  ankylostomiasis,  they  ju’omise  to  be 
valuable  additions  to  the  pharmacopoeia  as  efficient,  all-round  anthelmintics. 

Before  administering  any  of  these  drugs  it  is  always  desirable 
to  secure  an  empty  condition  of  the  bowel — preferably  l)y  salines,  which 
clear  away  any  mucus  which  may  jDrotect  the  worm — and  it  is  always 
well  to  follow  up  their  administration  b}^  a smart  cathartic.  The  anthel- 
mintic does  not  as  a rule  kill  the  parasite,  but  only  ])aralyses  it,  from 
which  state  of  paralysis,  if  not  quickly  swep>t  out  of  the  intestine,  it  would 
probably  recover  in  a short  time  and  renew  its  hold,  temporarily  relaxed, 
on  the  mucous  membrane.  As  most  of  these  drugs  exercise  to  a certain 
extent  a toxic  effect  on  the  host,  as  well  as  on  the  parasite,  it  is  always  well 
for  the  patient  to  lie  down  for  an  hour  or  two,  or  until  these  toxic  effects 
have  passed  away.  Good  rules  are  : — a cupful  of  milk  instead  of  the 
usual  full  evening  meal ; early  next  morning  the  taeniafuge  on  an  empty 
stomach  ; shortly  afterwards  a bi'isk  cathartic,  the  recumbent  position 
being  maintained  until  the  latter  has  acted ; in  the  event  of  part  of  a 
tapeworm  protruding  at  the  anus  it  must  not  be  pulled,  lest  it  snaj) 
across,  and  the  head,  remaining  behind,  recover  its  hold.  Ogilvie 
{Lancet,  August  4,  1894)  recommends  a more  prolonged  preliminary 

‘ Tlie  authors  are  indehted  to  Mr.  E.  G.  Fearnside.s  of  Trinity  Hall,  Cambridge,  for 
this  and  for  the  other  jiaragraidis  on  eosinophilia  which  will  be  found  in  the  account  of  the 
more  important  parasites. 
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treatment,  inchuling  dieting ; and,  with  the  view  of  removing  any  mucus 
which  might  protect  tlie  parasite  from  the  action  of  the  drug,  Carlsbad 
salts  or  other  saline  aperient  for  several  mornings  before  active  treatment 
is  becun. 

Filix  mas,  when  fresh  and  well  prepared,  is  perhaps  the  most  relial)le 
tamiafiige  we  possess.  The  Extradum  Jilicis  liquidum  is  best  given  in 
emulsion  or  in  milk  or  in  capsule,  in  three  or  four  doses,  of  half  a 
drachm  each,  at  intervals  of  half  an  hour.  As  the  cathartic,  calomel 
(five  grains)  with  scammony  (eight  grains)  is  efficient ; or  a full  dose 
of  castor  oil  may  be  given  with  the  last  dose  of  the  extract. 

Pomegranate  root  is  a good  anthelmintic.  It  may  be  used  either  as 
the  official  decoction,  or  as  a decoction  prepared  by  macerating  two 
ounces  of  the  bruised  bark  in  twenty-four  ounces  of  water  for  twenty- 
four  hours,  and  then  boiling  down  to  eighteen  ounces  and  straining. 
Of  the  last- mentioned  preparation  a third  part  shoidd  be  given  at 
intervals  of  half  an  hour,  the  last  dose  being  followed  by  a purgative. 

A better  preparation  of  pomegranate,  and  one  which  is  coming  much 
into  use  on  the  Continent,  is  the  sulphate  of  pelletierine,  prepared  from 
the  active  principle  of  the  bark.  It  is  usually  given  in  one  dose  of 
five  to  seven  grains,  with  an  equal  c|uantity  of  tannic  acid,  in  sweetened 
water.  This  is  the  dose  for  adults.  For  young  people  the  dose  must 
be  considerably  smaller ; it  ought  not  to  be  given  at  all  to  children 
under  eight  or  ten.  The  tannin — contrary  to  the  general  imimession — 
does  not  add  to  the  anthelmintic  powers  of  the  alkaloid ; it  is  given  as 
a stomachic,  and  tends  to  diminish  nausea  and  the  risk  of  vomiting. 
After  from  a quarter  to  half  an  hour  the  cathartic  should  be  administered. 
In  from  fifty  to  eighty  per  cent  of  cases  the  entire  tapeworm  is 
expelled.  In  toxic  doses  the  action  of  pelletierine  resembles  that  of 
curara,  paralysing  the  motor  nerve  terminals,  but  not  affecting  muscular 
irritability.  If  tlie  dose  be  too  large  it  may  give  rise  to  vertigo,  nausea, 
vomiting,  diplopia  and  other  visual  troubles,  pallor,  cramps,  and  so  forth. 
With  the  doses  mentioned,  and  if  the  recumbent  position  be  maintained 
for  some  hours,  such  effects  need  not  be  apprehended. 

Kousso,  in  doses  of  four  to  eight  ounces  of  the  official  infusion,  is 
very  effective  when  the  drug  can  be  obtained  quite  sound  and  fresh. 

Oil  of  turpentine,  in  doses  of  from  two  to  four  drachms  in  emulsion, 
is  sometimes  prescribed ; but  it  is  more  nauseating  and  otherwise  more 
objectionable  than  the  drugs  already  mentioned. 

For  young  children  a safe  taeniafuge  is  bruised  pumpkin  seeds  : an 
ounce  of  the  l)ruised  seeds  made  into  an  electuary  is  not  a disagreeable 
mixture  and  is  readily  swallowed. 

.After  the  action  of  an  anthelmintic  the  head  of  the  tapcAvorm  should 
be  diligejitly  sought  in  the  stools ; for,  unless  this  is  found,  there  can  bo 
no  assurance  that  the  cure  will  prove  permanent. 
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Class  II. — Trematoda 

The  trematodes  are  usually  flat,  leaf -shaped,  unsegmented  platy- 
helminthes,  possessing  a mouth  and  a pharynx.  The  latter  bifurcates 
into  two  simple  or  branched  intestinal  tubes  which  terminate  c;ccally. 
They  are  provided  with  venti-ally  placed  suckers,  and  are  generally 
hermaphrodite.  In  a few  species  the  sexes  are  separate. 

Excretion  is  ettected  by  a series  of  ramifying  vessels  which  unite  to 
form  trunks  terminating  in  a contractile  vesicle,  and  finally  opening  at 
the  posterior  pole.  The  male  organs  of  generation  consist  of  testes  (two), 
and  vas  deferens — the  protrusible  end  of  which  forms  the  cirrus  or 
penis.  The  female  organs  of  generation  comprise  an  ovary,  yolk-glands 
(two),  shell-gland,  convoluted  uterus,  and  vagina.  The  sexual  openings 
are  placed  close  together  on  the  ventral  surface. 

The  order  is  divided  into  several  families. 

So  far  as  knoAvn,  the  trematodes  occurring  in  man  are  oviparous. 
The  ovum  at  birth  in  some  species  contains  a ciliated  embryo ; in  other 
species  this  embryo  is  not  developed  until  later.  In  either  case,  after 
leaving  the  uterus  of  the  parent  the  ovum  is  carried  in  the  discharges  of 
the  host  into  water  or  into  damp  soil.  Here,  after  a varialjle  time,  the 
ciliated  embryo — the  miracidium — is  hatched  out,  and  for  a short  period 
swims  about  in  search  of  its  special  intermediate  host.  Should  it  succeed 
in  finding  this — usually  a mollusc  or  crustacean — the  embryo,  selecting 
some  weak  point  unprotected  by  shell  or  dense  integumeiit,  drills  its 
way,  by  means  of  the  little  beak  with  which  it  is  provided,  into  the 
body  of  this  animal,  and  therein,  losing  its  ciliated  covering,  enlarges  and 
becomes  transformed  into  a sparocyst  (a  sort  of  hollow  sac  having  no 
alimentary  canal),  or  into  a rrdia  or  larva  provided  Avith  an  alimentary 
canal.  In  the  interior  of  the  sporocyst  or  of  the  redia,  and  originating 
from  certain  germ  cells,  tailed  cercarioi  are  developed ; or,  it  may  be, 
another  generation  of  sporocysts  or  redise  is  produced.  The  minute 
cercari®,  originating  in  the  sporocysts  and  redife,  resemble  distomes  in 
the  possession  of  suckers  and  alimentary  canal,  but  differ  from  the 
matui'e  worm,  inasmuch  as  tliey  are  destitute  of  organs  of  generation ; 
and,  further,  in  that  they  ai-e  usually  provided  Avith  actively  moving  and 
poAverful  tails.  AVhen  sufficiently  mature  the  cercarioe  spontaneously 
(|uit  the  sporocyst  or  redia.  Leaving  noAv  the  body  of  the  intermediary 
host,  they  sAAum  about  in  the  Avater,  or  creep  aliout  in  damp  places,  and 
may  become  encysted  on  blades  of  grass,  leaves,  or  in  tbe  mud,  or  they 
may  come  across  a second  intermediate  host — mollusc,  Avorm,  insect, 
larA^a,  or  fish — into  the  tissues  of  Avhich  they  enter,  and'  in  Avhich,  having 
dropped  their  tails,  they  become  encysted.  IIoAvever  this  may  be,  either 
in  the  body  of  intermediate  host,  or  encysted  on  some  A^egetable,  or  in 
Avater,  the  cercaria  finally  enters  the  body  of  the  definitive  host.  It  then 
finds  its  A\^ay  to  its  jwoper  habitat  the  intestine,  bile-ducts,  lungs,  blood- 
vessels, or  other  tissue,  and  rapidly  develops  into  the  sexually  mature 
distome. 
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The  nature  and  classification  of  the  minute  parasite  (0‘21  nun.)  found 
hy  von  Nordinann  in  the  cataract  of  an  old  woman,  and  named  ]\hmu- 
stoma  Icntis  von  Nordm.  1832,  is  donhtfnl.^  The 
Disfomuni  oculi  Immani  Amnon  1833  (Synonym:  1>. 
ophihalmohium  Diesing  1850)  also  requires  rein- 
vestigation.  Amnon  found  four  examples,  0‘5  to 
1 mm.  in  length,  between  the  lens  and  the  capsule 
of  the  eye  of  a five-year-old  child.  Lenckart 
regarded  these  as  specimens  of  Dicroca’li'um. 
lanceaUnn  ; others  have  suggested  they  are  young 
leeches  (Fig.  1-10). 

The  large  and  unwieldy  family  Distomidse  has  been  and  is  being 
broken  up  into  a number  of  new  families  of  which  three  include 
trematodes  parasitic  in  man. 


Fig.  140. — Distomum  oculi 
liumaiii.  Leuckiirt. 


Family  I.  Faseiolidte 

The  Fascioliclie  possess  an  oral  and  ventral  sucker;  the  excretory 
system  opens  on  the  posterior  edge ; the  reproductive  pore  is  median, 
in  front  of  the  ventral  sucker ; the  primaiy  diverticula  of  the  alimentary 
canal  are  mostly  without  secondary  branches ; hermaphrodite. 

i.  Faseiola  hepatiea  (Linn.)  1758. — (Synonyms:  Distomum  hepaticum 
Eetz.  1786,  F.  humam  C4mel.  1789,  Distomum  cavice  Sous.  1890,  Cladoccelium 
hepaticum  Stoss.  1892)  (Fig.  141). — The  normal  habitat  of  the  liver-fluke 
is  the  bile-ducts  of  the  sheep.  Occasionally  it  is  found  in  a similar 
situation  in  man,  more  often  in  certain  ruminants  and  rodents.  Besides 
having  been  found  in  man  in  this  its  normal  habitat, 
it  has  three  times  been  found  in  various  veins  (the 
llexathyridiinn  venarum  of  Treutler  was  probably  a mis- 
placed F.  hepatiea),  and  four  times  it  is  recorded  as 
having  been  removed  from  subcutaneous  tumours  in 
which  it  had  developed,  having  been  carried  there  prob- 
ably, whilst  immature,  in  the  blood.  It  is  sometimes 
found  in  the  lungs  of  the  ox. 

The  mature  parasite  is  a long,  flat,  brownish, 
leathery,  leaf- shaped  animal  possessing  considerable 
activity,  and  measuring  from  20  to  30  mm.  in  length  by 
8 to  13  mm.  in  breadth.  The  oral  sucker,  which  is 
the  smaller,  is  placed  at  the  top  of  a sort  of  pro- 
tuberance— representing,  so  to  speak,  the  stalk  of  the 
leaf ; it  contains  the  buccal  orifice.  A very  short  distance  behind  this 
is  the  ventral  sucker,  in  front  of  which  again  lies  the  opening  of  the 
genital  organs  (Fig.  143).  The  cuticle  is  covered  with  fine  spines 
directed  backwards. 

Lying  in  the  bile-ducts  the  liver-fluke  pours  its  large,  brown,  oper- 
' Braun  suggests  that  it  is  not  impossible  that  this  form  was  a young,  minute  leech. 


Fjg.  141.—  Fasciola 
hepatiea  (iiat.  size). 
Lenckart. 
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Ciliated  eggs  (0-13  by  0'08  mm.) — very  like,  but  about  twice  the  size  of 
those  of  JHhothnocejtJinlus  Intns — into  the  bile.  Passing  out  with  the  dung, 
in  favourable  circumstances  they  are  carried  into  water  where,  after  a 
variable  period  of  from  two  to  three  weeks  to  as  many  months  according 
to  temperature,  the  ciliated  miracidium  is  developed.  When  suthciently 
mature  the  embryo  forces  open  the  operculum,  and  escapes  into  the 
water.  It  then  enters  a small  mollusc — Limiuea  truncatula,  or  other  and 
closely  allied  species  of  gastropod — in  the  pulmonary  cavity  of  which  it 


Fio.  142.  — Eks  of  Fasciola  hcpatiea 
( X about  400).  Light  yellow  brown 
ill  colour.  From  Loo.ss. 


Fio.  143. — Fasciola  hcpatiea,  .shewing 
ovarian,  uterine,  and  testicular 
structures  (x  2i).  Lruckart. 


passes  through  the  sporocyst,  redia,  and  cercaria  stages  of  development. 
Finally,  escaping  from  the  intermediate  host,  it  may  encyst  itself  on 
some  aquatic  plant ; and  while  in  this  stage,  or  while  still  in  the  inter- 
mediate host,  or  swimming,  or  creeping  about  as  a free  cercaria,  it  is 
transferred  to  the  stomach  of  sheep  or  ox,  and  so  to  the  biliary 
passages.  Doubtless  man  becomes  infected  from  drinking-water  fouled 
by  “ flukey  ” sheep  or  cattle,  or  from  eating  aquatic  plants  on  which 
cercarife  had  encysted  themselves.  The  duration  of  the  stay  of  the  fluke 
in  the  bile-ducts  is  not  accurately  known.  Some  suggest  nine  months, 
others  a year  or  longer.  That  thej’-  do  leave  the  ducts  spontaneously  is 
certain,  for  they  are  sometimes  passed  per  anum  and  even  vomited. 
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In  the  sheep  F.  hepatica  gives  rise  to  the  important  epizootic  known 
as  “sheep  rot,”  a disease  characterised  by  anannia,  emaciation,  ascites 
and  a'dema,  and  enlargement  of  the  liver.  It  is  very  fatal,  and  is 


in  certain  low-lying  localities  in 
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specially  common  in  flocks  pastnrin 
which  Limmra  Imncatula  and  other 
minute  gastropods  abound.  In  some 
of  the  cases  in  which  it  occurred  in 
man,  it  appears  to  have  given  rise  to 
no  particular  symptoms ; in  other 
instances  it  has  caused  dilatation, 
thickening,  and  obliteration  of  the 
biliary  passages,  enlargement  of  the 
liver,  and  thickening  of  Glisson’s 
capsule,  or  even  abscess  of  the  liver. 

These  pathological  conditions  were 
associated  with  a variety  of  symptoms, 
such  as  vomiting,  diarrhrea,  constipa- 
tion, hepatic  pains,  ascites,  jaundice, 
enlargement  of  the  liver,  fever,  and 
so  forth.  In  obscure  hepatic  affec- 
tions, therefore,  the  vomiting  or  the 
passage  of  flukes'  per  anum,  or  the 
discovery  of  their  characteristic  ova 
in  the  stools,  would  indicate  a prob- 
able explatuition  of  the  symptoms. 

ii.  Fasciolopsis  buski  (Lank.)  1857. 

— (Synonyms : IHsfomum  huski  Lank. 

1857,  D.  crasmm  Busk  1859,  nec  v. 

Sieb.  1836)  (Fig.  144). — This,  the 
largest  of  the  distomes  occurring  in 
man,  has  been  found  in  the  alimentary 
canal  of  a considerable  number  of 
Europeans  living  in  the  East,  in  East 
Indians,  particularly  in  Chinese  in 
Canton,  Borneo,  and  the  Straits  of 
Malacca,  and  in  natives  of  Assam  and 
India.  Recent  investigations  seem  to 
shew  that  both  it  and  certain  other 
and  as  yet  unidentified  distomes  are  by  no  means  the  rare  parasites  they 
were  formerly  supposed  to  be.  Dobson,  in  the  stools  of  1919  unselected 
Indian  coolies  to  whom  he  had  administei'ed  a large  dose  of  thymol, 
found  large  {Fasciolopsis  buski)  and  small  {Gastrodiscus  homivis,  Opisthorchis 
noverca,  and  0.  sinensis  (?) ) distomes  thirteen  times,  or  in  rather  ovei- 
1 per  cent  of  the  cases.  In  the  three  instances  recorded  by  Cobbold — 
father,  mother,  and  child — the  parasite,  which  evidently  had  been 
acquired  near  Ningpo,  China,  appeared  to  give  rise  to  a certain  amount 
of  intestinal  irritation  and  to  dyspeptic  symptoms  accompanied  by 


Fig.  144. — Fasciolopsis  buslxi(magn\fieA).  From 
Odliner.  C.B,  cimi.s  recess;  7/]  and  li^, 
testes;  Ks(,  ovary;  i.c,  l.nnrer's  canal; 
il/.S.jV,  oral  sucker;  Ph,  ])liarynx ; J'ph. 
Sph,  periiiliaryn^eal  spliincter ; Sch.dr, 
shell-gland  , Ut,  uterus. 
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irregular  diarrhoea  of  pale  stools,  occasionally  streaked  with  blood.  In 
the  other  recorded  instances  there  is  no  mention  of  any  paiticidai 
clinical  symptom  attril)iitable  to  the  parasite. 

Fasciolopsis  bus/ci  is  easily  recognised  by  its  great  size — 24  to  3i  and 
even  70  mm.  in  length  by  5'5  to  12  or  even  14  mm.  in  breadth.  It  is 
thick,  bi-own,  smooth  and  without  spines,  and  oblong  in  shape,  the 
posterior  part  being  somewhat  the  wider.  The  ventral  sucker,  which  is 
the  larger  (1'6  mm.),  can  be  readily  seen  by  the  naked  eye^close  behind 
the  oral  sucker.  The  eggs  are  oval  (0T25  mm.  by  0'077  mm.),  have 
granular  contents,  and  are  operculated.  The  line  marking  the  operculum 
is  very  delicate,  and  is,  therefore,  apt  to  be  overlooked  (tigs.  145,  146). 

iii.  Fasciolopsis  rathouisi  Toirier  1887.  — Lengthy  25  mm.  by 
IG  mm.,  no  spines,  the  suckers  approach  one  another.  Tlie  testes  and 


ovary  lie  posteriorly.  The  eggs  measure  0T5  by  0‘08  mm.  This  has 
been  observed  in  a Chinese  suffering  from  liver  disorder  and  possibly 
again  iji  a Chine.se  and  a Malay  in  North  Borneo. 

The  life-history  of  this  TreTuatode  is  quite  uid<nown. 

iv.  DieroccBlium  laneeatum  Stil.  and  Hass.  1896. — (Synonyms; 
Fasciola  laiiceolata  Rud.  1803  {nec  Schrank  1790),  Distomam  lancro- 
latum  Mehlis  1825,  Dicrocodium  lanceolatum  Dujardin  1845.)  — This 
distome,  which  in  ruminants  is  frequently  associated  with  F.  hpaticay  is 
recorded  as  having  been  found  in  man  seven  times.  It  is  somewhat 
lancet  - shaped  and  broader  posteriorlj?^  than  anteriorly.  It  measures 
from  8 to  10  mm.  by  1‘5  to  2‘5  mm.,  is  thin,  supple,  and  devoid  of 
cuticular  spines.  The  dai'k  ova  (0’04  by  0'03  mm.)  are  provided  with  a 
double-outlined,  operculated  shell,  and  contain,  even  at  birth,  a fully 
developed  miracidium,  the  cilia  of  which,  however,  cover  the  anterior 
third  of  the  body  only.  The  intermediate  host  is  believed  to  be  the 


Fio.  140. — Ers  of  Fascinlopfds 
/iHsfci  (X  about  400).  I.iRlit 
brown  in  colour.  Fmni 
Loos.s. 


Fio.  145. — Fasciolopsis  huslH 
(nat.  size).  I.cmckart. 


Fig.  147. — Fasciolnpsisralhtniisi. 
From  Hraun. 
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luollusc  I'lanorhis  viargiualis.  It  has  also  been  found  in  the  alimentary 
canal  of  the  slugs  .Irion  and  Limax.  'I'lie  adult  lives  in  ruminants, 
rabbits,  and  swine. 

I'rom  its  small  size  this  distome  is  not  likely  to  damage  the  bile- 
passages  sei'iousl}’,  and  in  none  of  the  cases  in  which  it  has  been  found — 


Fig.  148. — rncrocoeUim.  ianceatnm  (x  15). 
From  nriiuii.  Ch,  cirni.s  recess ; I, 
iiite.stiim  ; Ms,  month  ; u,  ovary  : T, 
testis;  Ut,  uteni.s:  F.s,  ventral  sucker; 
r..«c,  yolk-xlamls. 


Flo.  14S. — Hf'f'  of  IHc- 
rocaliitm  Uinceatum 
( X about  400).  Deep 
brown  in  colour. 
From  Looss. 


Fio.  150. — Opistlinrclris  nuverm 
(X  0).  After  McCouneli. 


with  perhaps  orie  exce[)tion — could  it  be  regarded  as  the  cause  of  grave 
hepatic  trouble. 

V.  Opisthopchis  noverea  Braun  1903. — (Synonym  : Distoiiia  con- 
junctum  Lew.  and  Cunn.  1872)  (Fig.  150). — This  parasite  has  twice  been 
found  in  man  by  McConnell  in  Calcutta.  Both  patients  were  East 
Indians  who  had  died  from  dysentery.  The  distomes  were  prc.scnt  in 
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large  nutiibeis — upwards  of  100  in  both  cases,  and  lay  in  the  dilated 
bile-ducts,  from  which  they  escaped  on  section  of  the  liver. 

Opisthorchis  noverai,  in  size  and  outline  something  like  a flattened 
oat-seed,  measures  on  an  average  9'5  to  12‘7  mm.  by  2’5  mm.  It  is 
distinguishable  from  D.  lunceatum  and  0.  ainensis  by  the  minute  spines 
with  which  it  Is  covered,  as  well  as  by  the  arrangement  of  its  viscera. 
The  ova  liave  a double  outline,  are  operculated,  and  measure  0'034  by 

0'021  mm.  Nothing  is  known  of  its  life-history; 
apparently  it  is  not  uncommon  in  the  liver  of 
pariah  dogs  in  India.^ 

vi.  Opisthorchis  sinensis  (Cobb.)  1875. — 

(Synonyms:  Distoma  sinense  Cobb.  1875,  D. 

spathulatum  R.  Leuck.  1876  (nee  Rudolphi  1819), 
D.  hepatis  endemicum  s.  perniciosum  Baelz  1883, 
D.  hepatis  mnoenum,  Baelz  1883,  D.  japonicum  R. 
Blanch.  1886)  (Fig.  151). — Recent  investigations 
seem  to  indicate  that  this  distome  has  an  extended 
geographical  distribution,  that  in  some  places  it  is 
widely  endemic,  and  that  in  such  places  it  is  of 
considei’able  pathological  importance.  Discovered 
by  McConnell  in  a Chinaman  in  Calcutta  in  1874, 
it  has  since  been  frequently  found  in  the  same 
race  in  Mauritius  and  in  the  Straits  of  Malacca. 
It  has  also  been  found  in  natives  in  Assam  and  in 
Corea.  In  Japan,  according  to  Baelz,  it  is  common 
in  places.  He  describes,  under  the  names  D.  he])aticum\ 
perniciosum  and  D.  hepaticum  innocuum,  what  seems 
to  be  this  parasite,  or  varieties  of  it,  as  occurring  in 
great  abundance  in  20  per  cent  of  the  population 
of  certain  damp,  insalubrious  seaside  villages  of 
the  province  of  Okayama  which  have  an  unwhole- 
some water-supply. 

In  these  villages,  and  probably  elsewhere  in 
places  in  which  it  is  endemic  to  a severe  degree, 
it  gives  rise  to  a train  of  symptoms  characterised 
at  first  by  morbid  hunger,  epigastric  weight  and 
pain,  enlargement  and  tenderness  of  the  liver,  and  swelling  of  the  spleen. 
After  a few  years  diarrhma,  ascites,  oedema  of  the  legs,  and  a cachectic 
condition  supervene  and,  in  the  long  run,  le:id  to  death.  At  post-mortems 
the  liver  is  found  enlarged,  and  a number  of  diverticula,  about  the  size 
of  a filbert  or  small  nut,  containing  hundreds  of  distomes,  are  discovered 
in  association  and  communicating  with  the  gall-bladder'  and  bile-ducts. 
Distomes  are  also  found  free  in  the  bile-ducts  and  sometimes  in  the 
duodenum.  Around  the  diseased  bile-ducts  the  hepatic  tissue  is  atrophied. 

0.  sinensis  measures  on  an  average  18  mm.  in  length  by  4 mm.  in 

' CobboM  lia.s  described  .an  allied  but  specifically  distinct  form  in  bile-ducts  of  Canis 
fulvus. 


Fio.  151. — Opisthorchis  sin- 
ensis (x  5).  Lc'uckart. 
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breadth.  Though  somewhat  lai'ger,  in  general  appearance  it  resemliles 
very  closely  0.  noverca.  Unlike  this  form  it  has  no  epidermic  sj)ines. 
In  the  preserved  state  the  measurements  are  10  to  14 
mm.  by  2'4  to  3’9  mm.  In  0.  dnensis  the  oral  sucker 
(I'O)  is  larger  than  the  ventral  (0')S).  Other  points  of 
difference  will  be  I’cadil}'  appreciated  by  comparing  the 
figures  of  these  liver  Trematodes.  The  ova  of  0. 
sinensis  are  oval,  granular  Avith  a double  outline,  and 
are  operculated ; they  measure  0'027  mm.  by  O'OIG 
mm. 

Further  than  that  it  is  occasionally  found  in  the 
domestic  dog  and  in  the  cat  nothing  is  known  of  the  life-history  of  this 
parasite. 


Fig.  15i.  — Epg  of 
Opistliurchin  siiiensU 
(X  about  400). 
Light  brown  in 
colour.  F r o m 
l.ooss. 


vii.  Opisthorehis  felineus  KiAL  1885. — (Synonjmis : Distoma  conus 
Gurlt  1831  {nee  Creplin  1825),  D.  lanceolatunix.  Sieb.  1836  al  Tright  1889 

{iiec  Mehlis  1825),  D.  sihericum  Winogr.  1892,  D. 
temiicolle'hl\\\\\.  1 896.) — This  trematode  has  a yelloAvish- 
red,  transparent,  flattened  body,  Avith  a rather  conical 
anterior  end.  Iicngth  8 to  1 1 mm.,  breadth  1 ’5  to 
2 mm.  Eggs  Avith  opercula,  0‘03  by  O'Oll  mm. 
Fio.  153.  — Egg  of  Opis-  This  is  a common  parasite  in  the  gall-bladder  and 
about*^  4oo)!”^"^'Ligia  bile-cluct  of  cats  and  more  rarely  of  dogs,  but  it 
yellow  brown  in  colour,  occurs  in  man  throughout  northern  Europe,  and 

Kroiii  I.i0oss. 

is  perhaps  the  commonest  human  parasite  in  Siberia. 
Its  life-history  is  unknoAvn. 

viii.  Cotylogonimus  heterophyes  (v.  Sieb.)  1852.  — (Synonyms: 
Distomum  heterophyes  v.  Sieb.  1852,  Mesogonimus  heterophyes  Raill. 
1890,  Ccenogonimus  hetei-ophyeshooss  1900)  (Fig.  154). 

— This  exceedingly  minute  Trematode  Avas  first 
found  by  Bilharz  in  1851  about  the  middle  of  the 
small  intestine  of  Egyptians  in  Cairo ; Looss  and 
Blanchard  have  also  described  cases.  It  occurs  in 
masses,  and  the  distomes  look  to  the  naked  eye  Jike 
minute  red  points.  The  parasitic  nature  of  these  red 
points  is  apparent  on  their  being  placed  under  the 
microscope.  The  individual  distomes  measure  about 
1T5  to  2 mm.  in  length  by  0'7  to  1 mm.  in 
breadth.  They  are  readily  diagnosed  by  the  small- 
ness of  their  size  and  by  the  character  and  position 
of  the  A'entral  sucker,  which,  proportionately  speaking, 
is  unusually  large  (0'35  mm.),  and  is  located  slightly 
in  adA'ance  of  the  middle  of  the  body  and  in  front 
of  the  sexual  opening.  The  OA^a  (0'03  by  0'017  mm.) 
haAm  a thick,  reddish -broAvn  shell,  the  colour  of  fio.  154.  — Cofi/?of/o«iTOws 

, . , . • . 1 , , 1 , • • 1 }ie,terophyes.  I.i'ucknrt. 

Avhich  IS  commiAuicatefl  to  the  entire  animal. 

Nothing,  except  tliat  it  is  common  in  dogs,  is  knoAvn  of  the  life-history 
of  this  parasite,  nor  of  any  associated  pathological  condition. 
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ix.  Paragonimus  westermani  (Kerb.)  1878. — (Synonyms:  Distoma 
a:este nnani  Kerb.  1878,  D.  ringeri  Cobb.  1880,  1).  pulmonale  Baolz 

1883,  D.  pulmonis  Snga  1883,  Meso- 


l-'Ki.  155.— Egg  of 
Ootyloqo  n linus 
heteroykyi-x  ( X 
about  400).  nark 
retWisli-browu  in 
colour.  rrom 
l.ooss. 


Fici.  150. — Egg  of  1‘itra- 
tjonimus  westermani 
( X about  400).  liight 
yellow  to  reildisli- 
brown  in  colour. 
From  Ijooss. 


qonimus  westermani  Kaill.  1890)  (rigs. 
157  and  158).  — This  clistome  i.s 
parasitic  in  the  lungs  of  man  in 
Japan,  China,  Corea,  and  Formosa, 
where,  in  particular  districts,  a large 
proportion  of  the  inhabitants  arc 
affected  with  the  peculiar  form  of 
haniioptysis  to  which  it  gives  rise. 
Hitherto  it  has  not  been  described 
as  occurring  in  man  in  any  other 
region  ; although,  seeing  that  it  lias 
been  found  in  the  tiger,  the  cat,  the 


dog, 


and  ill  swine,  it  is  more  than 


is  not  limited  to 
in  both  the  cat 


probable  that  its  geographical  range 
the  countries  mentioned.  Recently  it  has  been  found 
and  the  dog  in  the  United  States.  There  are  some 


Fig  . 157. — 1 'a  j-aqo  nim  us 
westermani  (uat.  size). 
Lcuckart. 


I'lo.  15S. — I’araqonimus  u-estermani  luagnilied.  Leuckart. 


grounds  for  the  opinion  that  it  is  a parasite  of  countries  with  a 
volcanic  soil. 
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/*.  we,-<f(‘rmitni  is  from  8 to  10  mni.  in  length,  by  4 to  G mm.  in 
broudth.  It  is  oblong  in  shupe  ; very  thick  for  a distome,  being  nearly 
circular  on  transverse  section  ; leathery  in  consistency,  and  brownish-red  in 
colonr.  The  ventral  sucker,  close  behind  which  is  the  genital  opening,  is 
})laced  about  the  middle  of  the  junction  of  the  anterior  with  the  middle 
third  of  the  body.  The  eggs  (0‘08  to  OT  mm.  by  0’052  to  0'075  mm.) 
are  oval,  operculated,  brownish- red,  double  outlined,  and  filled  with 
granular  contents,  the  embryo  being  not  yet  differentiated. 

The  mature  distomes  live  in  tunnels  or  burrows,  with  thick  connective- 
tissue  walls,  situated  principally  under  the  pleura  and  near  the  surface  of 
the  lung.  These  burrows,  from  the  breaking  down  of  the  septa  between 
the  tunnels,  are  sometimes  con\'erted  into  cyst-like  cavities,  which  may  be 
the  size  of  a filbert.  These  cavities  communicate  with  the  bronchi  by  finer 
or  larger  sieve-like  openings  through  Avhich  an  ova-laden,  rusty-coloured, 
viscid  mnco-pus  escapes  into  the  air-passages.  This  secretion  excites 
cough  and  is  expectorated.  Several  distomes  may  inhabit  the  same 
burrow ; as  many  as  twenty  have  been  found  in  one  lung.  P.  wesfermani 
has  also  been  found  in  the  cortex  of  the  brain  in  two  cases  of  a peculiar 
and  fatal  form  of  Jacksonian  epilepsy ; it  has  also  been  found  beneath 
the  peritoneum,  in  the  orbit,  and  in  the  scrotum.  It  is  evident  that  this 
parasite  is  very  apt  to  lodge  in  different  parts  of  the  body  and  away  from 
its  normal  habitat,  the  lungs. 

The  symptoms  of  paragonimiasis,  or  endemic  htemoptysis  as  it  is 
sometimes  designated,  are  a chronic  cough  — usually  worst  in  the 
morning,  a persistent  pneumonic-like  sputum  in  which  ova  abound, 
and  recurring  attacks  of  more  or  less  profuse  haemoptysis,  the  exact  and 
immediate  mechanism  of  which  has  not  yet  been  explained.  Little  can 
be  discovered  by  auscultation  in  the  earlier  stages ; but  in  chronic  cases 
of  extreme  degrees  of  infection  signs  of  consolidation  and  perhaps  of 
cavity  may  be  made  out.  The  disease  lasts  for  many  years  and  may 
prove  fatal.  It  appears  to  be  incurable,  although  cases  have  been  met 
with  in  which  the  patient  had,  after  many  years,  ceased  to  cough  and 
expectorate  the  characteristic  sputum. 

In  the  natives  of  countries  in  which  P.  vesterinani  is  endemic  the  con- 
currence of  ])uhnonary  paragonimiasis  with  cerebral  symptoms  ought 
to  suggest  the  probability  that  the  latter  ai-e  dependent  on  the  presence 
of  trematodes  in  the  brain.  In  such  a case,  if  the  symptoms  be  of  a 
focal  character  and  attributable  to  a cortical  lesion,  the  propriety  of 
removal  of  the  parasite  by  surgical  means  might  be  entertained. 

When  the  ova  contained  in  the  sputum  are  well  washed  and  kept 
in  a moderately  warm  room  in  fresh  water,  after  a variable  time  of 
two  to  six  weeks,  according  to  temperature,  a ciliated  miracidium  is 
developed  in  their  interior.  On  arriving  at  maturity  the  miracidium 
escapes  into  the  water  by  throwing  back  the  operculum  at  the  broad  end 
of  the  shell.  It  is  probable,  therefore,  that  the  iutermediate  host  of 
Parai/oniimis  is  a fresh-water  animal.  Katsurada,  who  is  to  some  extent 
supported  by  Yamagiwa,  believes  that  the  young  enter  the  stomach  of 
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man  and  bore  through  the  intervening  tissues  until  they  reach  the 
lungs ; this  is  little  more  than  conjecture.  Except  that  the  ova  hatch 
out  in  water  nothing  is  really  known  of  tlie  life-histoiy  of  this  important 
and  very  dangerous  parasite ; this  point,  however,  is  of  pi-actical  value  as 
indicating  the  direction  prophylactic  measures  should  take. 


Family  II.  Paramphistomidse 

The  anterior  end  of  the  body  is  pointed  ; the  posterior  is  broad  and 
hollowed  out,  and  on  the  hinder  end  of  this  hollow  is  the  ventral  sucker; 
dorsal  to  this  the  excretory  pore  opens  ; intestinal  cteca  with  no  branches, 
the  pharynx  pushed  forward  and  usually  described  as  an  oral  sucker ; 
hermaphrodite. 

i.  Gastrodiseus  hominis  (Lew.  and  McConn.)  1876.  — (Synonym: 
AinjAistumiim  hominis  Lew.  and  McConn.)  (Fig.  159). — First  described 

by  Lewis  and  McConnell  from  specimens  found  in 
an  Assamese,  until  lately  this  parasite  appeai-ed  to 
Ije  very  rare.  If,  however,  the  expression  “ small 
distomes,”  used  by  Dobson  in  his  description  of 
the  trematodes  met  with  during  the  investigations 
already  referred  to  (p.  855),  applied  to  this 

pai’asite,  it  cannot  be  uncommon  in  India  and 
similar  climates.  It  is  thought  to  be  normally  a 
])arasite  of  the  horse,  and  that  occjisionally  it  finds 
its  way  into  man.  In  the  two  cases  from  which 
Lewis  and  McConnell  obtained  their  specimens 
the  parasite  occurred  in  hundreds,  and  was  found  adhering  with  its 
posterior  sucker  to  the  mucous  membrane  of  the  caecum,  appendix,  and 
ascending  colon. 

G.  hominis  is  very  minute,  measuring  only  5 to  8 mm.  in  length  by 
3 or  4 mm.  in  breadth  at  its  broadest  part — that  is,  across  the  posterioi’ 
Slicker.  From  the  great  relative  Iireadth  of  the  last-mentioned  feature 
the  little  animal  looks  as  if  it  consisted  of  two  pai-ts — of  a disc  and  a 
short  attached  handle.  At  the  end  of  this  short  handle  the  oral  sucker 
is  situated  ; between  this  and  the  posterior  sucker,  and  on  the  ventral 
surface,  the  genital  pore  maybe  made  out.  The  ova,  which  measure  0‘15 
mm.  I)y  0'07  mm.,  have  a firm,  opcrculated  shell. 

Nothing  is  known  of  the  life-history  of  the  parasite,  nor  of  the 
pathological  conditions  it  may  give  rise  to. 

ii.  Cladorchis  watsoni  (Conyngham)  1904. — (Synonym:  AmpU- 
stomum  wafsoni  Conyngham  1904)  (Figs.  160  and  161). — ^'This  parasite 
y\as  first  found  in  numbers  in  the  duodenum  and  upper  part  of  the 
jejunum  of  a freed  slave  who  came  from  Adamawa  in  German  "West 
Africa,  and  died  in  Northern  Nigeria.  Recent  information  would  seem 
to  indicate  that  this  parasite  is  extremely  common  in  certain  parts  of 
Northern  Nigeria,  especially  in  the  neighbourhood  of  Lake  Chad. 


Fig.  150. — Gastrodisms 
hominis.  Leuckait. 
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Children  especially  are  liable  to  infection  and  sometimes  die,  probably 
from  the  associated  amemia.  As  regards  treatment,  we  have  no  j)Ositive 


Fin.  ]i>0. — Oia'n'ain  of  Cladorchis  iratsoni.  al.c,  ali- 
iiioiitaiy  canal ; L.c,  Laurcr'.s  canal : m.g,  .shell- 
gland  : wj,  ijofype : or,  ovary ; pA,  pharynx ; 
/i/i.p,  pharyngeal  pouches;  sp/i,  sphincter  nin.scle 
aroiiinl  o;.so|>hageal  bull) ; s.v,  seminal  vesicle ; 
f,  testes  ; iit,  utenis  ; r.ri,  v^s  deferens  ; y.g,  yolk- 
glands.  (Shipley.) 


Fin.  nU.  — Clodordtis  vnisoni.  «, 
ventral  surface,  natural  size  ; h, 
anterior  aspect  inagnilled  ; c,  ven- 
tral surface  inagnilied;  g.p,  genital 
pore.  (Shipley.) 


knowledge  of  any  specific,  but  it  is  probable  that  thymol  or  eucalyptus 
oil  combined  with  purgatives  will,  as  in  ankylostomiasis,  be  effective. 
Its  normal  host  is  probably  some  herbivorous  mammal. 


V.  M. 

A.  E.  S. 


Family  III.  Sehistosomidse  Looss 

In  structure  resembling  the  Fasciolidae,  but  bisexual. 

Sehistosomum  h£ematobium  (Bilharz)  18o3. — (Synonyms:  Bixtoma 
heematohium  Bilharz,  Distoma  capense  Harley  1864.) 
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BILHAKZIAS18 
B}'  F.  M.  Sakdwith,  M.D.,  F.R.C.P. 

SYNt)XY.Ms. — Bilharzia  disease,  endemic  hjematuria,  Egyptian  hsematuria. 

Definition. — A chronic,  endemic  human  disease  of  many  African 
countries,  characterised  by  hamiaturia,  cystitis,  rectal  irritation,  and  other 
svmptoms ; in  young  females  the  vagina  and  uterus  may  be  invaded. 
In  advanced  cases  there  are  many  serious  complications,  which  may 
eventually  cause  the  death  of  the  patient.  The  symptoms  are  caused  by 
the  deposit  in  the  tissues  of  numberless  eggs  laid  by  the  Sclmtosomum 
hannatohium  worm. 

History.— It  is  probable  that  the  parasite  has  been  domiciled  in 
Egypt  for  hundreds  of  years,  because  the  natives  h:ive  long  suffered  from 
h.'ematuria  and  from  urinary  calculi  partly  due  to  this  cause.  AVe  know 
that  in  1799-1801,  during  their  occupation  of  Egypt,  the  French  troops 
suffered  much  from  htematuria  without  discovering  the  cause.  In  1851, 
Bilharz,  in  Cairo,  first  found  that  Egyptian  hminatui-ia  was  due  to  the 
worm  which  is  often  named  after  him;  and  in  1864,  Dr.  John  Harley, 
in  London,  recognised  the  disease  in  persons  coming  from  South  Africa. 

Bilharz  and  Griesinger  found  the  parasite  in  Cairo  in  32  per  cent  of 
363  autopsies  ; a few  years  later,  between  1875  and  1883,  Sonsino  found 
bilharzial  infection  in  46  per  cent  of  91  post-mortem  examinations  in 
Lower  Egypt;  and  Kaufmann,  in  1893,  I’ecogniscd  the  parasite  in  33 
per  cent  of  500  autopsies  in  Cairo. 

Geographical  Distribution. — The  disease  is  nowhere  endemic  in 
Europe ; but  imported  cases  are  frequently  heard  of,  and  there  are  at 
least  two  instances  of  the  affection  occurring  in  England  in  individuals 
who  had  never  been  out  of  this  country.  Berkeley  Hill  reported  a case 
of  a woman,  aged  40,  admitted  into  University  College  Hospital  in  1887 
suffering  from  hmmaturia  due  to  bilharziasis,  who  had  never  lived  out  of 
the  county  of  Kent.  Major  Freeman  records  another  case  of  a private 
soldier,  aged  24,  who  was  admitted  for  bilharziasis  to  the  Military 
Hospital  at  Colchester  in  January  1905;  it  was  impossible  to  discover 
by  what  means  he  had  become  infected,  but  it  was  suggested  that  urine 
from  some  unknown  patient  who  had  returned  fi’om  South  Africa  with 
lulharziasis  had  infected  the  barrack-room  in  which  this  soldier,  who  had 
never  been  out  of  England,  spent  some  days. 

In  Asia  the  affection  has  been  reported  from  the  Hedjaz  (Mecca), 
Ai’abia,  Syria,  Mesopotamia,  in  the  valleys  of  the  Tigris  and  Euphrates, 
Persia,  Mauritius,  and  the  AA'^est  Coast  of  India.  Sporadic  or  imported 
cases  have  bceii  known  in  Cyprus,  Penang,  and  Shanghai.  The  special 
Schistosommn  lately  discovered  in  Asia  is  dealt  with  on  page  881. 

The  bilharzia  disease  is  best  known  and  most  widely  distributed  in 
Africa.  In  Lower  Egypt  the  worm  is  still  found  in  at  least  one-third 
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of  all  tho  autopsies;  in  Tapper  K<rypt  it  is  distinctly  less  common.  In 
the  Sudan  it  is  frecpiently  mot  with  among  importocl  Egyptians,  and  Dr. 
Balfour  has  recently  found  it  in  three  boys  who  had  never  been  out  of 
the  Smlan.  Sporadic  cases  have  been  reported  in  Arabs  from  Kassala, 
Darfur,  and  Kordofan,  while  the  disease  is  endemic  in  'runis  and 
Algiers.  On  the  West  it  is  known  on  the  Gold  Coast,  in  Nigeria,  the 
German  Cameroons,  and  Angola ; and  on  the  East  Coast  all  the  way  from 
Suez  to  the  Cape  of  Good  Hope,  especially  in  Abyssinin,  where  the 
Italian  troojJS  suttered  seriously  from  it  during  their  campaign,  Zanzibar, 
and  the  Mozambique  coast,  and  in  Madagascar.  In  Central  Afiica  it  is 
endemic  in  Uganda,  British  Central  Africa,  and  the  Congo  State.  Looss 
found  in  1905  that  one  (the  youngest  boy,  aged  12)  of  the  six  p3'gmies 
brought  from  the  Ituri  forest  in  the  Congo  Free  State  had  bilharzia  eggs 
in  his  heces,  but  not  in  his  urine.  In  South  Africa  the  disease  is  well 
known  in  Delagoa  Bay,  Natal,  Port  Elizabeth,  Bloemfontein,  the  Trans- 
vaal, and  KatVraria,  but  the  complications  are  fewer  and  less  serious  than 
in  Egypt. 

Single  cases  have  at  rare  inteiwals  been  reported  from  Illinois  and 
other  parts  of  the  United  States,  and  Gutin  has  described  the  cases  of 
two  patients  who  came  from  Porto  Pico  and  had  resided  for  a few 
months  in  the  Hawaiian  Islands  : in  both  these  patients  eggs  were  found 
in  the  freces  oidy.  Sir  P.  IManson  has  reported  one  case  from  the  "West 
Indies  in  an  English  resident  who  had  lived  in  several  of  the  islands ; 
in  this  patient,  and  in  Letullc’s  case  from  Martinique,  the  rectum  oidy 
was  affected. 

Natural  History  of  the  Parasite. — The  best  account  of  the  life- 
history  of  the  worm  is  in  the  article  iii  Mense’s  llamihuch  der  Tropen- 
h'ankheiten,  by  Professor  Looss.  I have  borrowed  freely  from  his  article, 
and  have  obtJiined  permission  to  use  three  of  his  drawings. 

The  Schist osomum.  hcematohiuin  is  one  of  the  two-sexed  trematode  worms ; 
the  male  is  about  1 cm.  in  length,  and  to  the  naked  eye  looks  white  in 
colour  and  cylindrical,  but  tapering  at  each  end.  Under  the  microscope 
the  oral  ancl  ventral  suckers  are  to  be  seen  one  behind  the  other.  The 
body  of  the  male  is  closely  covered  with  small  tubercles,  and  behind  the 
ventral  sucker  there  is  an  opening  which  seems  to  lead  into  the  body, 
but  is  the  beginning  of  the  gynrecophorie  canal.  This  is  formed  by  the 
folding  inwards  and  overlapping  of  the  lateral  pai'ts  of  the  body,  which 
is  really  flattened  in  the  shape  of  a leaf.  The  female  (2  cm.)  is  much 
longer  than  the  male,  so  that  part  of  her  body  often  protrudes  from  the 
canal,  and  yet  she  sometimes  hides  herself  so  completely  within  it  that 
she  can  oidy  be  discovered  bv  the  aid  of  the  microscope.  As  jiartly 
seen  in  Fig.  162,  only  the  upper  part  of  her  thread-like  body  is  white,  the 
lower  half  being  grey  and  traversed  by  a dark  brown  zig-zag  stripe  which 
represents  the  intestinal  canal  filled  with  blood.  The  sexes  live  apart 
while  young,  but  directly  they  become  mature  the  female  enters  the 
gymecophoric  canal  of  the  male,  since  she  is  chiefly  dependent  on  him  for 
powers  of  locomotion.  The  worms  found  in  the  liver  are  always  young, 
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and  Avlien  couples  in  conjunction  are  seen  in  the  portal  vein,  -which  is 
their  ])rincipal  habitat,  the  female  has  very  few  eggs  in  her  uterus,  and 
those  eggs  are  not  normal.  Bilharz  originally  found  coupled  worms  in 
the  intestinal  veins  and  in  the  wall  of  the  bladder,  and  noticed  that 
the  females  in  the  bladder  contained  plenty  of  mature  eggs.  It  appears, 
therefore,  that  complete  maturity  is  not  reached  until  the  worms  approach 
the  veins  of  the  pelvis.  The  males,  starting  from  the  portal  vein  and 


102. — A coupleU  jKiir  drawn  from 
life.  1x12.  The  star  marks  tip- 
ootype,  in  front  of  wliich  are  eggs. 
IjOoss. 


Kui.  103. — Eggs  of  different  shapes  in 
urinary  deposit,  tlie  two  most 
normal  being  below  on  the  leff. 
h'.ist,  marks  an  egg  with  a slightly 
deviated  spine,  i.ooss. 


carrying  the  females  with  them,  make  for  the  submucous  tissue  of  the 
bladder  and  rectum,  by  means  of  energetic  movements  of  their  strong 
muscles ; Looss  has  sometimes  seen  these  organs  so  rich  in  worms  that 
a pair  may  be  found  in  every  area  of  half  a cm.  square.  dlie  eggs 
are  deposited  by  the  female  in  the  veins  : they  are  ellijitical,  and  some- 
what ])ointed  at  each  end,  and  measure  on  an  average  0'08  by  0'03  mni. 
Segmentation  occurs  after  their  entry  into  the  tissue.s,  and  the  eggs 
grow  until  they  are  about  O'll  to  012  mm.  long  and  0'04  to  0'05  mni. 
wide.  Their  thin  yellow  shell  has  at  its  posterior  end  a small  pointed 
spine ; but  often  another  form  of  egg  is  seen  with  a considerably  larger 
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sj)ine  at  the  side,  and  occasionally  eggs  are  met  with  which  have  no  spine 
at  all.  Mggs  with  a terminal  spine  are  usually  found  in  the  urine,  while 
in  the  fteces  lateral-spined  eggs  are  often  present,  but  this  is  not  a 
universal  rule.  Sir  P.  Manson  has  suggested  that  two  s})ccies  of  the 
parasite  probably  exist,  one  i)roducing  eggs  with  terminal  spines,  and 


IS 


the  other  eggs  with  lateral  spine.®,  the  latter  being  a wuini  freciuentii 
the  ha?morrhoidal  vessels.  In  support  of  this  conjecture  he  adduces  the 
fact  that  the  only  cases  of  bilharziasis  hitherto  re})orted  from  the  West 
Indies  have  been  ])atients  with  rectal  symptoms  with  lateral-spined  ova 
in  their  f;>?ces.  If  the  disease  should  eventually  be  shewn  to  be  common 
in  the  West  Indies  it  will  certaiidy  be  interesting  to  try  to  discover 
why  the  urinary  form  of  the  disease,  associated  with  terminal-spined  eggs, 
is  not  also  present.  It  is,  however,  more  probable,  as  Looss  has  sug- 
gested, that  the  eggs  with  the  lateral  spines  aio  abnormally  foinied 
specimens.  Like  Bilharz,  he  has  foiiiul  them  chiefly  in  isolated  females, 
and  he  suggests  that  it  is  only  the  immature  females  who  lay  eggs  with 
lateral  spines,  and  that  these  are  malformed,  from  mechanical  reasons,  in 
the  uterus. 

The  eggs  are  expelled  from  the  uterus  l)efore  the  worms  i-each  the 
capillarie.s,  at  some  time  during  their  journey  from  the  poital  vein  to  the 
pelvic  veins,  and  are  mostly  carried  along  by  the  blood ; though  a few, 
especially  those  with  lateral  spines,  may  remain  in  some  organ  such  as 
the  liver.  When  once  the  worms  have  I'eached  the  capillaries  of  the 
pelvic  organs,  most  of  the  eggs  are  held  fast  by  the  pressui’e  of  sur- 
rounding tissues  to  the  spot  where  they  were  first 
deposited,  and  therefore  bilharziasis  is  originally  a 
local  manifestation.  The  eggs  are  squeezed  together 
by  the  conti-acting  muscles  of  the  bladder  or  rectum, 
and  penetrate  into  the  tissues  until  they  reach  the 
surface,  and  are  expelled  with  the  excreta.  Those 
with  a lateral  spine  cannot  proceed  in  a straight  line 
because  of  their  misplaced  steering  apparatus,  and 
they  therefore  tend  to  collect  in  the  tissues,  especially 
in  the  bladder.  If  all  the  eggs  escaped  with  the 
excreta,  there  would  be  few  symptoms  and  almost 
no  complications.  Many  eggs  die  during  their  pro- 
cess of  development,  and  therefore  they  vary  in  size 
according  to  the  stage  of  growth  at  which  they  have 
arrived  before  their  death ; but  when  living  eggs 
are  passed  in  the  urine  or  faeces  of  a patient  they 
generally  contain  a ripe  ciliated  embryo,  which  is 
known  as  the  mirar.idium.  The  miracidium  will  not 
hatch  from  the  egg  in  urine,  but  if  fresh  water  be 
added  to  the  slide  it  emerges  from  the  egg  in  a 
few  minutes,  in  warm  weather,  and  swims  about  very  rapidly  by  means 
of  its  cilia.  But  although  Avater  of  a certain  warmth  is  obviously 
■essential  for  the  life  of  the  miracidium,  no  one  has  yet  succeeded  in 
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Fic.  164. — A free  - .swiiii- 
miiif;  iiiiracidiiiin.  Hr. 
is  one  of  tlin  two  lar^e 
liead -pliiiuls,  Miuj,  Uie 
stomach  cavity,  Nrrr, 
tlu^  nervous  system,  K/,, 
the,  germinal  cells. 
I.ooss. 
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keeping  it  alive  for  longer  than  30  or  40  hours,  and  all  experi- 
ments made  with  the  object  of  transferring  it  to  molluscs  and  other 
animals  which  might  possibly  act  as  intermediary  hosts,  have  so  far 
failed. 

Infection  of  Man. — By  the  analogy  of  other  trematode  worms,  it 
has  for  years  been  supposed  by  most  writers  that  the  miracidium  must 
enter  some  animal  as  yet  undiscovered,  arrive  at  the  human  stomach 
with  unfiltered  drinking-water,  and  then  develop  into  bilharzia  worms. 
Now  bilharziasis  is  such  a widely  spread  disease  in  Lower  Egyj)t  that  it 
is  fairly  obvious  that  if  any  intermediary  host  exists  it  cannot  be  any 
creature  of  great  rarity,  and  systematic  search  among  the  molluscs  of  the 
Delta  has  so  far  yielded  no  trace  of  any  developmental  stages  of  the 
Schistosomuin.  Looss  has  long  argued  that  the  miracidium  enters 
directly  into  man ; and  he  excludes  the  possibility  of  entry  by  the 
mouth  in  drinking-water,  because  the  embryo  cannot  live  for  one  minute 
in  a solution  of  1 : 1000  hydrochloric  acid,  nor  for  three  minutes  in  a 
solution  of  1 : 2000.  The  acidity  of  the  human  stomach  is  said  to  be 
4 ; 2000  ('2  per  cent),  so  that  it  does  not  seem  possible  for  the  miracidium 
to  emerge  alive  from  the  human  stomach,  if  it  ever  gets  there.  The 
infection  of  man’s  stomach  directly  by  the  miracidium  is  a notion  which 
should  be  abandoned.  It  has  been  seriously  suggested  by  several  writers 
that  entry  can  occur  by  the  urethra  or  rectum,  but  there  is  no  evidence 
in  support  of  this. 

There  remains  for  discussion  the  mode  of  entrance  by  the  skin,  in 
which  Looss  is  a firm  believer.  It  was  long  ago  suggested  as  the 
possilde  e.xplanation  of  the  fact  that  bathers  are  especially  attacked  by 
this  disease ; and  as  men  and  l)oys  bathe  in  South  Africa  (as  in  most 
other  countries)  more  commonly  than  girls,  it  was  thought  by  Drs. 
J.  Harley,  Brock,  Felkin,  and  others  that  this  difference  in  their  habits 
might  account  for  the  comparative  immunity  of  the  female  sex.  It  is 
(piite  possible  that  those  who  believed  that  bathing  caused  the  disease 
were  right. 

It  has  long  been  known  that  it  is  chiefly  male  earth-workers  in 
country  districts  who  suffer  from  the  disease,  while  in  towns  it  is 
especially  the  children  avIio  seem  to  be  infected.  This  quite  con- 
firms the  view  that  the  parasite  may  enter  by  the  skin,  for  in  Egypt 
we  find  that  in  the  poorest  classes  of  peasants,  where  men  and 
women  work  together  in  the  fields,  both  sexes  are  apt  to  suftcr  equally 
from  bilharziasis.  ^Vhen  we  examine  those  who  are  less  poor,  so  that  only 
the  men  are  obliged  to  work  on  the  land,  the  latter  still  suffer  from  the 
disease  in  much  the  same  ratio  as  their  poorer  brethren,  but  the  disease 
becomes  rare  among  their  women.  Ascending  still  farther  in  the  social 
scale,  we  find  that  in  small  landowners,  clerks,  and  others  not  personally 
engaged  in  agricultural  labour  bilharziasis  becomes  rare  even  among  the 
men  (Talaat).  Yet  for  all  these  three  classes  in  country  districts  and  for 
l)oth  sexes  the  drinking-water  is  the  same,  unfiltered,  direct  from  the 
Nile  or  from  Nile-water  in  a canal.  This  looks  as  if  drinking-water  had 
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nothing  to  do  with  the  problem,  and  as  if  the  causation  were  dependent 
upon  the  amount  of  skin  surface  of  the  individual  exposed  to  the  water. 
Critics  object  that  the  embryo  is  incapable  by  its  formation  of  entering 
the  human  skin ; but  it  is  known  that  the  miracidia  of  other  trematodes 
succeed  in  penetrating  the  skin  of  various  molluscs  and  then  reach  the 
liver.  At  present  the  hypothesis  of  skin  penetration  is  not  proved, 
because  one  hesitates  to  submit  a volunteer  to  the  risk  of  contracting 
a disease  the  cure  of  which  is  not  known,  but  it  seems  evident  that 
the  bilharzia  miracidium,  Avhen  it  does  succeed  in  entering  the  human 
body,  must  get  to  the  liver ; for  this  is  the  only  organ  where  very 
young  worms  are  found,  and  it  seems  clear  that  they  disperse  from 
the  nursery  in  the  liver  to  other  parts  of  the  body.  When  they  have 
reached  maturity,  the  worms  enter  the  large  branches  of  the  portal 
vein,  join  sexually,  and  travel  on  to  the  veins  of  the  pelvic  organs,  where 
they  lay  their  eggs.  Some  coupled  pairs  probably  go  astray  on  the  way 
iind  lay  their  eggs,  thus  accounting  for  isolated  bilharzia  tumours  in 
unusual  jdaces  (Looss). 

It  is  only  natural  that  the  hypothesis  of  infection  through  the  skin 
should  have  found  more  believers  among  workers  in  Egypt  since  Ave  have 
Avatched  the  successful  development  of  Looss’s  experiments,  Avhich  have 
satisfactorily  proved  that  the  larvse  of  Anki/Iostomum  dmdenale  can  enter 
the  skin  of  man,  and  that  other  allied  species  do  penetrate  the  skin 
of  man  and  animals.  For  the  hypothesis  of  infection  by  the  skin  of  the 
bilharzia  miracidium  it  is  only  necessary  that  liquid  mud  or  Avater, 
fouled  by  living  eggs,  should  remain  for  a little  Avhile  in  contact  Avith  the 
human  skin.  In  Egypt  the  middle-class  and  poor  children  of  both  town 
and  country  districts  become  affected  because  they  play  in  small,  dirty 
ponds  Avhere  infection  becomes  easy  if  one  of  them  urinates  bilharzia  eggs 
into  the  Avater,  an  event  Avhich  constantly  happens.  But  among  adults  it 
is  chiefly  the  country  - dwellers  Avho  suffer,  partly  because  the  toAvn 
children,  as  they  groAv  older,  Avear  boots  and  cease  to  ])addle  in  the 
ponds,  and  therefore  run  less  risk  of  re-infection,  and  their  hsematuria 
slowly  disappears.  The  country  children,  on  the  other  hand,  develop 
into  peasants  Avho  Avork  bare  - footed  in  groups  on  the  constantly 
irrigated  land,  Avhere  re-infection  may  often  occur. 

The  ponds  (birket  is  the  Egyptian  name  for  the  village  i)ond),  seen 
in  every  village  in  LoAver  Egypt,  require  some  description  for  those 
Avho  do  not  knoAV  the  habits  of  Orientals.  To  escape  from  the  Nile 
Hood,  Avhich  occurs  eA^ery  summer,  the  villages  arc  artificially  raised  o?i 
mounds  of  earth,  and  as  the  country  is  quite  flat  there  results  from  this 
digging  a shalloAv  depression,  Avhich  at  the  time  of  inundation  is  filled 
Avith  Avater,  and  then  serves  as  a bathing-place  for  children  during  the 
hot  months.  This  stagnant  pond  exists  during  most  of  the  }'ear,  en- 
couraged by  the  villagei's,  in  spite  of  all  sanitary  regulations,  because  they 
find  it  convenient  to  AA-ater  their  cattle  in,  and  because  they  employ  the 
shelving  banks  of  the  pond  to  defecate,  urinate,  and  perform  their  ablutions. 
j\Iany  of  them  drink  Avater  direct  from  these  ponds,  but  I have  already 
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stilted  that  I do  not  believe  in  the  introduction  of  this  parasite  by  the 
stomach. 

Zoology. — Cobbold  found  a ScJnKfosonnim  in  a sooty  monkey  {Cercn- 
jiitlu’cns  fnhuinofnis)  from  Africa,  which  died  in  London  in  1857  ; and 
tliongh  lie  described  it  as  Bilharda  rmgna,  it  is  now  believed  to  have 
been  ii  specimen  of  ScJiisfosomum  lur/natohiuv). 

Sonsino,  in  187G,  discovered  a simihir  trematode  {Schistosomum 
Iwfi-'t)  in  the  portal  vein  of  a three-year-old  bull  at  Zagazig  (Eg}’pt)  : ho 
found  35  living  worms,  the  female  lying  in  the  male  gyniecophoric 
canal,  and  appearing  like  a thread  of  black  silk  at  each  extremity.  The 
males  were  somewhat  broader  than  the  human  species ; the  eggs  Avere 
spindle-shaped,  and  contained  no  miracidium.  This  worm  has  since  been 
found  by  Dr.  Symmers  in  cattle  from  the  .Sudan,  and  is  said  to  exist  in 
75  per  cent  of  the  sheep  in  Sicily. 

Mr.  Montgomery,  a veterinary  olticer  in  India,  found  in  1905  what 
is,  perhaps,  a new  species,  the  Schistomumm  indiana,  in  one  donkey  and 
several  horses  living  in  the  hills  and  on  the  plains.  Since  then,  in  a 
private  letter,  he  states  that  every  careful  autopsy  upon  a horse,  sheep, 
or  ox  at  Lahore  shewed  adult  worms  or  the  long  spindle-shaped  eggs  of 
this  parasite  in  the  rectum  or  colon.  This  tends  to  shew  that  bilharziasis 
in  animals  at  least  is  common  in  some  jjai’ts  of  India. 

Etiology. — Age. — The  disease  is  iinknoAvn  in  infants,  but  may  be 
found  in  males  at  any  age  from  4 to  70.  Three-fourths  of  the  cases 
which  come  to  Egy})tian  hospitals  are  between  15  and  45  years  of  age. 

Sex. — It  is  rare  in  females,  alwaj'^s  excepting  little  girls  and  peasant 
women,  Avho,  like  the  men,  ivork  bare-legged  on  the  Hooded  land.  In  in- 
vestigating the  question  of  sex,  Mr.  E.  Milton  found  that  out  of  a total 
of  134G  hospital  cases  in  Cairo  over  94  per  cent  were  males,  but 
that  the  relative  proportion  of  cases  under  puberty  Avas  9 males  to 
1 female,  Avhile  after  the  age  of  puberty  there  Avere  20  males  to 
1 female.  This  striking  diflerence  in  ratio  can  be  explained  by  remember- 
ing that  Avhen  the  girls  reach  puberty  they  are  much  more  confined  to 
the  house,  or  only  Avork  on  dry  fields,  and  are  thus  preserved  from  the 
re-infection  Avhich  attacks  males. 

llnces. — All  are  liable,  l)ut  Europeans  in  Egypt  rarely  contract  the 
disease,  excepting  a fcAv  bai-e-footed  Greeks  Avho  lead  the  -same  kind  of 
lives  as  the  poorer  Egyptians.  In  South  Afilca  the  Colonial  and  Dutch 
boys,  Avho  paddle  and  bathe,  are  by  no  means  exempt,  but  the  disease  is 
extremely  rare  there  in  girls,  Avho  do  not  eiiter  the  Avater. 

Ocr.ujMtion. — In  the  toAvns  the  patients  are  chiefly  children,  or  adults 
employed  as  road  labourers  and  gardeners,  Avhile  in  the  country  districts 
the  patients  are  either  peasants  or  ex-pea.sants.  In  order  to  ascertain 
Avhab  proportion  of  the  male  ])opnlation  in  EgyjAt  sufi'ers  from  bilharziasis, 
the  urine  of  100  consecutiA^e  patients  admitted  for  all  diseases  to  the 
medical  AAoirds  of  Kasr  el  Ainy  Hospital  AA-as  specially  examined  by 
the  microscope,  and  no  less  than  35  AA-ere  found  to  jiass  bilharzia 
eggs,  though  only  tAvo  patients  complained  of  any  synqitnms  of  the 
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(lisouse  (F.  jNJilton).  In  ;i  school  of  124  boys  near  Caii'o,  78  per  cent  luul 
bilharzia  eggs  in  their  nrine,  though  they  all  professed  to  l)e  perfect!}’ 
well  (Kantskv). 

CUnutte  and  Season. — The  land  in  Lower  Egypt  is  Hooded  during  the 
late  summer  and  autumn,  and  j)robal)ly  infection  occurs  during  the  early 
winter  months.  In  the  following  summer  and  autumn,  after  an  incuba- 
tion-period of  about  three  months,  anil  some  months  more  for  the 
development  of  symptoms,  patients  apply  for  treatment.  The  prevalence 
of  the  disease  in  Low^er  Egypt,  as  contrasted  with  llpper  Egyj)t,  is  prob- 
ably because  the  former  is  supplied  with  water  by  irrigation-canals  practi- 
cally all  the  year  round,  while  in  Upper  Egypt  the  ])easants  get  w'ater 
for  their  crops  only  at  the  time  of  the  Nile  Hood,  and  therefore  have  a 
very  much  shorter  period  of  time  during  which  infection  and  re-infection 
may  take  place.  It  is  perhaps  the  absence  of  a constant  water-supply 
which  accounts  for  the  comparative  mildness  of  the  disease  in  Soutli 
Africa.  The  disease  is  presumably  limited  to  warm  countries  because  the 
miracidium  is  killed  by  exposure  to  cold. 

Varieties  of  the  Disease. — An  analysis  of  930  bilharzia  cases  in  one 
year  at  Kasr  el  Ainy  Hospital,  among  both  in-patients  and  out-patients, 
provides  the  following  percentages ; bilharzia  affecting  the  bladder  alone, 
04  per  cent;  bladder  cases  complicated  by  vesical  calculus,  14;  urinary 
fistuli'c,  14  ; bilharzia  of  rectum  and  general  bilharziasis,  5 j)er  cent;  the 
remaining  3 per  cent  were  cases  in  which  the  patients  died  of  other 
diseases,  but  bilharzia  worms  were  found  in  their  portal  system. 

Morbid  Anatomy.  At  an  autopsy  the  infiltration  of  tissues  by  the 
eggs  can  be  best  seen  in  the  urethra,  bladder,  ureters,  rectum,  and,  more 
rarely,  the  liver.  In  the  urethra  there  may  be  small  sandy  patches  due  to 
deposited  eggs  folloAved  by  fibrosis,  but  the  most  common  lesion  is  fistula. 
As  regards  the  origin  of  the  fistula,  there  is  only  1 springing  from  the 
floor  to  20  arising  in  the  roof  or  the  pubic  side  of  the  urethra.  It 
is  quite  possible  to  meet  with  a bilharzial  lesion  in  the  glans  penis  or  in 
the  perineum,  which  may  surround  the  urethra  without  the  urethra  itself 
being  primarily  affected.  In  the  more  common  variety  of  fistula  no 

stricture  occurs,  though  the  urethra  may  be  converted  into  a hard,  thick, 
twisted  tube ; but  a perineal  fistnla  sometimes  causes  a stricture. 

The  best  known  and  perhaps  most  severe  lesion  is  in  the  bladder, 
Griesinger’s  original  description  of  which  is  excellent.  The  eailiest 
changes  in  the  mucous  membrane  consist  of  .spots  of  hyperfemia.  There 
are  many  small  extravasations  of  IHood,  the  mucous  membi’ane  at  these 
places  being  somewhat  swollen  and  often  coated  with  mucus,  which  con- 
tains quantities  of  the  ova.  Sometimes  the  entire  mneous  membrane 
she-ws  marked  injection  and  ecchymoses,  but  usually  the  change  is  limited 
to  small  spots  of  varying  size,  particularly  about  the  trigone.  Later, 
there  may  be  greyish-yellow,  yellowish,  or  dull  white  elevations  of  the 
mucous  membrane,  mingled  with  spots  of  pigment ; or  occasionally  smooth, 
leather-like  patches  beneath  the  mneons  membrane,  that  look  as  if  they 
had  been  steeped  in  spirits  of  rvine.  In  other  cases  the  coating  is 
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permeated  with  ui'inaiy  salts  or  a firm  sand  consisting  of  eggs  or  egg- 
shells. It  is  impossible  to  remove  these  patches  without  peeling  off  some 
of  the  mucous  membrane.  Occasionally  othei’  patches  are  very  soft  and 
friable,  and  i)artly  mixed  with  extravasated  blood.  All  these  changes 
are  caused  by  extravasation,  inflammation,  and  fibrosis  around  the  eggs 
blocking  the  capillaries.  When  the  blood-supply  becomes  deficient  the 
patches  slough,  causing  ulcers  and  crevices. 

In  other  cases,  however,  the  appearances  are  quite  dilTerent ; for  on 
the  mucous  meml)rane  there  are  single  or  multiple  excrescences,  varying 
in  size  fi’om  a pea  to  a bean,  and  yellowish  in  colour,  resembling  condy- 
lomas. As  a rule,  their  condition  is  such  that  the  mucous  membrane 
over  them  is  unchanged,  except  that  it  is  somewhat  thicker  than  normal. 
Occasionally  the  excrescences  are  dark  red  throughout,  and  the  body  of 
the  prominence  is  formed  of  the  swollen  submucous  tissue,  Avhile  there 
are  innumerable  transitions  from  flat  sessile  patches  to  elevated  fungoid 
protrusions.  The  protrusions  are  the  result  of  the  living  worms,  which 
may  sometimes  be  found  in,  sUu,  whereas  the  condition  I have  first 
described,  like  most  of  the  i)athological  appearances,  is  caused  by 
the  eggs. 

In  the  Museum  of  the  Royal  College  of  Surgeons  of  England  there  is 
the  best  bilharzia  specimen  I have  ever  seen  of  a bladder,  taken  from  a 
peasant,  aged  25,  who  died  in  the  Alexandria  Hospital.  The  kidne3’s 
were  large,  shewing  several  c}-'sts,  and  contained  ammouiacal  urine,  while 
the  pelves  and  calyces  were  greatly  dilated.  The  ureters  were  thickened, 
and  so  dilated  as  to  measure,  in  the  collapsed  condition,  1'5  cm.,  but  their 
mucous  membrane  was  intact.  The  walls  of  the  bladder  were  3 cm.  thick, 
and  in  its  cavity  there  was  a calculus  the  size  of  a nut,  besides  two  small 
calculi  buried  in  the  thickened  walls.  A fourth  calculus,  at  the  lower  end 
of  the  left  ureter,  was  discovered  at  the  Museum  after  I brought  the 
specimen  home.  Eggs  could  be  found  on  section  almost  everywhere  in 
the  bladder  and  ureters. 

The  pathological  changes  in  the  ureters  are  A^ery  similar  to  those  in 
the  bladder.  Sand}'  patches  may  be  seen  at  several  spots,  but  chiefly 
jiear  the  openings  of  the  ureters  into  the  Idadder.  In  old-standing  cases 
annular  deposits  of  eggs  may  so  narroAv  the  calibre  of  the  tube  that  the 
finest  sound  can  hardly  be  pas.sed  through  it;  the  natural  consequence  of 
which  is  a dilatation  of  the  upper  two-thirds  of  the  ureters,  Avhich  expand 
until  they  resemble  a piece  of  a child’s  intestine. 

Eggs  arc  seldom  found  in  the  lidneij,  and  the  changes  in  this  organ 
depend  chiefly  u])on  the  amount  of  obstruction  to  the  flow  of  the  urine. 
Especially  Avhen  a calculus  is  present,  or  has  been  present,  the  i^elvis  and 
calyces  gradually  stretch  until  hydronephrosis  or  pyonephi'osis  occui',  and 
in  the  Avorst  cases  the  kidiiey  is  changed  into  a thin-Avalled  bag  of  })us. 

The  rertum  is  sometimes  affected  Avhen  the  urinarv  })assages  are  quite 
free,  and  here  again  the  fibrous  thickening  or  the  polypoid  growths  may 
predominate.  But  the  latter  condition  is  much  more  common.  In 
early  cases  there  is  a general  thickening  of  the  mucous  membrane,  Avhich 
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is  too  red  in  colour  and  finely  granular,  bleeding  easily,  and  bathed  in 
mucus,  while  the  sphincter  is  somewhat  relaxed.  In  advanced  cases 
there  are  poh’poid  growths  occurring  at  intervals  in  the  rectum,  and 
extending  throughout  the  whole  length  of  the  groat  intestine.  In  one 
ease  at  Kasr  el  Ainy  the  lower  six  inches  of  the  small  intestine  were  also 
affected. 

The  liver  becomes  the  seat  of  bilharzial  cirrhosis,  and  its  surface  pre- 
sents a peculiar  appearance  to  the  naked  eye,  due  to  white  markings  of 
increased  connective  tissue  shewing  through  the  capsule,  and  a number 
of  perihepatic  nodules  projecting  from  the  capsule,  of  which  they  are 
ilistinct  growths.  On  section,  the  liver  shews  an  enormous  increase  of 
new  white  fibrous  tissue,  so  that  its  cut  surface  looks  as  if  a number  of 
white  clay -pipe  stems  had  been  thrust  at  various  angles  through  it.  The 
parenchyma  of  the  liver  is  homogeneous  in  appearance,  and  has  a peculiar 
di-ab  colour  which  contrasts  very  markedly  with  the  pinkish-white  of  the 
new  fibrous  tissue.  There  is  no  prominence  of  the  hepatic  lobules  nor 
retraction  of  the  capsule,  as  seen  in  other  forms  of  liver  cirrhosis.  Micro- 
scopically, there  is  a great  increase  of  the  periportal  connective  tissue  of 
the  sublobular  and  larger  portal  canals,  the  fibres  of  which  are  mostly 
wavy  and  parallel,  but  here  and  there  ai’ranged  concentrically  and  sur- 
rounding ova.  The  eggs  found  in  the  liver  consist  usually  only  of  the 
shell  with  lateral  spine  ; none  are  seen  lying  free  among  the  hepatic  cells, 
nor  any,  usually,  in  the  larger  blood-vessels  which  permeate  the  new 
cirrhotic  tis.sue.  The  whitish  nodules  on  the  surface  of  the  liver  consist 
of  fibrous  tissue  containing  eggs  (Symmers). 

The  portal  vein  should  always  be  opened  to  see  if  it  contains  any 
worms.  Sometimes  none  will  be  found,  or  oidy  two  or  three,  but  at  other 
times  each  teaspoonful  of  blood  may  contain  30  worms,  and  in  one  of 
my  cases  43G  were  found  in  blood  from  the  liver.  The  best  method 
of  searching  for  this  parasite  is  to  slit  open  the  vein  by  longitudinal 
incision,  and  scoop  out  the  blood  with  a teaspoon  before  the  liver  is  re- 
moved from  the  body.  The  liver  can  afterwards  be  cut  into  small  cubes, 
and  washed  in  saline  solution  while  pressing  the  cubes  with  the  hands. 
The  worms  are  easily  seen  l)y  receiving  the  blood  in  a glass  dish  or  a 
black  tray,  'bhey  may  also  be  found  in  other  veins,  such  as  the  inferior 
vena  cava  and  the  common  iliac. 

Eggs  have  been  found  in  the  lunej  bnt  rarely,  for  apparently  the 
worms  only  migrate  there  wheTi  they  have  lost  their  way.  Dr.  Symmers 
found  a pair  of  living  worms,  coupled,  in  the  blood  of  the  lung.  I have 
made  many  unsuccessful  attempts  to  find  eggs  in  the  sputa  of  bilharzia 
patients. 

Fibrous  nodiiles  on  the  outside  of  the  spleen  have  been  found  to  con- 
tain eggs,  and  they  haA^e  also  been  seen  in  the  seminal  vesicles  and  prostate. 
Eggs,  Avhen  carefully  looked  for,  have  been  found  several  times  in  the 
neighbourhood  of  the  vermiform  appendir,  and  one  case  has  been  reported 
in  which  they  Avere  confined  to  this  region,  being  absent  from  both  i-ectum 
and  bladder.  In  females  betAveen  the  ages  of  10  and  25,  the  broad 
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ligament,  vulva,  vagina,  and  cervix  of  the  uterus  may  be  affected,  as- 
shewn  in  Figs.  165  and  166.  Dr.  Symmers  found  a tumour,  about  the 
size  of  a pigeon’s  egg,  growing  in  connexion  with  the  ovary  and  l>road  liga- 
ment of  a child  four  years  of  age.  The  tumour  consisted  of  fibrous  tissue 
arranged  concentrically'  round  bilharzial  eggs  or  egg-shells.  The  child 
shewed  no  other  evidence  of  bilharziasis.  I have  only  seen  one  case  in 
which  the  female  urethra  was  attacked. 

Among  the  i-arer  sites,  living  worms,  coupled,  have  been  found  in  the 
polvpoid  growths  of  the  rectum,  descending  colon,  and  in  outgrowths  from 
the  intestinal  peritoneum.  Eggs  have  occasionally  been  discovered  in  the 
skin,  but  only  in  waits  on  the  perineum ; sometimes  in  the  mesenteric 
glands ; in  the  blood  of  the  heart  (Griesinger) ; in  the  pancreas  and  in 
the  stomach  (Goebel) ; Mr.  F.  Milton  found  them  in  a case  of  multiple 
superficial  sinuses  in  the  sacral  region  of  a boy  who  had  apparently 
no  infection  in  his  I’ectum  or  bladder,  and  Dr.  Madden  has  reported 
bilharzial  infection  of  the  omentum  and  parietal  peritoneum. 

Symptoms. — The  incubation  is  uncertain,  but  seems  to  vary^  from 
three  to  six  months : it  is  difficult  to  fix  it  with  any  accuracy,  for  the 
parasite  is  sometimes  present  in  the  human  body  for  six  months  or  longer 
without  producing  any  syunptoms.  Slight  hoematuria  is  the  first  sign 
which  attracts  the  attention  of  the  male  patient,  but  in  the  girl  this 
symptom  may  lie  confused  with  disordered  menstruation.  Stains  are 
first  noticed  on  clothes,  and  then  a few  drops  of  blood  are  passed  at  the 
end  of  urination.  This  luemorrhage,  with  a slight  pricking  sensation  at 
the  prepuce  or  at  the  root  of  the  penis,  is  almost  diagnostic  of  the  disease, 
and  is  caused  l>y  the  contracting  bladder  at  the  end  of  urination  bursting 
some  of  the  capillaries  filled  with  the  sharp-spined  eggs.  At  an  early 
stage  of  the  disease  the  urine  jiassed  before  the  final  contraction  of  the 
bladder  is  (juite  normal ; but  if  the  after-coming  blood  be  examined,  or  if 
the  whole  of  the  urine  be  centrifuged  or  allowed  to  stand  in  a conical 
vessel,  the  microscope  reveals  red  blood-cells,  leucocytes,  epithelial  cells, 
and  bilharzia  eggs  entangled  in  mucus.  The  hsematuria  is  increased  after 
any  excess  of  fatigue,  eating,  or  alcoholic  drinking,  or  after  any'  injury 
such  as  a fall.  Riding,  running,  bicycling,  and  walking  long  distances  are 
all  bad.  The  individual  next  finds  micturition  more  frequent,  a little 
back-ache,  and  general  lassitude,  but  in  countries  where  the  disease  is 
endemic  such  indistinct  symptoms  never  cause  the  patients  to  seek  medical 
advice. 

It  may  again  be  pointed  out  that  the  adult  parasites  are,  so  far  as  we 
know,  harmless  in  themselves ; it  is  the  elimination  of  the  thousands  of 
eggs  deposited  by  each  female  which  produces  the  symptoms  and  com- 
plications of  this  disease.  The  hmmaturia  can  of  course  only  be  caused 
by  deposit  of  eggs  in  the  mucous  membrane  of  the  bladder,  while,  if  the 
deposit  is  in  the  rectum,  the  symptoms  will  be  mistakeu  by  the  patient, 
and  perhaps  by'  the  medical  attendant,  for  those  of  piles  or  dy'sentery. 

An  intelligent  patient,  on  being  cross-examined,  can  generally  describe 
some  local  pain  or  discomfort,  though  the  site  varies  : it  is  sometimes  felt 
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in  the  buttocks,  the  front  of  the  thighs,  or  the  perineum,  and  in  more 
advanced  cases  there  is  gcjierally  distinct  pain  in  the  inguinal,  hypo- 
gastric, and  sacral  regions. 

The  symptoms  of  vesical  irritation,  gradually  going  on  to  cystitis, 
are  increasing  frequency  of  micturition,  a feeling  of  not  having  emptied 
the  bladder,  scalding  and  pain  in  the  perineum  and  in  the  lumbar  region. 
Simple  cystitis  occurs  Avhen  the  mucous  membrane  of  the  bladder  has 
become  thickened  b}?  the  deposit  of  eggs  in  raised  sandy  patches  with 
early  fibrosis.  Infective  cystitis  is  a common  complication,  being  the 
result  of  micro-organisms  which  have  been  introduced,  with  or  without 
instruments,  from  the  urethra  into  the  bladder ; for  when  once  the 
bilharzia  patches  in  the  bladder  have  become  large,  there  is  no  complete 
contraction  of  this  organ,  and  therefore  the  urine  constantly  diibbles. 
In  the  final  stages  numerous  papillomas  in  the  bladder,  with  sloughing 
from  their  ulcerated  surfaces,  may  cause  such  severe  tenesmus  that  the 
patient  can  only  get  relief  by  grasping  the  root  of  his  penis.  In  adult 
patients  an  enlarged  prostate  adds  to  all  their  troubles. 

The  early  symptoms  of  rectal  cases  are  an  increased  secretion  of 
mucus  and  some  straining,  followed  by  relaxation  of  the  sphincter  and 
prolapse,  due  to  the  formation  of  papillomas.  AVhen  the  mucous  membrane 
near  the  sphincter  is  infiltrated  with  patches  of  eggs  and  fibrosis,  the 
symptoms  are  sufficiently  like  chronic  dysentery  to  deceive  those  un- 
acquainted with  the  two  diseases.  In  the  worst  cases,  huge  polypi  arc 
formed  with  ulcerating  sloughs ; and  the  patient,  as  in  cases  with  similar 
changes  in  the  bladder,  dies,  exhaxisted  by  pain  and  constant  tenesmus. 
Stricture  never  occurs,  though  there  is  often  great  difficulty  in 
defecation. 

Letulle  has  described  an  instructive  case  which  is  worth  quoting 
briefly,  because  of  the  oversight  in  diagnosis.  A chemist,  aged  68, 
who  had  always  lived  in  ^Martinique,  went  to  Paris,  whei-e  he  con- 
tracted pulmonary  tuberculosis,  for  which  he  was  admitted  to  a 
hospital  in  December  1903.  It  then  appeared  that  for  some  years 
he  had  suffered  from  a chronic  disease  of  the  rectum,  characterised 
by  d^'senteric  diarrhoea  and  a constant  fetid  discharge  of  blood 
and  mucus  from  the  anus.  This  disease,  both  in  Martinique  and 
in  Paris,  was  diagnosed  as  an  inoperable  cancer,  because  the  man  was 
emaciated  and  cachectic  and  the  lower  pai  t of  the  rectum  was  extremeh' 
hard  and  immovable.  But  by  .some  oversight  neither  the  ficces  nor  the 
rectal  dischaige  were  microscopically  examined.  One  month  after 
admis.sion  to  the  hospital  the  patient  died  of  exhaustion,  and  the  rectum 
was  found  at  the  autopsy’  to  be  the  seat  of  advanced  bilharzial  infiltration. 
There  was  a general  hyperplasia  of  the  walls  of  the  whole  rectum  and 
lower  portion  of  the  descending  colon,  with  some  ulceration  and  a few 
]>a])illomas.  Countless  typical  eggs  and  egg  shells  were  found  Imried  in 
the  muscular  coat,  and  in  some  instances  pliagocytes  were  seeii  invading 
the  foreign  bodies;  the  Lieberkiihn’s  crypts  were  double  the  normal  size, 
and  the  veins  of  the  submucous  tissue  were  affected  by  endophlebitis. 
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but  not  those  of  the  muscular  coat.  The  bladder,  ureters,  and  prostate 
were  unaffected. 

The  CiUjim  is  the  part  most  affected  in  the  female  sex,  the  symptoms 


Fig.  165. — Pedunculated  labial  tumour  due  to  Sclustosomum  hominis.  (Madden.) 


Fig.  166.— Papilloma  of  c -rvix  uteri  due  to  SchUlosomum  hominis.  (Madden.) 

being  first  those  of  .subacute  vaginitis,  the  cause  of  which  is  usually  not 
recognised  ; later,  the  mucous  membrane  becomes  thickened,  especially 
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on  tho  posterior  wall,  ami  eventually  a growth  may  protrude  from  the 
lahia  majora  not  unlike  ejhthelioma  in  appearance.  After  the  vagitia,  the 
vulva  and  cervix  uteri  are  most  likel}’  to  be  affected  in  addition  to  the 
bladder.  J)r.  Madden  has  rej)orted  some  typical  cases  in  the  llecords  of  the 
Kmiptiaii  Gorenment  School  of  Medicine,  vol.  ii.  (see  Figs.  165,  166,  p.  876). 

big.  165  shews  a tumour  in  a girl  aged  12,  which  was  said  to  have 
been  present  four  years.  “ It  presented  an  appearance  like  that  of  a firm 
cauliHower  mass  of  venereal  warts,  and  on  close  examination  it  was  found 
that  the  bulk  of  the  tumour  was  attached  by  a broad  ])cdicle  to  the  left 
labium,  while  a smaller  piece  was  growing  from  the  right  labium.  The 
orifice  of  the  urethra,  the  whole  of  the  vagina  and  the  rectum  were  quite 
free  from  any  signs  of  bilharzial  growth,  but  ova  were  found  in  the  urine. 
On  taking  a small  piece  of  the  mass  and  rubbing  the  cut  surface  on  a 
glass  slide,  eggs  were  found  in  the  smear.  The  masses  were  freely  re- 
moved by  elliptical  incisions  around  their  bases,  and  on  cutting  through 
the  pedicle  of  the  larger  mass  several  adult  bilharzia  worms  were  seen 
and  picked  out  on  the  point  of  a scalpel,  while  others  were  present  in  the 
subcutaneous  fatty  tissue  beneath  the  pedicle”  (Madden).  This  is  an 
instance  of  invasion  of  the  bladder,  vulva,  and  skin,  while  in  another 
case  reported  by  Dr.  ]\Iadden  the  whole  vagina  was  filled  with  bilharzia 
papillomas,  though  the  cervix  of  the  uterus  was  unaffected.  It  must  be 
remembered  that  even  in  cases  in  which  the  vulva,  vagina,  and  uterus  are 
all  attacked,  and  where  living  worms  can  be  picked  out  of  the  bilharzia 
tissue  during  removal,  there  may  be  uo  eggs  in  the  urine  nor  other 
evidence  of  disease  in  the  bladder. 

Fig.  166  represents  a bilharzia  papilloma  growing  from  the  posterior 
lip  of  the  cervix  of  the  uterus  of  a comparatively  young  woman.  She 
had  noticed  some  irritation  in  the  vagina  for  six  years,  since  the  date  of 
her  last  pregnancy,  with  occasional  discharge  of  whitish,  watery  fluid, 
very  often  mixed  with  blood.  “ On  examination  a large  cauliflower- 
like growth  was  seen  projecting  from  the  posterior  lip  of  the  cervix  of  the 
uterus,  the  base  of  the  mass  running  iip  to  about  the  middle  of  the  cervical 
canal.  The  uterus  was  not  enlarged,  and  was  freely  movable  ” (Madden). 

No  clinical  symptoms  can  be  referred  to  bilharzial  infection  of  the 
lungs  or  liver,  but  in  Egypt  it  is  recognised  that  bilharzial  cirrhosis  can 
sometimes  produce  ascites. 

Blood  E.caminaiion. — Even  after  the  disease  has  existed  for  several 
years,  there  is  no  great  aruemia,  and  if  a bilharzia  patient  is  found  to  be 
extremely  pale  it  is  probable  that  he  is  also  suffei’ing  from  ankylostomiasis. 
The  blood  of  bilharzia  patients  is  found  to  flow  slowly  ; there  is  a slight 
loss  of  haemoglobin,  say  to  85  per  cent,  with  a .slight  decrease  of  the  red 
cells,  perhaps  to  four  millions.  Leucocytosis,  if  present,  is  caused  by  the 
complications  of  the  disease.  There  is  nearly  always  an  increased  number 
of  eo.sinophils,  sometimes  rising  to  52  per  cent;  the  average  of  several 
cases  was  16  per  cent  (Kautsky). 

Mortality.— Oi  1684  cases  treated  in  the  Alexandria  Deaconesses’ 
Hospital,  5'8  per  cent  died. 
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Complications. — The  thickened  bladder  may  be  so  distinct  that  it 
can  be  felt  like  a small  cricket-ball  abov'e  the  pubes,  and  occasionally 
hicmorrhage  into  the  bladder  may  produce  a solid  clot  which  blocks  up 
the  whole  (jrgan,  so  that  a catheter  draws  nothing  off,  and,  uidess  relieved 
by  operation,  the  patient  dies. 

Cakali  in  the  bladder  are  the  best-known  sequels,  and  though 
opinions  differ  as  to  whether  bilharzia  eggs  form  a nucleus  of  some  of 
the  calculi,  as  is  sometimes  stated,  it  must  be  conceded  that  they  are  the 
indirect  cause.  About  150  patients  suffering  from  stone  still  come  every 
year  to  Kasr  el  Ainy  Hos2)ital,  and  in  all  of  them  bilharzia  eggs  are  either 
still  })resent  in  the  urine  or  there  is  a histoiy  of  recent  evidence  of  the 
parasite.  Moreover,  most  of  these  stones  have  been  foi’med  in  the  bladder, 
not  in  the  kidney.  The  few  stones  that  have  been  examined  microscoihc- 
ally  have  shewn  no  trace  of  eggs,  but  it  is  quite  po.ssible  that  the  stone 
originates  in  a slough  from  the  bladder,  which  may  or  may  not  contain 
eggs.  The  symijtoms  of  calculus  are  masked  by  the  cystitis,  but  the  stone 
greatly  aggravates  the  patient’s  sufferings,  and  he  gets  no  relief  imtil 
lithotrity  has  been  jjerformed.  In  the  later  stages  of  the  disease  the 
stones  are  formed  of  phosjihates,  and  being  soft  are  not  so  {:>ainful,  and 
are  sometimes  difficult  to  diagnose  from  j)atches  of  rough  mucous  membrane 
of  the  bladder  encrusted  with  jihosjdiatic  dejiosit.  Though  large  stones 
weighing  from  20  to  35  ounces  are  now  very  rare  in  Egypt,  those  still 
seen  occur  almost  entirely  among  males,  and  their  geograjihical  distribti- 
tion  corresponds  with  that  of  bilharzia  disease. 

Urinary  Jinfiche,  originating  in  the  roof  or  the  floor  of  the  urethra, 
are  another  very  serious  complication  among  men.  In  the  roof-cases  the 
symptoms  are  mild  until  a subcutaneous  abscess  forms  in  the  j)crineuni, 
from  which  there  discharges  a little  pus  containing  eggs.  The  fistida  has 
now  formed,  and  makes  no  attem^it  to  heal ; it  may  be  recognised  by  one 
or  more  sinuses  in  the  perineum  or  the  j)osterioi’  ^xirt  of  the  scrotum,  or 
even  on  the  pubes  or  the  thighs,  but  always  away  from  the  direct  line 
of  the  urethra.  In  the  flooi-cases,  which  are  much  more  seriovrs,  the 
opening  is  generally  in  the  perineum  ; but  it  may  be  in  the  j^enis,  in  front 
of  the  scrotum,  and  is  always  in  the  direct  line  of  the  urethra ; the  skin 
is  e.xtensively  adherent  and  thickened,  and,  with  the  urethra,  becomes  a 
sharply  defined  mass  of  stony  hardness,  the  meatus  being  nari'ow  and 
scarred,  with,  perhaps,  thin,  unhealthy  jms  oozing  fiom  it.  Many 
l)atients  do  not  applv  for  treatment  until  an  ulcer  has  formed,  followed 
b}’-  a ])eri-ui'ethral  abscess  and  a stricture.  About  18  per  cent  of  bilharzia 
patients  in  the  suigical  wards  of  a hospital  arrive  with  a fistula  in  the 
perineum. 

Fistula  in  ano  is  a rare  complication  of  bilharzia  of  rectum. 

Carcinoma  is  also  rare,  and  it  is  sf)mcwhat  suiq)rising  that  it  does  not 
more  often  develop  in  the  bladder  and  its  neighbourhood. 

Diagnosis. — The  disease  in  the  bladder  can  1)e  detected  by  the  dro|)S 
of  blood  ])assed  at  the  end  of  urination,  and  by  the  eggs  found  in  the 
<leposit  of  urine  which  has  been  centrifuged  or  allowed  to  stand  for 
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a few  hoiii's.  If  no  eggs  can  be  found  in  a suspected  case  in  this  way 
or  ill  tlie  after-coming  blood,  tlie  total  quantity  of  urine  jiassed  in  the  2-f 
hours  must  be  centrifuged,  or  a catheter  must  be  passed  and  the  few 
drops  of  urine  remaining  in  the  instrument  examined.  I’he  dia- 
gnosis between  simple  cystitis  and  cystitis  complicated  by  calculus 
can  only  be  made  by  examination  with  the  sound.  A peri-urethral 
abscess  due  to  a fistula  in  the  floor  of  the  urethra  may  imitate  impaction 
of  a calculus  in  the  urethra,  but  in  bilharziasis  there  is  a continuous 
escape  of  pus  from  the  meatus ; the  meatus  has  a scarred,  glazed, 
narrowed  appearance  ; and  the  urethra  is  palpable  and  very  hard  all  the 
way  from  the  swelling  to  the  meatus.  In  case  of  doubt,  a sound 
must  be  passed  down  the  urethra.  The  discharge  about  the  meatus  and 
glans  penis  is  sometimes  mistaken  for  gonorrhtea. 

It  must  always  be  liorne  in  mind  that  eggs  are  sometimes  found  in 
the  feces  though  absent  from  the  urine ; and  1 may  perhaps  be  allowed 
to  remind  students  that  in  the  investigation  of  tropical  diseases  the 
microscopical  examination  of  the  fa'ces  is  quite  as  important  as  that  of 
the  urine.  Kectal  tenesmus  can  be  distinguished  from  symptoms  of 
dysentery  by  remembering  that  dysentery  comes  on  suddenly,  with 
diari'hoea,  fever,  coated  tongue,  and  pain  over  the  descending  colon,  while 
in  bilharzial  ])roctitis  eggs  will  be  found  in  the  blood  and  mucus  passed 
from  the  rectum,  and,  on  examination  with  the  finger,  a definite,  hard 
roughness  or  polypoid  excrescences  can  l)e  felt  above  the  sphincter. 

Bilharzial  cirrhosis  cannot  be  recogrused  until  the  ordinary  causes  of 
ascites,  such  as  syphilis,  alcohol,  cancer,  malaria,  and  si)lenic  amnmia 
are  excluded. 

In  the  case  of  tumours  of  the  female  genital  organs,  it  is  better  to 
sni],)  off  a piece  of  the  growth  and  search  for  eggs  under  the  microsco})c, 
ami  so  avoid  the  mistake,  which  has  been  made,  of  treating  the  grow’th 
as  an  epithelioma. 

Prognosis. — The  female  worm,  during  its  prolonged  period  of  couj)- 
ling,  is  capable  of  laying  an  enoianous  numbcT-  of  eggs,  but  there  is  no 
means  of  determining  how'  many  female  worms  are  present  in  the  body 
of  any  given  patient.  We  can  only  surmise  that  individuals  in  Egypt 
are  infested  by  a much  greater  number  of  w^orms  than  is  the  case  in 
South  Africa ; Init  definite  pathological  infoi-mation  on  this  point  is 
urgently  needed  from  the  Cape  and  other  parts  of  the  world.  At  ]>re- 
sent  we  can  oidy  assume  that  the  more  eggs  in  the  excreta  the  w’orse  the 
prognosis.  The  thoroughly  infected  Egyptians  die  a miserable  and 
painful  death  from  exhaustion  and  debility  aided  by  urtemia  from  ach’ajiccd 
kidney  disease.  But,  on  the  other  hand,  I know'  some  educated  Egyptians, 
more  than  50  years  of  age,  w'ho  state  that  they  have  had  slight  bil- 
hai-ziasis  since  boyhood  wdthout  any  very  ill  effects  ; but  as  they  have 
ahvays  lived  in  Egypt  it  is  impossible  to  tell  how'  often  they  may  have 
been  re-infected.  Europeans,  after  leaving  Egypt,  have  been  known  to 
pass  living  eggs  in  their  urine  for  fourteen  years,  but  their  symptoms 
have  not  prevented  them  from  doing  a fair  amount  of  w'ork  (Lortet). 
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I believe  that  in  most  cases  of  ordinary  bilharzia  infection  tlie  symijtoins 
pass  off  within  four  years  aftei'  leaving  the  countiy  in  which  the  disease 
was  contracted. 

On  the  other  hand,  Lawson  found  blood  and  bilharzia  eggs  in  the 
urine  of  a groom  who  had  contracted  the  disease  in  Egypt  in  18S.5,  but 
had  not  been  out  of  England  for  the  intervening  eighteen  years.  His 
belated  symptoms  were  apparently  caused  by  some  severe  riding  lessons 
he  had  recently  taken.  It  is  not  stated  whether  the  eggs  contained 
living  miracidia.  Dr.  (4inllemard,  in  his  intere.sting  article  on  this  subject 
in  the  first  edition  of  this  Sysfeia  (vol.  ii.  p.  1100),  also  writes  of  a case 
in  England  “in  Avhich  the  patient  sufi'ered  from  a severe  attack  eighteen 
years  from  the  onset  of  the  disorder,  which  had  been  in  abeyance  for 
some  years.” 

If  we  turn  for  information  to  the  longevity  of  other  endoparasitic 
ti-ematodes,  we  find  that  the  overwhelming  majority  of  species  live  about 
one  year  or  a little  longer,  but  there  are  some  whose  life  e.Ytends  to  many 
years  (Hraun). 

Treatment.  — No  method  has  as  yet  been  discovered  of  killing  the 
worms  in  the  human  body ; the  ordinary  vermifuges  are  useless,  and  no 
injections  into  the  bladder  or  rectum  have  met  with  success.  The  licpiid 
extract  of  male  fern,  in  doses  of  15  minims  three  times  a da}',  is  the 
only  drug  of  known  value,  for,  though  it  does  not  expel  the  ]>arasites,  it 
seenrs  to  weaken  their  power  of  doing  harm : it  diminishes  ha.uuaturia, 
allays  vesical  irritation,  and  reduces  the  number  of  eggs  passed  in  the 
urine  and  ficces.  But  it  must  not  be  eoutinued  for  more  than  two  weeks 
at  a time,  or  toxic  symptoms  may  occur,  such  as  giddiness,  headache, 
pain  in  the  eyes  and  epigastrium,  singing  in  the  ears,  and  vomiting,  all 
of  which  symptoms  I have  observed.  With  the  exception  of  this  empiric- 
remedy,  we  must  be  content  to  treat  the  disease  symptomatically. 

Methylene  blue,  3 grains  in  a capside  given  once  or  twice  a week, 
is  of  no  curative  value,  Init  is  sometimes  useful  as  an  analgesic  for  great 
tenesmus ; in  advanced  cases  it  may  be  given  to  test  the  efficiency  of 
the  excretory  powers  of  the  kidneys  (renal  })ermeability). 

Hccmostatic  injections  for  ha3maturia  are  unscientific  and  dangerous 
and  must  never  be  employed,  but  early  cystitis  is  benefited  by  washing 
out  the  bladder  with  boracic  acid  or  boroglyceride.  Salol,  benzoic  acid, 
urotropin  (15  grains  t.d.  in  plenty  of  water),  and  helmitol  (15  grains  t.d.) 
are  all  of  use  in  cystitis.  Bectal  cases  can  be  treated  with  suppositories 
of  belladonua,  or  with  enemas  of  starch  and  opitmi  or  of  sulphate  of 
coppei’.  Enemas  of  infusion  of  quassia  have  been  recommended  in  order 
to  get  the  worms  away  from  the  papillomas.  The  rectal  tenesmus  is 
almost  entirely  caused  l)v  bilharzial  growths,  fibrous  or  polypoid,  in  the 
neighbourhood  of  the  sphincters,  so  that  much  temporary  relief  can  be 
given  by  cutting  away  the  mucous  membrane  al)Ove  the  anus  and  .stretch- 
ing the  sphincters,  after  which  it  is  advisable  to  dab  the  wound  with  a 
solution  of  chloride  of  zinc  (1  in  10)  and  then  wash  it  thoroughly  with 
saline  solution.  Severe  cases  of  prolapse  should  be  treated  by  lineal 
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fauU-iy,  and,  if  that  fail,  b}-  oxcisioii,  if  jwssiltlo  preserving  the  sphincters, 
lifowth.s  from  the  female  genital  organs  should  be  excised.  'I’lic  treat 
ment  of  complications  is  jmrely  surgical,  ami  for  that  I must  refer  readers 
to  i\lr.  F.  -Milton’s  various  papers. 

Prevention.  — Until  the  way  in  which  the  parasite  gains  entry  into  the 
human  body  isccrtaiidy  established,  it  is  impossible  to  legislate  on  this  sub- 
ject ; but  enough  has  been  said  to  shew  that  bathing  or  paddling  in  infected 
and  stagnant  water  is  more  dangerous  than  drinking  muddy,  unfiltered 
water,  or  eating  salads  and  uncooked  vegetables.  Patients  should  be 
compelled  to  evacuate  their  excreta  into  dry  eailh  or  sand,  in  which  the 
miracidia  cannot  hatch,  and  not  into  water,  which  is  the  favoural)le 
medium  for  development.  Miracidia  are  most  surely  prevented  from 
hatching  by  formalin  (1:160),  less  efficiently  by  perchloride  of  mercury 
(1 : 1000),  or  carbolic  acid  ( 1 :20).  Should  an  imported  case  be  introduced 
into  a tropical  country  where  the  disease  is  indviiown,  and  where  condi- 
tions for  its  spread  are  favourable,  the  greatest  care  must  be  taken  to 
keep  the  f.eces  or  urine  of  the  ixitient  dry  and  away  from  water,  in  order 
to  prevent  diffusion  of  the  infection. 

Schistosomum  japonieum  Katsurada  1904. — (Synonym:  Schisio- 
intiiiii  cattoi  Blanchard  1904.)  — In  April  1904  this  worm  was  dis- 
covered by  Professor  Katsurada,  of  Okayama,  and  independently 
a little  later  by  Dr.  Catto,  in  sections  from  a fibrous  growth  near 
the  vermiform  ajjpendix  of  a Chinaman  (from  Fukien)  who  died 
of  cholera  at  Singapore.  For  some  years  the  Japanese  physicians 
had  observed  in  the  provinces  of  Yamanashi,  Hiroshima  (Central  Japan), 
and  Saga  (in  Kiushu,  North-West  Island)  a strange  endemic  dis- 
ease characterised  by  enlargement  of  the  liver  and  spleen,  cachexia, 
ascites,  and  diarrluea,  with  a discharge  of  mucus  and  blood.  At  the 
autopsy  of  such  cases,  eggs  of  an  unknown  worm  w'ere  found  in  the  liver 
and  some  other  organs.  Katsurada  was  struck  with  the  resemblance  of 
the  egg,  containing  a miracidium,  to  that  of  Schistosomum  heematohium, 
and  determined  to  examine  the  cats  and  dogs  of  the  endemic  areas, 
because  he  had  already  found  that  some  trematodes  infecting  man  were 
also  present  in  dogs  and  cats.  In  two  cats  from  Yamanashi  he  found 
many  of  the.se  w'orms  in  the  portal  and  mesenteric  veins,  besides  eggs  in 
the  liver  and  the  walls  of  the  large  intestine.  He  also  had  the  ojjpor- 
tunitv  of  studying  twelve  human  cases,  and  in  the  beces  of  five  of  them 
he  found  the  eggs ; he  also  found  eggs  in  three  ca.ses  in  the  liver,  and  in 
one  case  in  the  large  intestine,  but  never  in  the  bladder.  Dr.  Stiles,  of 
M'ashington,  writes  to  me  that  he  has  seen  Sclmtosomnm  japonieum  in  a 
case  from  China  and  in  another  from  the  Philippines.  This  parasite  in 
Asia,  therefore,  seems  to  be  the  analogue  of  the  original  Schistosomum  of 
.Africa,  but,  cuiiously  enough,  does  not  seem  to  affect  the  urinary 
jwssages.  In  Dr.  Catto’s  case  the  bladder  was  thickened  where  ad- 
hesions ha<l  formed  with  the  rectum,  but  with  this  exception  the 
organ,  including  its  mucous  membrane,  was  quite  healthy. 

The  distinctive  characteristics  of  this  new  trematode,  as  compared 
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with  the  older  A'uriety,  iire  its  smaller  dimensions,  the  larger  size  of  its 
posterior  sucker  as  compared  with  the  anterior  sucker,  the  smooth  surface 
of  the  body  of  the  male  worm,  which  is  quite  devoid  of  tubercles ; the 
eg^s,  which  are  destitute  of  spines  j and  the  fact  that  it  infects  cats  iii 
dapan.  According  to  Katsurada,  the  average  measurement  of  eight  males 
is  10-43  mm.,  his  specimens  from  cats  varying  from  7 to  12  mm.  Only 
a few  females  were  found  uninjured,  measuring  from  8 to  12  rnni. 
He  thinks  that  the  worm  when  inhabiting  man  ought  to  grow  for  a 
longer  time,  and  therefore  should  be  larger.  Dr.  Catto  is  unable  to 
decide  whether  the  adult  worms  occupy  the  arteries  or  the  veins,  but 
believes  that  they  occur  in  both.  The  eggs  (Fig.  167)  are  oval,  measur- 


Kio.  n>7. — Eggs  .soeii  in  .section  of  Cliinuinan's  vermiform  appendix  (Catto). 

ing  between  0'06  and  0'09  mm.  in  length  and  0‘03  to  0’05  mm.  in 
breadth.  The}’’  have  a stout,  smooth  shell  without  any  trace  of  ti  spine, 
and  in  the  cases  reported  by  Katsurada  and  Bayer  (from  China)  the  ovum 
contained  a miracidium.  In  Dr.  Catto’s  case  the  eggs  of  the  worm  were 
found  chiefly  in  the  intestinal  tract  and  its  appendages,  iidiabiting  the 
gut  from  the  ctecum  to  the  anus  in  two  layers — the  one  subperitoneal, 
where  the  eggs  were  scarce ; the  other  in  the  submucous  coat,  where  they 
were  very  numerous.  The  rectum  and  appendix  contained  the  greatest 
number  of  eggs,  while  they  were  numerous  in  the  liver,  lying  singly  or 
in  clusters  embedded  in  the  thickened  fibrous  connective  tissue.  He 
also  found  eggs  in  the  enlarged  mesenteric  glands,  in  the  outer  wall  of 
the  gall-bladder,  in  the  pancreas,  in  the  capsule  of  the  livei-,  and  in  the 
fibrous  coat  of  the  larger  mesenteric  vessels.  Now  that  this  parasite  has 
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t been  deHiiitdy  described,  more  information  as  to  the  symptoms  it  causes 
I will  probal)ly  be  forthcoming,  and  from  their  investigation  advances  may 
( ])ossibly  l)e  made  in  the  cure  of  patients  with  bilharziasis. 

1 F.  ]\I.  Sandwith. 


PiiYiA'M  11. — Nemathelminthes 

I Ity  Sir  r.vriiicK  Mansu.n,  K.C.M.U.,  M.D.,  F.K.S.,  aiul  A.  K.  Shiim.ky,  -M.A.,  F.K.S. 

( 'lass  1 . — X ?;iMATOI)A 

I he  nematodes  are  long,  slender,  cylindrical  animals  with  bodies 
which  taper  towards  both  ends,  at  one  of  which — the  anterior — is  ])laced 
the  mouth  ; at  or  near  the  other — the  posterioi- — the  anus. 

They  are  covered  with  a cuticle,  often  ti’ansvcrsely  striated  and 


Fio.  lOS. — A transverse  section  tlir(>u;rli  the  bo<]y  of  Ascaris  transfuria  Knd.,  in  the  region  of  tlie 
(esophagus.  It.  the  nuiscuiar  o'.so])hagns  witli  its  trinidiale  lumen  ; //,  t.lio  cuticle  : c,  the  suIj- 
cuticle ; rl,  the  muscular  layer  ; e,  the  lateral  nerves  running  in  the  lateral  line  ; /,  the  excretory 
canal  ; g,  the  dorsal,  and  li,  the  ventral  nerve  : f,  the  triradiate  rod  in  the  lin. 

sometimes  consisting  of  several  layers.  The  cuticle  is  shed  from  time 
to  time,  as  a caterpillar  sheds  its  skin,  and  it  pl.ays  an  important  part  in 
the  economy  of  the  roundworms.  Beneath  the  cuticle  is  a nucleated 
syncytium,  and  beneath  this  again  a muscular  layer.  These  three  layers 
form  a body-wall,  which  encloses  a body-cavit}^,  in  tvhich  lie  the  long 
straight  alimentary  canal,  and  the  long  and  usually  much  convoluted 
ovary,  uterus,  and  in  the  male  the  testis. 

The  mouth  is  sometimes  provided  with  papilla',  .sometimes  with  hooks; 
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sometimes  it  is  simple.  The  short  (esophagus  is  generally  marked  off 
from  the  intestine  by  a constriction,  or  by  a bulb.  In  some  forms  the 
alimentiuy  canal  is  aborted  in  certain  stages. 

The  female  organs  of  generation  consist  of  a pair  of  tubes,  rarely  of 
one  tube  only,  at  the  upper  end  of  which — the  ovarian  tubules — the 
ova  originate ; lower  down  fecundation  is  effected  ; lower  still  the 
ova  are  provided  Avith  yolk  and  vitelline  membrane,  and  assume  their 
characteristic  appearance.  The  tAvo  uterine  tubes  unite  to  form  a short 
vagina  Avhich  opens  on  the  ventral  surface,  usually  about  the  junction  of 
the  anterior  third  of  the  body  Avith  the  posterior  tAvo-thii'ds,  more 
rarely  posteriorly. 

The  male  nematodes,  readily  recognised  by  their  inferior  size  and 
often  by  their  strongly  curved  tails,  have  Init  a single  testis,  a long  tube 
filled  Avith  non-flagellated  .spermatozoa.  This  ojAens  by  a vas  deferens 
into  the  terminal  portion  of  the  intestine — the  cloaca.  In  the  Avails  of 

the  cloaca,  lodged  in  an  im  agination,  are  usually  one  or  tAvo  sijicula — 
long  chitinous  I’ods  Avhich  can  be  protracted  or  retracted  ; these  are  used 
during  copulation.  In  certain  families  the  tail  of  the  male  is  AAunged,  in 
others  it  is  expanded  into  a sort  of  umbrella-shaped  bursa,  in  others, 
again,  it  is  simple  in  structure  ■,  it  is  also  proA'ided,  both  in  front  of  and 
behind  the  anus,  Avith  a number  of  papillm.  These  characters  of 
the  tail  form  A^aluable  criteria  for  determining  species. 

Excretion  is  carried  on  by  tAvo  vessels  Avhich  course  along  the  sides- 
of  the  body — one  on  each  side — in  Avhat  is  knoAvn  as  “ the  lateral 
lines.’’  These  lines  are  naiTnAA-^,  longitudinal  thickenings  of  the  syncytial 
ectoderm  Avhere  the  muscular  part  of  the  body-wall  is  absent.  The 
tAvo  vessels  they  include  unite  anteriorly  and  open  by  a transverse  slit — 
the  e.xcretory  jAore — on  the  ventral  surface.  Eound  the  oesophagus  there 
is  a nerve-ring  Avhich  gives  off  longitudinal  cords,  the  tAvo  chief  lying  in 
the  mid-dorsal  and  mid-ventral  line. 

Unlike  Avhat  occurs  in  the  cestodes  and  usually  in  trematodes,  the 
sexes  in  the  nematodes  are,  AAuth  feAv  exceptions,  separate. 

Usually  ovipai’ous,  not  a fcAv  are  viviparous  or  ovo-viviparous. 
The  embryo  is  a long,  slender,  cylindrical,  eel-shaped  organism  Avhich, 
Avhile  in  ovo,  is  coiled  up,  but  Avhen  free  is  outstretched  and  exhibits 
active  movement.  Sometimes  it  gains  access  to  its  definitive  host 
directly ; usually,  hoAvever,  it  has  first  to  pass  through  a metamorphosis 
in  an  intermediate  host.  Certain  species  ])ossess  Avhat  is  knoAvn  as 
the  “free  rhabditis  form,”  AA^hich  Ha'cs  in  the  earth  or  mud.  The.se 
ai-e  called  heterogamous ; that  is,  they  present  a form  of  alternation  of 
generations  in  Avhich  both  stages  are  sexual  but  differ  in  character,  i.e. 
one  may  be  parthenogenetic  and  one  bisexual. 

Family  I. — Asearidae 

The  members  of  this  family  of  nematodes  are  characterised  by  their 
comparatively  stout  bodies,  and  b}'  the  possession  of  three  Avell-marked 
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lips  oaiTving  jmpilhv — one  lip  being  dorsal,  the  other  two  being  ventral 
and  meeting  in  the  middle  line.  The  (esophagus  has  a bull).  The  ovary 
is  paired.  Oviparous ; the  development  is  direct.  The  tail  of  the  male 
is  strongly  curved  and  carries  one  or  two  spicules.  Four  species  are 
parasitic  in  man,  and  all  of  them  in  the  intestine. 

i.  Asearis  lumbricoides  L.  1758  (Fig.  1G9)  (“The  Konnd  AVorm  ”), 
whose  usual  and  normal  habitat  is  the  upper  part  of  the  small  intestine, 
is,  with  one  rare  exception,  the  largest  of  the  nematodes  parasitic  in 
man.  The  male  worm  measures  1.5  to  25  cm.  in  length  by  about  .5  mm. 
in  breadth  ; the  female  20  to  40  cm.  by  5 mm.  Both  are  cylindrical  in 
shape,  and  taper  to  the  ends,  particularly  towards  the  head.  Close  to 
the  tail  the  bod}'’  is  somewhat  flattened  in  a ventro-dorsal  direction.  In 
colour  they  are  grey  or  pinkish  ; to  the  touch  they  are  firm  and  stiff. 
The  surface  is  glistening  and  polished,  and  is  marked  by  fine,  closely-set, 
transverse  ridges.  The  musculo-cutaneous  body-wall  is  so  trans2)arent 
that  the  coils  of  the  long  utei’ine  or  testicular  structures  can  be  discerned 
through  it  in  many  jdaces.  The  tail  of  the  female,  close  to  the  tip  of 
which  o})ens  the  two-lipped,  transA’crsely  disposed,  slit-like  anus,  is 
straight.  That  of  the  male  is  strongly  curved  in  a ventral  direction, 
two  spicules  usually  protruding  from  the  subterminal  cloaca.  On  the 
ventral  surface  of  the  tail,  and  extending  as  far  as  the  curve  extends, 
some  70  to  75  minute  jDapillfe  are  arranged  on  each  side  of  the  middle 
line.  Of  these  seven  j^airs  are  post-anal.  The  two  much  convoluted 
uterine  tidies  are  of  great  length — ten  to  fifteen  times  that  of  the  Avorm 
— and  occujiy  the  posterior  two-thirds  of  the  body.  They  unite  to  form 
a short  vagina  Avhich  opens  ventrally  some  distance  behind  the  head. 
The  excretory  canals,  lying  in  the  lateral  lines,  unite  and  ojicn  a .short 
distance  behind  the  mouth.  The  three  jiajiillaj-bearing  lijis  characteristic 
of  the  family  are  very  well  marked. 

The  ova  (0’05  to  0'07  mm.  by  0'04  to  0'05  mm.),  of  which  the  uterine 
tubes  contain  many  millions,  are  ovoid,  spherical,  or  sometimes  barrel- 
shajied.  They  have  a rough  mammillated  surface,  a multiple  outline, 
and  granular  contents.  AAdiite  while  in  the  uterus  of  the  worm,  they  are 
stained  brown  by  the  bile  on  entering  the  intestine  of  the  host.  At  birth,  and 
for  a long  time  afterwards,  they  exhibit  no  sign  of  the  embryo  ; but  if  kept 
in  Avater,  in  the  light,  and  at  a summer  temperature,  an  embryo  of  the 
usual  nematode  character  is  developed  in  the  course  of  five  or  .six 
months.  Some  experimentalists  state  that  during  the  heats  of  summer 
the  embryo  may  be  developed  in  a coujde  of  Aveeks.  Desiccation  in 
.summer  and  freezing  in  Avinter  susjiend  development,  but  kill  neither 
ovum  nor  embryo.  AA’hen  fully  developed  the  embryo  still  remains  in 
the  egg  and  does  not  seek  to  escape  spontaneously.  It  Avill  remain  alive 
under  suitable  conditions  for  upAAvards  of  five  years.  On  the  ovum  being 
SAvalloAved  b}'’  the  definitive  host,  the  embryo  speedily  breaks  through  the 
shell  and  advances  so  rapidly  in  development  that  at  the  end  of  a month 
it  is  a sexually  mature  animal  giving  larth  to  croAvds  of  OA'a.  These  facts 
have  been  ju’oved  by  carefully  conducted  feeding  ex^icriments.  A on 


Fk;.  K')'.'. — Aiiairh  liimhri- 
coiilca,  female  (re(luce<l). 


Fio.  170. — /Iscoris  lumhri- 
coUhs  (5,  natural  size, 
cut  open  along  the  dorsal 
middle  line.  a,  oe.so- 
phagus  ; h,  intestine  ; c, 
tc.stes  ; (f,,  vas  deferens ; 
h,  lateral  exci-etory  canal. 
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Fio.  171.  — Asrarin  limhHcoii'c; 
9 , natural  size,  cut  oi)en  ah  iig 
the  median  dorsal  line  to  shew  the 
internal  organs,  a,  The  muscult  r, 
<esophagus  ; h,  the  intestine ; fT] 
the  ovary;  (?,  the  uterus;  c,  the 
vagina;  /,  the  external  ojx’ning, 
h,  the  excretory  canals;  i,  their 
opening. 
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Liiistow’s  suggestion,  that  a certain  myriapod — lulus  (/uttulatus — acted 
the  part  of  intermediate  host,  seems  therefore  to  be  snpcrHnons. 

Asairis  Inmbricoidf’S  is  cosmopolitan,  being  found  in  all  countries  from 
the  arctic  circles  to  the  tropics.  In  a general  way  it  may  be  said  to  be 
much  more  common  in  the  tropics  than  in  cooler  latitudes ; a great  deal 
de{)ends,  of  course,  on  local  conditions,  particularly  on  the  character  of 
the  water  and  vegetable  supplies,  and  their  liability  to  contamination  by 
faecal  matter  containing  the  ova  of  the  parasite.  As  a rule,  it  is  more 
frecpient  in  the  country  than  iii  towns,  in  children  and  young  people 
than  iu  adults  or  infants.  It  has  been  found,  however,  in  infants  only 
11  weeks  old,  and  in  old  men  up  to  78.  TiUnatics,  doubtless  from  their 
careless  or  filthy  halnts,  are  particularly  subject  to  ascarides. 

In  temperate  climates  one,  two,  or  up  to  ten  may  be  found  together 
iu  one  host ; but  in  the  tropics  twenty  or  thirty  are  not  uncommon, 
and  instances  of  hundreds  being  found  in  the  same  patient  are  far  from 


rare.  Perhaps  the  most  remarkable  case  on  record  is  one  published  by 
Fauconneaud)ufresne,  in  which  a boy  of  12  passed  over  5000  worms  in 
less  than  three  years — most  of  them  by  vomiting ; GOO  were  got  I'id  of 
in  a single  day. 

Although  the  small  intestine  is  the  usual  seat  of  these  worms,  not 
infrequently  they  wander  downwards  into  the  large  intestine  or  upwards 
into  the  stomach,  and  so  into  the  oesophagus,  and  out  by  the  mouth  or 
nostrils.  They  have  even  caused  death  from  suffocation  by  creeping  into 
the  glottis.  Cases  are  on  record  in  which  they  had  entered  the  Eustachian 
tubes  or  the  nasal  ducts,  finding  their  way  to  the  outside  by  the  external 
ear  in  the  one  case,  or  by  the  canaliculi  lacrimales  in  the  other.  A 
more  fre<[uent  occurrence  is  their  impaction  in  the  biliary  or  pancreatic 
ducts  ; in  these  situations  sometimes  several  worms  have  l)een  found 
together.  Thus  located  they  may  give  rise  to  grave  symptoms  from 
blocking  and  dilatation  of  the  ducts  ■,  even  abscess  of  the  liver  has 
resulted  from  such  an  invasion.  In  other  cases,  by  perforating  the 
intestine  round  worms  may  escape  into  the  peritoneal  cavity,  setting  up 
peritonitis ; more  especially  if  some  of  the  intestinal  contents  escape  along 


Fio.  172. — Eggof. l.iynns  him- 
bricoides  (x  about  400). 
Normal.  Light  to  dark 
yellow  iu  colour.  From 
Looss. 


Fig.  173.— Eggof  .4sc«i'(sL(m- 
bricoidex  (x  about  400). 
Abnormal.  Yellow  to 
brown.  From  Looss. 


Abnormal, 
brown.  F 
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with  the  worms.  In  some  instances  peritonitis  has  not  ensued ; in  the 
latter  cases,  and  also  in  many  of  the  cases  in  which  these  worms  were 
found  at  the  post-mortem  examination  in  the  air-passages,  it  is  not 
improbable  that  the  Avandering  did  not  take  jdace  till  after  the  death  of 
the  host.  This  post-mortem  wandering  may  he  correlated  to  the  curious 
fact  that  in  acute  disease,  and  as  death  approaches,  lound  worms  often 
exhibit  a disposition  to  fpiit  the  patient’s  body.  There  have  been  many 
instances  of  verminous  abscess  recorded,  particularly  as  affecting  the 
umbilical  region  in  children  and  the  groin  in  adults,  which  Avere  most 
probably  connected  Avith  the  imprisonment  of  ascarides  in  hernial  protru- 
sions of  the  boAvel.  The  kidney,  spleen,  pleura,  and  the  urinary  passages 
have  sheltered  strayed  specimens  of  these  parasites  at  times ; the}"  have 
even  escaped  by  the  urethra. 

Si/niptoms. — From  the  fact  that  in  many  countries  scarcely  an 
individual  up  to  middle  life  is  free  from  this  parasite,  it  is  manifest 
that  Ascaris  lumbricoides  does  not  necessarily  or  usually  giA"c  rise  to 
important  pathological  conditions.  Nevertheless,  there  are  good  grounds 
for  believing  that  at  times,  particularly  in  }"oung  children  and  in  others 
Avith  sensitive  nervous  sj^stems,  it  is  really  a cairse  of  more  or  less  grave 
reHex  or  direct  disturbance.  Thus,  it  appears  to  be  an  occasional  excitant 
of  convulsive  seizures  ; of  perversions  of  the  senses  of  sight,  smell,  hearing, 
ajul  taste  ; of  vertigo,  hysteria,  mental  disturbances,  dreams,  aud  so  forth  : 
at  all  events,  in  many  such  cases  these  morbid  symptoms  have  dis- 
appeared on  removal  of  the  parasites.  8uch  direct  effects  of  its  jAresence 
in  the  alimentary  canal  as  dyspepsia,  griping  pains,  nausea,  vomiting, 
irregular  action  of  the  bowels,  mucous,  membranous,  or  blood}'  stools, 
excessive,  defective,  or  perverted  appetite,  itching  of  the  nose  or  anus, 
malnutrition  and  anaemia,  are  A'ery  common  in  association  Avith  this 
parasite ; they  subside  at  once  on  the  successful  action  of  an  anthel- 
mintic. 

The  report  of  the  Jenner  HosjAital  at  Berne  (1890)  includes  the 
account  of  a case  in  Avhich  As.  lumbricoides  Avas  pi'cscnt  in  large  numbers. 
The  blood  shcAved,  before  the  expulsion  of  the  Avorms  by  santonin, 

2.480.000  red  cells,  Avhile  tAvo  Aveeks  afterAA^ards  the  red  cells  had  risen  to 

4.200.000  per  c.mm.  The  blood  often  also  sIicaa’s  an  eosinophilia  of 
greater  or  less  extent : Solley  reports  3.3  per  cent  in  one  case.  Boycott 
24  per  cent  and  2.5  per  cent  respectively  in  tAvo  other  cases.  Cases 
sheAving  no  marked  increase  of  these  cells  are,  hoAvever,  quite  common. 

Diannosis. — Failing  the  spontaneous  discharge  of  the  nematode  in  the 
stools  or  in  vomited  matters,  a dose  of  santonin  Avill  quickly  confirm  or 
negative  any  suspicion  of  their  presence.  AVhen  it  is  deemed  inadvisable 
to  give  this  drug  on  bare  suspicion,  a microscopic  examination  of  the  stools 
Avill  clear  up  the  diagnosis  at  once.  In  cases  of  ascaris  infection  the  number 
of  OA"a  is  so  prodigious  that  the  minutest  portion  of  faeces  is  nearly  sure  to 
contain  several  specimens.  To  examine  it,  all  that  is  necessary  is  to  express 
a small  portion,  not  larger  than  a big  pin’s  head,  if  necessary  moistened 
Avith  a little  Avater,  betAveen  a coA"er-glass  and  slip,  and  to  search  every 
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part  of  it  Avitli  a magnifying  power  of  sonietliing  under  100  diameters. 
If  the  stools  be  fluid  they  should  be  allowed  to  stand,  and  the  sedimeiit 
then  examined. 

Trctifmeuf. — Kound  worms  are  got  rid  of  at  once  by  the  administration 
of  santonin.  It  is  best  to  combine  it  with  a purgative.  A few  grains  of 
calomel  or  a dose  of  castor  oil  suffice.  A good  plan  is  to  give  half  a grain 
to  four  grains,  according  to  the  age  of  the  patient,  for  three  successive  nights 
at  bed-time,  and  on  the  mornings  following  the  first  and  third  doses  to 
exhibit  a dose  of  castor  oil.  In  the  tropics,  and  in  countries  in  which 
the  parasite  is  particularly  ]>rcvalent,  such  a course  of  santonin  may  be 
administered  to  children  twice  a year  with  great  advantage  to  their 
general  health.  When  prescribing  santonin  the  physician  should  warn 
the  ])aticnt,  or,  in  the  case  of  a child,  the  attendants,  of  the  effect  of  this 
drug  in  causing  temporary  discoloration  of  the  urine — a greenish-yellow 
tint  in  acid,  a red  or  purple  tint  in  alkaline  urine.  lie  should  also 
inform  them  of  the  effect  on  vision ; objects  appearing  some  hours 
after  the  dose  of  a blue  and,  later,  of  a yellow  colour ; and,  perhaps, 
finally,  temporary  loss  of  colour-vision.  Rarely  does  a medicinal  dose 
give  rise  to  serious  toxic  symptoms  such  as  aphasia,  tremors,  hallucina- 
tions, convulsions,  enfeebled  respiration,  slowing  of 
the  j)ulse.  Sometimes,  however,  these  symptoms  of 
intoxication  occur  after  santonin  : in  particular 

iiliosyncrasies  unnecessarily  large  doses  must  there- 
fore be  avoided. 

It  is  manifest,  from  what  has  been  said  about 
the  life-history  of  the  parasite,  that  a pure  water- 
supply  is  the  l)est  prophylactic.  Where  this  cannot 
be  secured  all  drinking-water  should  be  boiled. 

Similarly,  wherever  the  nature  of  the  fertilisers 
employed  by  market  gardeners  is  not  beyond  suspicion, 
all  vegetables  should  be  cooked  or  well-washed  in 
boiled  water. 

ii.  Asearis  eanis  (Werner)  1782. — (Synonyms: 

Lvmhricus  amis  Werner  1782,  As.  teres  Goeze 
1782,  As.  aiti  et  canicuke  Schrank  1788,  yls.  canis 
et  felis  Gmclin  1789,  As.  trienspidata  et  felis 
Bruguiere  1791,  As.  icerneri  Rud.  1793,  Fusaria 
Diystax  Zeder  1800,  As.  marf/inafa  et  mysta.r  Rud. 

1802,  yls.  alata  Bellingham  1839)  (Fig.  174).- — 

Normally  parasitic  in  dogs,  cats,  and  some  other 
carnivora,  this  species  is  sometimes  found  in  man. 

It  can  be  readily  recognised  by  its  relatively  small 
size  (male  40  to  60  inm.  long,  bv  1 mm.  in  diameter ; 
female  120  to  180  mm.,  by  1 -7  mm.),  by  the  two 
very  conspicuous  cutaneous  wings,^  projecting  from  each  side  of  the  head 
in  both  sexes,  giving  the  head  end  an  arrow-head  ajipcarancc,  and  l)y 


Fic.  171. — Ancari.i 


^ Siiniliu'  •“  wings”  are  seen  in  section  in  Fig.  168. 
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the  number  :uhI  arrangement  of  the  twenty  pairs  of  pre-anal  and  five 
pairs  of  post-anal  papilhe  on  the  tail  of  the  male.  The  ova  yO  OGh  by 
0‘072  mm.)  are  covered  with  a beautiful  network  resemljling  the  mace 
on  a nutmeg.  The  parasite  gains  entrance  to  the  body  of  its  host  in  the 
same  way  as  in  the  ease  of  A$.  lumhricoide!^. 

iii.  Ascaris  maritima  Leuckart  187G. — An  immature  female,  43^ 


Fenialp. — a,  iiat.  size  ; 
h,  maj;nirifri. 

Fio.  17.5. — Oxyuris  vermimlaria. 


mm.  long  and  1 mm.  broad,  was  vomited  by  a child  in  Greenland  in 
1865.  Probably  this  was  not  a normal  human  parasite,  but  accidentally 
introduced.  It  is,  in  Lcuckart's  opinion,  nearly  related  to  the  As.  trausfiuju 
of  the  liear. 

iv.  Oxyuris  vermicularis  L.  1767. — (Synonyms:  xls.  vermicularis 
L.,  Fusaria  vermiculnris  Zeder  1803)  (Fig.  175). — The  “Threadworm” 
or  “ Seat  worm,”  like  A.  lumbricoides,  is  a very  common  parasite,  and  is 
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found  in  all  countries.  J>ike  the  round  worm  it  has  a predilection  for 
children  and  young  people,  in  whose  fieces  the  worms  arc  b)"  no  moans 
infrequent,  looking  like  minute  (9  to  12  mm.  long  by  0'4  to  O’G 
mm.  broad),  white,  slowly  moving,  short  pieces  of  fine  thread.  These  ax'e 
the  female  oxyurides.  The  male  worms,  which  ai’e  both  fewer  in  number 
and  very  much  .smaller  (3  to  0 mm.,  by  OTG  to  0‘20  mm.),  are  hard  to 
find  in  the  stools  or  intestinal  mucus  without  the  aid  of  a lens.  The 
sexes  arc  further  distinguished  by'  their  tails — that  of  the  female  being 
long,  tapering,  and  pointed,  the  anus  opening  at  its  base  ; the  vagina 
opens  on  the  ventral  surface  a little  in  front  of  the  middle.  In  the  male 
the  tail  is  abruptly  truncated ; usually,  particularly'  after  death,  it  is 
coiled  up  into  a sort  of  spiral ; the  cloaca  is  terminal 
I and  contains  only  a single  spicule  ; the  tail  is  further 

I distinguished  by  six  pairs  of  ventrally'  placed  papillfe, 

of  which  the  anterior  and  the  posterior  pairs  are  the 

largest.  In  both  sexes  the  head  end  is  A'eiy  much 
pointed,  and  carries  on  its  upper  and  under  aspects  a 
])eculiar  cuticular  sac  filled  with  clear  fluid.  Viewed 
in  profile  this  double  sac  gives  the  head  an  appear-  fio.  i76.  — EgR  of 

ance  Avlnch  is  very'  aptly  comjiared  by'  Tlanchard  to  (xabotiuoo).  Almost 

the  amber  mouth-piece  of  a Turkish  tobacco-pipe.  noos"'*^'*’  ^ 

The  eggs  (0‘05  by  O'OIG  to  0'024  mm.)  are  oval, 
but  much  flatter  on  one  side  than  on  the  other.  Their  shell  consists  of 
three  layers,  except  at  one  point  on  the  dorsal  surface  where  the  middle 
layer  is  defective.  It  is  at  this  point  that  the  embry'o  subsequently 
effects  its  escape. 

At  the  time  the  egg  leaves  the  parent  worm  the  embryo,  though 
visible,  has  not  quite  completed  its  development.  80  soon,  however,  as 
the  OA'um  enters  the  faeces,  Avhether  inside  or  outside  the  host,  progress 
is  rapid;  but  until  transferred  to  the  human  stomach  the  development 
of  the  embry'O  does  not  advance  beyond  a certain  point,  the  little  animal 
always  remaining  a prisoner  in  the  shell.  Under  suitable  conditions  it 
remains  alive  in  this  state  for  day's  or  weeks.  Long  immersion  in  Avater 
is  said  to  kill  it ; consequently',  Ave  may  infer  that  the  drinking-water  is 
not  a usual  medium  of  infection  Avith  oxyurides.  An  intermediate  host 
is  not  required.  The  ova  gain  access  to  the  human  stomach  on  fruit,  raw 
vcgetaliles,  in  dust,  by  being  conveyed  on  dirty  fingers  to  the  mouth, 
and  probably  in  many'  other  and  similar  AA'avs.  When  ova  or  ])regnant 
oxA'urides  are  SAvalloAved  experimentally,  mature  Avorms  appear  in  the 
faeees  at  the  end  of  tAvo  or  three  Aveeks.  Grassi,  after  SAvalloAving  six 
female  oxyurides,  found  their  progeny  in  his  stools  at  the  end  of  fifteen 
days ; and  they  continued  to  appear  in  CA'ery  stool  for  over  a month. 
From  the  latter  circumstance  it  is  evident  that  development  does  not 
proceed  in  all  the  ova,  nor  probably  in  all  the  Avorms,  at  the  same  rate. 

It  is  belicA’ed  that  on  the  egg  being  sAvalloAved  the  embryo  is  liberated 
in  the  stomach  ; it  then  passes  into  the  small  intestine,  Avhere,  after  under- 
going a succession  of  moultings,  it  attains  sexual  maturity'  and  impregna- 
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tioii  is  effected.  The  male  ■worm  usually  dies  after  this  event,  passing  out 
in  the  fseces ; but  the  impregnated  female  migrates  to  the  cmcum,  where 
she  remains  till  her  ova  are  matured.  She  then  descends  to  the  rectum, 
where  part  of  her  ova  are  probably  expelled,  she  herself  perhaps  passing 
out  along  Avith  them  in  the  faeces.  Other  Avorms  escaj>e  spontaneous'ly  l)y  ^ 
Avriggling  through  the  anus,  and,  doubtless  aided  by  the  scratching  and 
manipulation  their  pi-esence  occasions,  spread  over  the  neighbouring 
integument,  and  even  Avander  into  the  \uigina,  urethra,  or  prepuce.  Thus  ■ 
they  scatter  their  eggs  about,  and  by  their  movements  cause  intolerable  I 
itching.  The  Avarmth  of  bed  seems  to  j)rovoke  this  exodus  of  oxyurides;  I 
for  it  is  usually  in  bed  that  the  characteristic  migration  and  attendant 
irritation  set  in,  phenomena  Avhich  i-ecur  Avith  remarkable  regularity 
at  the  same  hour  every  evening. 

The  ii’ritation  secures  by  auto-infection  the  continuation  of  the  mce 
of  animals  producing  it.  By  the  scratching  that  ensues,  the  Avandei’ing 
Avorms  are  broken  up,  and  their  eggs,  and  even  fragments  of  the  Avornis 
themselves,  are  smeared  over  the  fingers,  foi'ced  under  the  nails,  and 
spread  about  the  body.  In  this  aauw  the  eggs  are  inadvertently  coiiA'cyed 
to  the  mouth  of  the  host,  to  be  sAAudloAved  and  .so  to  start  a fresh  genei’a- 
tion  of  parasites.  The  itching  of  the  nose,  Avhich  is  so  frequent  a con-  | 
comitant  of  rectal  and  intestinal  irritation,  and  such  habits,  so  common  in 
children,  as  sucking  the  thumljs  during  sleep  and  l)iting  the  nails,  con-  » 

tribute  to  ensure  this  result.  In  this  Avay  patients  keep  up  their  stock 
of  parasites  for  many  years,  ajul  often  into  adult  life.  In  some  instances  " 

the  intestines  have  been  so  loaded  Avith  these  AA’orms  that  the  mucous  *■ 

membrane  looked  as  if  covered  Avith  a pile  like  velvet.  Usually  infection  ' 

does  not  jArocced  to  this  degi-ee ; but  thousands  of  Avorms  are  often 
present  in  the  boAvel,  agglutinated  by  the  mucus  into  masses  and  balls. 

Symptoms. — In  consequence  of  the  nocturnal  Avanderings  of  the  Avorms 
and  the  intense  irritation  they  give  rise  to,  local  symptoms,  such  as  mucoid 
and  bloody  stools,  morbid  sexual  excitement  leading  to  mastui’bation, 
seminal  emissions  or  enuresis,  eczematous  conditions  about  the  anus,  and 
pains  resembling  those  of  stone  in  the  bladder,  are  common.  KcHex  ^ 
disturbances  may  also  occur,  such  as  hysteria,  convulsions,  chorea,  per- 
versions of  appetite,  antemia,  and  similar  consequences  of  prolonged  intes- 
tinal irritation.  In  the  presence  of  such  symptoms  the  appearance  of 
Avorms  or  ova  in  the  stools  at  once  establishes  the  diagnosis. 

The  eosino})hil  cells  of  the  blood  are  frecpiently  slightly  increased  in 
number — Dr.  Boycott  states  that  in  about  tAvo- fifths  of  his  cases  in 
children  Avho  harboured  Oxyuris,  a definite  increase  in  the  eosinophils 
had  occurred; — more  rarely  a high  grade  of  eosinophilia  (up  to  16  ]>er 
cent)  is  set  up,  Avhilst  cpiite  commoidy  the  l)lood  shcAvs  normal  proportions.  j 

Treatment. — The  facts  of  the  life-history  of  the  parasite,  as  just  set 
forth,  must  be  borne  in  mind  in  directing  treatment.  Grassi’s  experiment  ^ 
has  shcAvn  that  the  para.sites  may  continue  to  arrive  at  maturity  in 
successive  SAvarms  during  the  last  four  or  five  of  the  six  or  seven  Aveeks 
folloAving  a single  infection.  Consequently,  treatment  to  be  radical  must 
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extend  over  this  period  ;it  least.  ^Moreover,  measures  must  be  taken  to 
prevent  auto-infection.  With  tliis  latter  ol)ject  in  view,  in  the  case  of  a 
child  care  should  be  taken  that  the  buttocks  are  covered  with  stout  drawers 
during  sleep ; or  a long  night-dress  should  be  tied  beyond  the  feet,  or 
s*nue  such  device  employed  so  as  to  make  it  impossible  for  the  child  to 
soil  its  fingers  with  the  ova  of  such  worms  as  may  creep  out  from  the 
amis  during  the  night.  It  is  a good  plan  to  cover  the  hands  with  gloves. 
Finger-nails  must  be  kept  short  and  clean,  and  thumb-sucking  and  nail- 
biting  discouraged.  Au  affected  child  should  sleep  by  itself,  so  as  to 
minimise  the  risk  of  spreading  the  complaint.  Au  occasional  aperient 
had  better  be  administered  during  treatment.  Every  night  for  a time, 
and  later  every  second  or  third  night,  an  authelmiiitic  enema  must  lie 
administered.  There  are  many  eflicient  drugs  which  may  be  employed 
in  this  way.  Salt  and  water,  an  ounce  to  the  pint,  infusion  of  cpiassia, 
a few  drops  of  tincture  of  the  perchloride  of  iron,  vinegar  or  alcohol  and 
water,  and  lime  water  may  be  mentioned.  As  it  is  hopeless  to  reach  the 
ciecum,  where  the  bulk  of  the  worms  is  situated,  by  enemas,  such  means 
are  of  use  in  killing  or  dislodging  those  parasites  only  which  have 
descended  to  the  rectum  prior  to  their  escape  per  anum  ; the  enema, 
therefore,  need  not  exceed  a pint  in  the  adult  or  five  ounces  in  the  child. 
Suppositories  of  quassia  with  cacao  butter  are  said  to  be  an  efficient  and 
convenient  substitute.  If  iwecautions  are  effectually  taken  against 
reinfection  from  without,  and  auto -inoculation,  the  worms  disajjpear 
rapidly ; and  a radical  cure  may  be  looked  for  in  from  four  to  six  weeks. 
Nocturnal  iri'itation  is  prevented  by  smearing  the  neighbourhood  of  the 
anus  with  weak  mercurial  ointment,  or  sponging  with  carbolic  lotion. 

In  families  and  large  public  institutions  in  which  this  helminthiasis 
has  broken  out  some  trouble  should  be  taken  to  prevent  its  spread. 
Particular  care  should  be  exercised  to  secure  clean  underclothing,  clean 
bed-linen,  clean  towels,  and  clean  privies  ; raw  fruit  and  vegetables  should 
be  interdicted,  and  all  plates,  dishes,  and  drinking-vessels  so  cared  for 
that  such  dust  or  dirt  as  might  possibly  contain  ova  of  the  parasite  is 
prevented  from  contaminating  them. 

Family  II. — Strongylidse 

In  the  Strongylida’  the  male  opening  is  placed  at  the  posterior  end 
of  the  body,  at  the  bottom  of  ;in  umbrella-  or  bell-shaped  copulatory 
bursa,  the  margin  of  which  is  furnished  with  a varying  numlier  of  papilloe. 
There  are  six  mouth-papillje,  and  often  chitinous  teeth.  Body  generally 
cylindrical,  not  filiform. 

i.  Eustrongylus  gigas^  (Rudolphi)  1802. — (Synonyms:  As.  ranis  ct 
martis  Schraidc  1788,  As.  visceralis  et  renalis  Gmel.  1789,  Strongijlns 
gir/as  Hud.  1802,  E astro nrjijlus  gigas  Dies.  1851,  Strongylus  renalis  Moq.- 
Tand.  1860,  Eustnmgylvs  visceralis  Raill.  1885.) — The  giant  strongyle, 
the  largest  of  the  nematodes  affecting  man,  is  much  moi-e  frequently 
1 Ward  describes  this  species  under  the  name  Jjivctoijhymc  renalc  Goeze  1782. 
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found  (although  even  in  them  it  is  a very  uncommon  parasite)  in  certain 
other  mammalia — particularly,  according  to  Leuckart,  in  those  that  are 
always  or  occasionally  ichthyophagous,  such  as  the  dog,  wolf,  fox,  and 
seal.  It  has  also  l>een  found  in  the  ox  and  horse,  which,  as  is  well  known, 
in  northern  latitudes  sometimes  eat  fish.  It  is  conjectured  that  certain 
larval  nematodes  of  the  muscles  of  fish  are  an  early  stage  of  this  parasite; 
experiment  has  not  confirmed  tliis  conjecture. 

In  appearance  the  giant  strongyle  is  like  an  overgrown  yf.  I iimhricoides  •, 
it  is  readily  distinguished,  however,  from  this  parasite  by  its  enormous 
size,  and  l>y  the  copulatory  l)ui'sa  on  the  tail  of  the  male,  which  is  so  large 
as  to  be  quite  apparent  to  the  naked  eye ; further,  it  is  blood  red.  The 
male  measures  from  14  to  40  c.m.  in  length  by  4 to  G mm.  in  breadth; 
the  female  25  c.m.  to  1 metre  in  length  by  4'5  to  12  mm.  in  diameter. 
The  male  has  only  one  spicule,  which  protrudes  from  the  cloaca  at  the 
bottom  of  tlie  copulatoiy  bursa.  The  eggs  are  oval  (0‘0G4  mm.  to  0‘068 
mm.  by  0'042  to  0'044  mm.),  and  have  a thick,  brown,  fragile,  foveolated 
shell  which  is  quite  characteristic  and  constitutes  an  important  diagnostic 
indication  if  met  with  in  bloody  ui’ine. 

The  parasite  is  usually  located  in  the  kidney.  Two  or  three  or  more 
may  be  found  together;  in  rare  cases  even  as  many  as  eight.  Sometimes 
it  appears  to  cause  little  damage  and  few  sjmiptoms  ; more  usually  it  causes 
disorganisation  of  the  organ,  converting  it  into  a pus-filled  cyst,  and  giving 
rise  to  much  pain  and  h;ematuria.  It  may  leave  the  kidney  and  stray  to 
the  peritoneal  cavity,  to  the  pleura,  to  the  liver,  bladder,  perinephric 
fascia,  and  other  parts,  in  which  situations  it  has  been  occasionally 
encountered  in  the  lower  animals.  Although  it  has  only  been  found 
some  twelve  times  in  man,  it  has  a wide  geographical  distribution, 
having  been  met  with  in  the  lower  animals  in  most  countries  of  Europe, 
and  of  North  and  South  America. 

Should  the  characteristic  ova  be  found  in  the  urine,  and  local  pain 
determine  the  kidney  in  which  it  is  lodged,  the  parasite  might  be 
i-enioved  by  surgical  means. 

ii.  Strongylus  apri  (Gmelin)  1789. — (Synonyms:  Gordius  pnlmonalis 
apri  Ebel  1777,  As.  apri  Gmel.  1789,  Strongi/lus  suis  Rud.  1809,  Sf. 
paradoxus  IMehlis  1831,  St.  clongafiis  Duj.  1845,  St.  longevaginatus  Dies. 
1851.) — This  parasite  has  been  found,  in  large  numbers,  in  the  lungs  of 
a boy  in  Transylvania,  and  in  the  alimentary  canal  of  man.  The  males 
measured  12  to  25  mm.  in  length  by  0'55  in  diameter,  the  females  26  to 
50  mm.  by  0'7.  This  species  normally  occurs  in  the  bronchi,  usually  the 
smaller  bi’onchi,  in  the  pig,  both  domesticated  and  wild. 

iii.  Strongylus  subtilis  ^ Looss  1895. — The  males  are  4 to  5 mm.  long, 
anteriorly  only  0‘009  mm.,  but  just  before  the  bursa  0'07  mm.  in  breadth. 
The  male  has  a single  spicula.  The  females  are  5-G  to  7 mm.  in  length, 
and  anteriorly  0‘01,  widening  to  0'097  l)ehind.  The  ripe  eggs  are  oval, 

^ Looss  (.324a)  1i.is  recently  rede.scribed  tins  worm  nnder  tlie  name  Trichodron(iylns 
.'mhtiUs  (Loo.ss).  lie  mentions  two  otlier  species  of  the  same  genns,  T.  in-oholurus  (Raiiliet), 
and  T.  cilrinus  Looss'  also  found  in  .sheep  and  camels,  as  occasionally  met  with  in  man. 
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0'0G3  by  0‘041  mni.  in  size,  ami  thin-shelled.  It  occurs  in  the  alimentary 
canal  of  man,  in  Kgypt  and  .lapan,  and  is  also  met  with  in  camels  and 
sln.'ep. 

iv.  Ankylostoma  duodenale  ^ Dubini  1843. — (Synonyms  : ^troiKjijlns 
(jiuulriih’itfafuit  V.  Sieb.  \ Sol , Jhirhndm  ii nchi/losfuiiiinii  Molin  18G0,  Sclerostoma 
ihiodenale  Cobb.  1864,  Str.  duodcnaliA  Schncid.  1866,  Jiochmiiis  diiodemdis 
Lckt.  1876)(Figs.  178  to  184).^ — Since  Dubini  discovered  the  tunnel-worm 
in  Milan  in  1838  it  has  been  found  in  so  many  countries  that  it  is  highly 
probalde  that  A.  duodenale  is  generally  endemic  all  over  the  globe  between 
the  parallels  5D  31'  X.  and  30'’  S. ; at  all  events,  in  those  localities  where 
the  character  and  hydraulic  conditions  of  the  soil  and  the  habits  of  the 
inhabitants  favour  its  propagation.  In  Egypt  it  is  found  in  about  20  to 
30  ])er  cent  of  autopsies;  in  India,  Dobson  found  it  in  the  stools  of 
75’58  per  cent  of  1249  natives  to  whom  he  had  administered  thymol. 


Fio.  1T7.— Efii;  of  fUrongyhia 
sithlilis  (x  al)OUt  400). 

('olourless.  Frinn  Loo.ss. 

It  seems  to  be  equally  common  in  the  West  Indies,  Guiana,  Brazil, 
Ceylon,  the  Straits  Settlements,  Java,  China,  the  Philippines,  Japan,  and 
blawaii,  and,  indeed,  in  most  other  tropical  and  subtropical  countiies  in 
which  it  has  been  searched  for.  Its  ova  are  very  fre([ucntly  met  with 
in  the  stools  of  natives  of  warm  countries  visiting  England.  According 
to  Cobbold,  it  is  not  endemic  in  this  country,  but  recent  observations  bj^ 
Drs.  Haldane,  Boycott,  and  others  shew  that  this  immunity  no  longer 
obtains.  It  is  frecpiently  met  with  in  the  warmer  regions  of  Eurojie  and 
of  North  America,  more  esjiecially  in  damp  mines  where  the  temperature 
is  high  and  the  sanitation  defective.  Englishmen  retuiuing  from  the 
tropics  are  sometimes  affected. 

The  normal  habitat  of  A.  duodenale  is  the  small  intestine  of  man, 
particularly  the  jejunum;  le.ss  often  the  duodenum,  rarely  the  ileum  or 
lower  reaches  of  the  alimentary  canal ; occa.sionally  it  has  been  found  in 
the  stomach.  In  these  situations  it  attaches  itself  by  means  of  its 
jiowerful  buccal  armature  to  the  mucous  membrane,  large  pi’olongations 
of  which  it  sucks  down  into  its  oesophagus.  This  poilion  of  the  mucous 
membrane  is  destroyed.  Some  of  the  worms,  and  they  may  be  free  or 


ITS.— To  the  left,  a male, 
anil  female  AiiKi/IcsIouki 
liiindenale  ; ami  to  the  right, 
male  and  female  Xecatnr 
iimericainis^  in  (•o/mh! (about 
life  .size).  From  Looss. 


Fui.  ITU. — AnI.-j/loatoinu  duo- 
deaale  (nat.  .size).  After 
Sehulthess. 


’ Known  by  tlie  American  lielmiuthologist.s  as  Uncinaria  duodenalia  Dubini  IS-l.t. 
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Fio.  181.— A young  but  adult 
femali)  Ankylostoma  duodemih' 

(X  20).  an,  anus  ; card,  cardiao 
portion  of  the  intestine ; co. 
ceyh,  nerve  commissure  round 
the  uisophagus ; ijl.ceph,  cephalic 
glands ; gl.ceph*,  end  of  right 
cephalic  glands  ; gl.cerv,  cervi- 
cal glands  ; int,  intestine  ; 
nu.gl.ceph,  and  7in.gl.cerr,  nu 
clei  of  cephalic  and  cervical 
glands  ; oe.7,  oesophagus  ; or, 
ovary ; ov*,  end  of  ovary  ; ovrj, 
terminal  portion  of  uterus ; gL.CCjUir 
p.cx,  excretory  poie ; rcc..«, 

receptaculum  seminis ; id, 
uterus ; vulv,  vulva.  From 
Looss. 


Fio.  180. — Adult  male  Ankylostnma  dvodeiMle 
(X  20).  an,  anus;  card,  cardiac  portion  of 
intestine;  co.ceph,  nerve  commissure  round 
the  ojsophagns ; d.ej,  ejaculatory  (iuct ; gl. 
cem,  cement  glands  : gl.ccrr,  cei'vical  glands  ; 
gl.reph*,  end  of  ce])halic  glands;  in.Oiir.i, 
muscles  of  the  bursa ; m.retr.sp,  retractor 
muscles  of  tin?  spicule  ; mi.gl.ccph,  nuclei  of 
the  cephalic  glands  ; ncs,  resoiihagus  ; pap.cerr, 
cervical  papilla- ; p.cx,  excretorv  pore  ; .y>ic, 
spicule;  te,  testis;  fe*,  end  of  the  testis; 
r.r,  vesicula  seminalis.  From  Looss. 
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attached,  contain  frcsli  l)lood  in  their  alimentary  canal,  others  do  not. 
According  to  liOoss,  if  blood  be  present  the  corpuscles  are  undigested,  the 
i>arasite 


OK  oes- 


JlOfl.l. 


■dent.i. 


'j!  jmfi.d. 


Fig.  1S2. — Head  <i(  tlitndenole  (x  IPO),  looking  into 

the  mouth,  dent.i,  the  internal  teeth,  near  the  hottoni  ot 
tlie  oral  capsule;  or.nea.  entrance  to  the  a'so))hagns ; 
vap.d,  inip.l,  ptip.v,  dorsal,  lateral,  and  ventral  head  i)aihlhe. 
From  Loo.ss. 


mam  food  of  the 
being  the  cells  comprising 
the  mucous  layer  of  the 
intestine.  It  is  supposed 
to  shift  its  hold  from 
time  to  time,  the  abandoned 
bite  oozing  blood  for  a 
little  while.  The  two 
large  head  glands,  which 
open  at  the  base  of  the 
paired  hooks,  disch.irge,  it 
has  been  conjectured,  some 
Inemolytic  substance  into 
the  blood  of  the  host. 

The  male  and  female 
J nkylostoma  — present 
generally  in  the  propor- 
tion of  one  of  the  former 
to  three  of  the  latter — do 

not  differ  so  much  in  size  as  do  many  of  the  other  nematodes.  The 
males  measure  from  8 to  10  mm.  in  length  by  0'4to  0‘5  mm.  in  bieadth  ; 
I the  females  12  to  18  mm.  in  length  by  1 mm.  in  breadth.  Both 
■ se.xes  are  cylindrical  in  form;  white  when  they  are  alive,  grey  when  dead, 
or  reddish-bi’own  when  full  of  blood.  In  both  sexes  the  jiosterior  end  is 
I the  broadest  part,  whence  the  body  tapers  forward  to  a narrow  neck, 
which  ends  in  the  bulging  and  distinct  mouth  capsule.  The  margin 
of  this  remarkalde  organ  is  furnished  with  four  strong,  claw-like  hooks, 

two  on  each  side  of  the 
ventral  line,  and  two  conical 
teeth,  one  on  each  side  of 
the  dorsal  line.  The  tail  of 
the  female  is  pointed,  and 
ends  in  a short,  delicate 
spine,  the  anus  being  sub- 
terminal and  the  vagina 
opening  on  the  ventral  .sur- 
face at  the  commencement 
of  the  posterior  third  of  the 
body.  The  tail  of  the  male 
is  provided  with  a large 
umbrella-like  trilobate 
bursa,  having  eleven  ribs ; 
the  cloaca  at  the  bottom  of 


a o 

Fig.  l.s::. — OeiiiUil  Imraa.  a.  of  the  male  of  Anlcplnstimn 
dnndrmdc  \ h,  of  .\eratiir  timcricinuix.  Seen  from  Ui«  left, 
amt  magnilifil.  From  I.ooss. 

two  long  and  delicate  spicules  project  from 
the  bursa.  From  the  relative  positions  of  the  sexual  openings  the  worms 


in  conjugation  look  like  the  Greek 
VOL.  n. — FT.  ir 
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The  female  Ankylodonia  produces  a prodigious  and  never-ending  stream 
of  eggs  which  passes  out  in  the  faeces  of  the  host.  Tliese  eggs  (0*056  to 
0*06 1 mm.  by  0*034  to  0*038  mm.)have  a regular  oval  form,  with  a delicate, 
smooth,  and  beautifully  transparent  shell,  through  which  the  greyish  and 
distinctly  segmented  yolk  can  be  readily  seen.  While  in  the  body  of  the 
host  development  does  not  advance  further ; but  on  leaving  it  develop- 
ment proceeds,  in  suitable  circumstances,  so  rapidly  that  in  one  to  two 
days  a rhabditiform  embryo  (0*2  mm.  by  0*014  mm.)  is  born.  This 
minute  organism  is  very  active,  voraciously  devouring  what  organic  matter 
it  can  find,  and  for  a week  it  grows  rapidly  (to  0*56 
mm.  by  0*024  mm.).  During  this  time  it  moults 
twice.  After  the  second  moulting  it  passes  into  a 
sort  of  larval  state,  dixring  *xvhich  it  no  longer  eats 
and  growth  is  suspended.  In  this  condition  it  may 
live  for  weeks  or  months,  moving  about  more  or  less 
languidly  in  muddy  water,  in  mud,  oi*  in  damp 
earth.  Should  chance  so  determine,  the  larva  is 
finally  transferred  to  the  human  alimentary  canal, 

I’lo.  IS4.— Egg  of  Ankyio-  either,  as  Looss  has  shewn,  by  borine;  through  the 
about  . , , , , . / ^ ^ • 

400).  Colourless.  From  skill,  or  possibiy,  but  this  IS  Unlikely,  by  fiein^ 

carried  to  the  alimentary  canal  in  muddy  drinking- 
water,  or  in  the  mud  or  dirt  adhering  to  the  hands  or  dishes  of  the 
agriculturist,  the  brick-maker,  or  other  operative  engaged  in  handling  the 
soil ; or,  it  may  be,  in  earth  deliberately  eaten  b}^  the  geophagist. 
\Then  the  minute  Ankylosfoma  larvte,  which  have  hatched  out  in 
the  soil,  come  in  contact  with  the  skin  of  man,  they  immediately 
begin  to  bore  through  the  epidermis,  many  of  them  passing  along  the 
hair-follicles.  If  in  great  numbers  they  cause  a marked  infiammation  of 
the  skin,  and  such  nematode  larvae  may  in  many  cases  be  responsible  for 
the  dei'inatitis  variously  known  as  “ cooley  itch,”  “ sore  feet,”  “ ground 
itch,”  etc.,  in  tropical  countries,  and  “bunches”  in  Corni.sh  miiie.s. 
1 laving  reached  the  cutis  they  make  their  way  into  the  Ijmiph-cainllaries  or 
later  into  the  superficial  veins.  Thus  they  reach  the  venous  system  either 
directly  or  through  the  thoracic  duct,  and  by  this  route  are  conveyed  to 
the  lungs.  They  then  traverse  the  soft  pulmonar\^  tissues  and  emerge  into 
the  air-vesicles  and  bronchial  tubules.  Here  they  undergo  their  thii’d 
cedysis,  and  then  wriggling  up  the  mucous  secretion  in  the  l)ronchi  and 
trachea,  turn  back  at  the  glottis  and  pass  down  the  oesophagus  into  the 
stomach.  Arrived  in  its  final  host,  after  moulting  again  at  the  end  of  five 
weeks  (Leichtenstern),  they  acquired  sexual  characters  and  the  permanent 
adult  form.  The  duration  of  the  life  of  A.  duodenale  in  the  intestine  has 
not  been  determined ; some  state  it  in  months,  others  in  years  (Sonsino). 

Col.  Giles  holds  that  A.  duodenale  may  become  sexually  mature  while 
outside  the  body  and  in  the  free  state ; in  other  words,  that  it  is  hetcro- 
genetic.  His  observations  have  recently  been  confirmed  in  part  by  Dr. 
Sandwith,  although  doubt  has  been  thrown  on  their  relevancy  by  Sonsino 
and  Macdonald. 


PARASITIC  IVOR  MS 


S99 


V.  Neeator  amepieanus  Stiles  1903.-  (Synonym ; Uncinar'uf  aineri- 
cana  Stiles.) — The  American  hook-worm  or  tunnel-worm  differs  from 
the  Ankj/lostuma  in  the  absence  of  the  four  oral  teeth.  It  is  slightly 
shorter  and  clearly  thinner  than  the  A.  duodenale,  the  male  beiim  7 to  10 
mm.,  the  female  9 to  1 1 mm.  in  length.  The  head  bends  round  towards 
the  dorsal  surface  ; the  oral  hollow  is  small,  without  any  teeth  on  its  fi'ee 
edge,  but  in  place  of  them  are  two  plates  with  cutting  edges.  Deep 
witluTi  the  capsules  ai-e  the  ventral  teeth,  just  as  in  A.  duodenale.  The 
lateral  wings  of  the  copulatoiy  bursa  in  the  male  are  prolonged  so  that 
the  bursa  seems  two-lobed.  The  eggs  closely  resemble  those  of  the 
European  hook-worm,  but  are  a little  bigger  (0-064  to  0'072  by 
0'036  mm.),  and  they  are  slightly  more  pointed  at  the  poles. 


Kio.  1S5. — Head  and  mouth  of  Xecator  americanus,  seen 
from  hehiiid  (x  33<i).  I>.e,  dorsal  free  edge  of  the 

mouth  ; II.  skin  of  the  head  covering  I'l.  : Oe.'f.Gl, 
opening  of  the  dorsal  a\sophageal  glands  ; I'l,  cutting 
plates  inside  the  month  ; LL,  chitinous  lamella-. 
From  Looss. 


Fio.  ISO. — Egg  of  Nevator  mneri- 
camts(x  about  400).  Colourless. 
From  Looss. 


The  presence  of  this  worm  in  the  alimentary  canal  of  the  “poor 
white  ” or  “ mean  white  trash  ” of  the  Southern  States  has  been  recently 
the  subject  of  much  research.  We  are  still  in  ignorance  of  many  of  the 
details  of  the  development  of  JA.  americanus,  but  it  probably  differs  little 
from  that  of  A.  dmdenale ; the  clinical  symptoms  it  gives  rise  to  closely 
resemble  those  caused  by  the  latter. 

This  species  has  recently  been  shewn  to  occur  in  the  intestines  of  the 
six  pygmies  (Looss)  belonging  to  the  Mhute,  who  were  recently  exhibited 
in  London.  Thus,  we  must  add  as  well  as  both  Americas  the  central  part 
of  Africa  as  the  home  of  this  parasite.  The  ]>ygmies  also  harboured  an 
Ascaiis  sp.,  Schist osornum  hemcitohium,  Trichocephalus  frichiiirus,  and  Oxyuris 
vermicularis.  Neaitor  americanus  also  occurs,  according  to  I)r.  -I.  W.  AV. 
Stephens,  in  Madras,  Assam,  and  Burma. 

Ankylostomiasis.^  — Considering  the  insignificant  size  of  these 


' The  Amorican.s  have  called  this  clisea.se  Uncinariasis. 
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parasit(?fe,  it  is  unlikely,  so  long  iis  the  numbers  are  small,  that  serious 
inconvenience  should  result  from  their  presence  in  the  intestine.  But 
when  these  numl)ers  mount  up  to  hundreds  or  thousands,  as  is  often  the 
case,  as  a result  of  the  constiuit  drain  of  blood  they  keep  up  for  months 
or  years,  the  dyspepsia  and  malnutrition  entailed  by  their  presence,  the 
wounds  they  iiiHict  on  the  mucous  membrane,  and  it  may  be  the  hsemolytic 
toxin  they  secrete,  a grave  cachexia — the  state  known  as  ankylostomiasis 
— is  produced  and  not  infrequently  leads  to  a fatal  issue. 

The  recognition  of  this  form  of  helminthiasis  as  an  important  patho- 
logical condition  is  of  comparatively  recent  date.  Griesinger  was  the 
first  to  point  out  that  the  form  of  anajmia  known  as  Egyptian  chlorosis 
is  of  this  nature  ; and,  later,  other  observers  shewed  that  a similar 
anaJinia  was  common  among  Jiegroes  in  America.  Public  attention,  how- 
ever, was  not  forciblj'  directed  to  the  subject  until  1880,  when  the 
occurrence  of  the  notorious  e])idemic  of  amemia  among  the  workmen 
engaged  in  making  the  St.  Gothard  tunnel  was  shewn  to  be  of  this 
nature.  It  was  subse(juently  discovered  that  similar  anaimic  conditions 
originating  from  the  same  cause  were  not  uncommon  among  the  work- 
men employed  at  certain  European  mines ; and  recently  it  has  been 
proved  that  the  parasite  and  the  cachexia  to  which  it  gives  rise  are 
exceedingly  common  throughout  the  tropical  and  subtropical  regions. 
The  parasite  has  lately  been  very  common  in  the  Westphalian  coal-fields, 
and  has  recently  been  imported  into  the  tin  mines  of  Cornwall. 

As  with  many  discoveries  on  their  first  being  made  known,  the 
importance  of  the  Avkiflostoma  was  exaggerated,  not  a few  diseases — 
beriberi  for  example — being  attributed  to  it  with  which  it  is  in  no  way 
concerned.  Nevertheless,  although  many  of  the  diseases  for  which  it  has 
l)cen  blamed  haA^e  nothing  to  do  with  the  Ankylostoma,  it  cannot  be 
doubted  that  this  parasite  in  many  instances,  and  in  the  aggregate, 
well  deserves  the  evil  reputation  it  has  acquired. 

The . e.xact  conditions  under  Avhich  Anhjlostoma  duodenale  becomes 
gravely  i>athogenetic  are  perhaps  not  yet  thoroughly  understood,  for  we 
meet  with  all  the  symptoms  of  pronounced  ankylostomiasis  in  patients 
whose  intestines  contain  comparatiA'ely  fcAv  ankylostomes ; whereas  these 
parasites  may  be  present,  even  in  vast  numbers,  in  persons  who  are, 
iiotAvithstanding,  to  all  appearance  healthy  and  robust.  In  determining 
the  establishment  of  this  cachexia  much  must  depend,  therefore,  upon 
individual  idiosyncrasy  in  respect  of  digestive  poAver,  and  on  the  tolei’ance 
of  blood  depletion  and  of  intestinal  irritation ; also  on  the  individual 
ph}'siological  nnu-gin,  on  the  conditions  of  physical  work,  and  on  the 
quantity  and  quality  of  aliment  obtainable.  It  can  be  readily  understood 
that  a vigorous,  healthy  European,  Avell  nourished  on  flesh,  eggs,  and  such- 
like concentrated  and  easily  digested  foods,  Avill  stand  a larger  invasion 
of  AnbiloAoma  than  the  feeble,  limp,  labouring  Indian.  The  latter,  to 
obtain  sufficient  nutriment  from  his  coarse  dietary  of  SAveet  ])otatoes,  rice, 
vegetables,  and  other  bulky  and  innutritious  foods,  has  so  to  stuff  his 
stomach  three  or  four  times  a day  that  dilatation  of  that  organ,  and  the 
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various  catarrhal  and  dyspeptic  conditions  thus  entailed,  must  necessaril}' 
ensue  ; doubtless  these  concomitants  have  a large  share  in  the  production 
of  the  pathological  picture  in  which  the  Ankfilodoma  is  only  one,  though 
perhaps  the  leading  feature. 

Then,  again,  in  many  tropical  countries  a considerable  proportion  of 
the  population  lives  in  a chronic  state  of  semi-starvation  hard  for  us  to 
realise.  Under  such  conditions  the  daily  loss  of  blood  which  a few 
hundred  ank\dostomes  entail  is  a serious  matter,  and  may  l)e  all  that 
is  required  to  turn  the  scale  and  start  the  vicious  circle  of  famine 
degeneration. 

Si/inpfoms. — The  essential  symptoms  of  ankylostomiasis  are  those  of  a 
l)rogressive  anaemia  generally  associated  with  symptoms  of  intestinal 
catarrh  leading  in  time,  if  not  checked,  to  fatty  degeneration  of  the  heart 
and  other  organs,  and  ultimately  to  serous  effusions  and  death. 

Pain  in  the  epigastrium  radiating  towards  the  umbilicus,  increased 
by  pressure,  but  generally  relieved  b}^  food,  is  one  of  the  earliest  signs  of 
invasion  l)y  ^Inkiflostojiia.  This  pain  ma}'  be  accomjmnied  b}’  dyspeptic 
troubles,  colicky  symptoms,  and  borborygmi.  The  appetite  is  very  often 
ravenous,  although  the  digestive  powers  may  be  feeble  ; occasionally  thei’e 
is  anorexia.  Perverted  appetite — pica  or  geophagy,  as  it  is  sometimes 
called — is  a common  occurrence  in  this  as  in  other  forms  of  intestinal 
helminthiasis,  and  is  especially  dangerous  in  ank}dostomiasis,  as  in 
this  maladv  its  indulsrence  mav  tend  to  increase  the  infection.  The 

*>  O %/ 

bowels,  generally  constipated  at  first,  may  in  the  advanced  disease  be 
, loose  and  irregular.  Sometimes,  though  rarely,  the  stools  have  a reddish- 
brown  tinge  from  sanguineous  admixture,  and  pieces  of  blood-tinged 
mucus  may  be  passed ; but  pure  blood  is  rarely  seen,  for,  though  escap- 
ing, perhaps  in  considerable  ({uantit}',  from  the  wounds  made  b}'  the 
pai-asites  in  the  upper  part  of  the  intestine,  it  is  so  mixed  with  the 
chyme,  and  so  altered  by  the  intestinal  juices,  that  it  is  not  recognisable 
in  the  stools.  Temperature  is  usually  subnormal ; at  times  there  may  bo 
transient  flashes  of  fever. 

As  the  disease  advances  signs  of  anfcmia  set  in — such  as  pallor  of 
mucous  surfaces  and  complexion,  breathlessness,  lassitude,  palpitations, 
liremic  bruits,  tinnitus,  dimness  of  vision,  vertigo,  depression  and  apathy, 
irritability  of  the  circulation,  attacks  of  syncope,  oedema  of  the  feet,  and 
the  usual  train. of  symptoms  attending  recurring  and  jirolonged  h:>?mor- 
rhage.  Retinal  haemorrhages  have  also  been  observed. 

Secondary  dyspeptic  conditions,  such  as  gastralgia,  vomiting,  Inema- 
temesis,  dilatation  and  ulceration  of  the  stomach,  often  complicate  and 
aggravate  the  moi’e  pronounced  cases.  Yet,  stiange  to  say,  with  all  this 
amemia  and  the  secondary  dyspeptic  conditions,  provided  the  feeding 
be  good  and  sufficient,  the  patient  remains  fat  and  plump  ; the  intense 
pallor  and  (edema  being  the  oidy  signs  which  force  themselves  on  the 
attention. 

Progress  is  sometimes  very  rapid  ; in  a few  weeks  the  ]>atient  may  be 
brought  to  a dangerous  state  of  anaemia,  and  even  death  may  occur  from 
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syncope  or  serous  effusions.  The  vast  majority  of  cases,  however,  have 
a more  chronic  course,  extending  over  years ; in  these,  if  death  result, 
it  is  often  due  to  some  intercurrent  disease. 

In  children,  not  only  does  the  Ankylostoma  produce  anaemia,  but 
it  stunts  the  growth  and  delays  the  occurrence  of  puberty.  When 
such  children  grow  up — particularly  if  malarial  cachexia  be  combined 
with  ankylostomiasis  — they  remain  childish  in  appearance,  puny  in 
size,  sexually’^  immature,  and  with  characteristic  high-pitched  treble 
voices. 

1 )rs.  Boycott  and  Haldane  ha^'e  shewn  that,  as  in  chlorosis,  the  total 
volume  of  the  blood  is  much  increased,  whilst  the  total  oxygen-capacity  is 
slightly  diminished.  The  average  increase  in  volume  in  their  cases  was 
94  per  cent,  the  average  decrease  in  oxygen-capacity  11  per  cent.  The 
number  of  red  blood -corpuscles  per  c.mm.  is  usually  decreased ; in 
aiu'emic  cases  they  may  fall  as  low  as  800,000  ; Dr.  Sandwith  gives 
1,290,000  as  an  average  of  173  angemic  cases.  The  characteristics  of 
the  so-called  Egyptian  chlorosis  set  up 'by  this  parasite  are — (1)  severe 
anoemia ; (2)  very  low  Inumoglobin  averages;  (3)  very  low  colom--index ; 
(4)  the  frequent  pi'esence  of  normoblasts  and  in  some  cases  of  megalo- 
lilasts,  but  never  a majority  of  megaloblasts ; (5)  the  frequent  iiresence  of 
poikilocytes  and  of  cells  shewing  polychromatophilic  staining. 

The  total  number  of  leucocytes  per  c.mm.  are  in  cases  of  recent 
infection  usually  increased,  and  the  amount  of  this  increase  is  <{uitc 
independent  of  the  other  symptoms  exhibited.  Drs.  Boy'cott  and 

Haldane  record  counts  up  to  50,000  in  cases  of  recent  infection,  which 
Avere  not  associated  Avith  any  severe  symptoms.  The  main  feature, 
lioAveA'er,  of  the  lilood  in  these  cases  is  the  presence  of  an  eosinophilia, 
Avith  both  an  absolute  and  a relative  increase  of  the  eosino])hil  coarsely- 
granular  l)lood  leucocytes.  This  feature  is  so  characteristic  of  infections 
with  this  nematode  that  Dr.  Boycott  recommends  a differential  count  of 
the  blood  leucocytes  as  the  first  line  of  CAddence  in  diagno.sing  the  disease, 
Avhen  a large  body  of  men  haA’^e  to  be  sul)jected  to  examination.  The 
degree  of  eosinophilia  Aaries  Avith  the  total  leucocyte  count,  and  is  most 
constant  and  best  marked  in  those  persons  Avho  are  not  suffering  from 
anaemia  ; that  is,  in  those  persons  Avho  shcAv  nothing  Avliich  Avould  suggest 
that  they  harliour  the  aa-oito.  Ninety-four  per  cent  of  the  148  cases  of 
Ankylostoma  infection  examined  by  these  authors  sheAved  an  eosinophilia 
of  more  than  8 per  cent  AA'ith  an  average  of  18  per  cent.  Their  highest 
figures  are  G6  per  cent  in  tAvo  cases  of  recent  infection,  Avith  total  leucocyte 
counts  of  oG.OoO  and  44,000  per  c.mm.  respectiA-ely. 

As  the  disease  becomes  moi'e  chronic  the  percentage  of  eosinophil  cells 
tends  to  fall,  but  in  such  cases,  after  treatment,  a rise  in  the  numbei'  of 
eosinophils  is  to  be  expected,  and  at  any  time  such  a rise  is  of  good 
jirognostic  import.  A.shfoi'd  and  other  Americaji  Avriters,  Avorking  on  cases 
of  patients  infected  Avith  Necator  americanus,  have  confirmed  these  general 
results  on  persons  harbouring  that  parasite. 

IHagnosis. — The  secret  of  the  diagnosis  of  ankylostomiasis,  like  that  of 
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so  many  other  diseases,  is  to  suspect  its  })resence.  Microscopic  examina- 
tion of  the  fieces  justifies  or  dismisses  this  suspicion  at  once.  If  ova 
are  found,  some  idea  of  the  extent  of  the  infection  may  he  got  from 
an  enumeration  of  tlie  eggs  in  a given  quantity  of  fteces.  According 
to  Grassi  and  Parona,  150  to  180  eggs  per  centigramme  of  ffeccs 
indicate  approximately  an  infection  of  1000  worms,  male  and  female 
together.  Sometimes  it  happens  that  although  the  Ankijlostoma  has 
disappeared  the  subsequent  anaunia  and  degenerations  progress,  even 
to  a mortal  issue,  the  fatal  pathological  circle  of  famine  changes  having 
become  established  before  the  worms  had  been  got  rid  of.  In  these  cases 
ova  are,  of  course,  absent  from  the  stools,  and  a diagnosis  can  only  be 
guessed  at  from  a consideration  of  the  history  and  other  circumstances. 
On  the  other  hand,  although  a certain  number  of  ova  may  be  met  with  in 
the  stools  of  some  cases  of  anaemia,  the  diagnosis  of  ankylostomiasis  must 
not  be  jumped  at  without  a careful  consideration  of  the  entire  circumstances 
of  the  case,  and  a careful  exclusion  of  such  causes  of  anaemia  as  malarial 
<lisease,  Ih'ight’s  disease,  cancer,  tubercidous  disease,  idiopathic  pernicious 
anaemia,  leukaemia,  and  so  forth.  It  should  always  be  borne  in  mind  that 
the  majority  of  the  natives  in  many  warm  countries  harbour  Anh/lostoma 
and  Trichorej)}i(du^  besides  the  more  readily  recognised  Ascaris  lumbricoides  ; 
and  that,  therefore,  the  presence  of  any  or  all  of  these  parasites  may  be 
expected  in  many  diseases  for  which  they  are  not  in  the  slightest  degia  e 
responsible. 

In  every  case  of  tropical  anaemia  the  possibility  of  ank3dostomiasis 
should  be  entertained,  more  especial h'  if  on  examination  of  the  blood  a 
pronounced  eosinophilia  be  discoveTcd,  or  if  a history  of  small  boils  or 
j)apular  eruption,  especially  about  the  hands  or  feet,  has  been  elicited. 
Eosinophilia  occurs  in  most  verminous  infections,  but  when  concurrent 
with  pronounced  anaemia  it  is  particularly  significant  of  ankylostomiasis, 
and  ])lainlv  calls  for  a microsco{)ical  examination  of  the  stools  for  the  ova 
of  this  pai-asite. 

The  patholocjkal  anatomy  is  that  of  extreme  anaemia,  ])lns  the  local  lesions 
in  the  small  intestines  produced  by  the  ankylostomes.  Besides  the  extreme 
pallor  and  bloodlessness  of  all  the  tissues,  there  is  general  oedema,  and 
often  also  effusion  into  the  serous  cavities.  Many  of  the  viscera  shew 
signs  of  fatty  degeneration,  particularly  the  heart,  which  is  pale,  yellowish, 
Habbv,  and  dilated.  Some  pathologists  have  described  an  excess  of 
iron  in  the  liver,  pointing  to  a haemolytic  as  well  as  a simple  haemorrhagic 
origin  for  the  anaemia  ; .such  a haemolysis  they  attribute  to  the  absolution 
by^  the  intestine  of  some  product  of  the  para.site.  Other  observers  deny 
any  excess  of  iron  in  the  liver,  and,  consequently,  the  toxic  absorption 
referred  to.  If  careful  search  be  made  soon  after  death  in  the  small 
intestine  the  AnkyloAoma  may  be  found  still  attached  by  the  mouth 
to  the  mucous  membrane ; if  the  post-mortem  has  been  delayed 
the  parasites  will  be  found  loose  in  the  mucus.  Scattered  about  the 
intestine,  in  and  under  the  mucous  layer,  and  shewing  through  the 
serous  and  muscular  coats  of  the  pallid  bowel,  a number  of  small 
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ecchyinoses  are  to  be  seen.  If  the  centres  of  these  be  carefully  scrutinisscd 
the  minute  wound  inflicted  by  the  ankylostome  can  be  detected.  In  rare 
instances  parasites  have  been  found,  singly  or  in  pairs,  in  a blood-filled 
cavity  the  size  of  a filbert  underneath  the  mucous  membrane ; a minute 
aperture,  the  hole  by  which  the  worms  had  entered,  opening  into  it.  The 
sites  of  old  haunorrhages  are  indicated  by  punctiform  pigmentation.  At 
times  there  may  be  thickening  and  even  swelling  of  the  mucosa,  and 
other  signs  of  old  and  recent  catarrh.  The  mucous  membrane  of  that 
part  of  the  bowel  where  the  parasites  are  located  is  usuall\'  streaked  with 
blood  ; rarely  (although  such  cases  are  on  record)  is  the  bowel  found 
filled  with  a more  extensive  htemorrhage. 

Treatment. — Until  the  introduction  of  thymol  by  Bozzolo  in  1880,  the 
extract  of  male  fern,  in  heroic  and  sometimes  toxic  doses,  was  the  only 
eflicient  anthelmintic  in  atdvylostomiasis.  In  Brazil  the  juice  of  the  Fievs 
dulearia  enjoyed  a certain  reputation.  Both  of  these  remedies  were 
superseded  by  tlnunol,  which  had  the  further  advantage  of  being  effecti\e 
against  a variety  of  intestinal  parasites,  such  as  tapeworm,  Fusdolop.'fis 
Imdi,  Gastrodiscus  honiiuis,  and  possibly  others.  Beta-naphthol  is  also 
used,  and  quite  recently  oil  of  eucal3  ptus  has  been  advocated ; it  is  very 
effective,  and,  being  le.ss  toxic  and  much  more  pleasant  to  take,  is  likely 
to  supersede  filix  mas,  thymol,  and  beta-mqdithol. 

To  be  effective  thvmol  must  be  given  in  full  doses,  15  to  30  grains, 
repeated  three  or  four  times  at  intei'vals  of  one  and  a half  to  two  hours. 
If  the  bowels  do  not  act  spontaneously  within  twelve  hours  of  the  last 
ilose  a purgative  should  be  given.  It  is  well  to  clear  out  the  bowels  tlie 
day  before  the  administration  of  the  thvmol,  and  to  place  the  patient  for 
the  time  being  on  liquid  diet.  It  is  best  administered  in  cachets  or 
tablets.  In  hospital  or  dispensary  ])ractice  in  the  endemic  districts 
considerations  of  expense  suggest  that  it  had  better  be  given  in 
suspension,  care  being  taken  that  it  is  finely  triturated  before  mixing. 
.-V  draught  may  be  served  out  from  a stock -bottle  so  prepared. 
.-Vlthough  thymol  is  very  insoluble  in  water  there  is  some  danger 
attending  its  use  and  arising  from  its  absorption  in  poisonous  amount. 
Due  ju’ecaution  must  be  taken  against  such  a mishap.  Thornhill  of 
Ce}don,  as  well  as  others  with  extensive  experience  in  the  use  of  the  drug, 
state  this  most  cm])hatically,  and  refer  to  several  deaths  from  collapse 
after  full  doses.  Thymol  is  very  soluble  in  alcohol,  ether,  tui'pentine, 
chloroform,  oil,  certain  alkaline  solutions,  and  in  glvcerin.  Therefore, 
during  treatment,  and  while  the  drug  is  still  in  the  alimentary  canal,  these 
solvents  must  be  cai'efully  withheld.  These  dangers  and  precautions  ai'c, 
as  a rule,  not  sufficiently  recogni.sed  by  jwactitionei’s,  nor  insisted  on  by 
authors.  Signs  of  th^unol-poisoning,  such  as  delirium,  vei'tigo,  and  dark- 
brown  urine,  must  be  regarded  as  indications  that  the  use  of  the  drug 
should  be  suspended  for  a time. 

Eight  daj'^s  after  a course  of  thymol  or  beta-naphthol,  which  may  be 
prescribed  in  the  same  way,  the  stools  should  again  be  examined  micro- 
scopically ; if  ova  arc  found  to  be  still  present  the  drug  should  be 
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repoaiod.  A certain  proportion  of  the  ankylostomes  resist  its  action, 
hence  the  necessity  for  readininistration. 

Lncalyptiis  oil  slionld  be  given  in  combination  with  chloroform  and 
castor  oil.  The  method  recommended  is  to  prescribe  min.  x.xx,  chlorcd'orm 
min.  .\lv.,  castor  oil  ~;X.  Half  of  this  is  given  in  the  morning,  fasting, 
the  other  half  thirty  nrinntes  later.  I'he  drugging  may  be  repeated 
every  other  day,  or  as  long  as  eggs  are  found  in  the  stool.  After  the 
expulsion  of  the’  parasites  has  been  secured  the  aiuemia  should  be  treated 
by  iron,  dieting,  and  on  ordinary  principles. 

rrophiila.cis. — In  all  countries  in  which  aidvylostomiasis  is  endemic 
great  care  should  be  taken  to  secure  a pure  water-supply.  Where  this  is 
impracticable  all  drinking-water  should  be  boiled  or  filtered.  Agricultiu-ists, 
brick-makers,  miners,  and  all  those  whose  hands  or  feet  are  apt  to  be 
soiled  with  earth  or  clay,  must  wash  most  carefully  before  eating,  and 
on  returning  from  work  ; field-workers  should  be  encouraged  to  wear 
shoes  and  })utties.  In  villages  and  plantations  those  responsible  for  the 
health  of  the  natives  should  prevent  contamination  of  the  watei'-supply 
and  of  the  ground  by  the  indiscriminate  casting  of  night-soil  about  ; and 
also  insist  on  the  systematic  use  of  jirivy  trenches,  or  other  suitable 
contrivance,  in  Avhich  the  fteces  may  be  disinfected  or  etfectually  and 
permanently  cos  ered  up. 

Coolies  should  be  regularly  inspected,  and  amemic  individuals  should 
be  e.xamined  for  ankylostomes  and  treated  if  necessary.  The  workers 
in  infected  mines  should  be  similarly  inspected,  and  the  mines  kept  as 
dry,  cool,  and  sanitary  as  possible. 

vi.  Triodontophorus  deminutus  Kailliet  and  Henry  1905.  A new 
species  allied  to  the  Strongylidaj  has  recently  been  described  by  Kailliet 
and  Henry.  The  worms  are  cylindrical,  pointed  at  each  end,  and  striated 
transversely.  The  buccal  capsule  contains  three  teeth.  The  male  is 
9 '5  mm.  long.  Its  genital  bursa  is  broader  than  long.  The,  female  is 
11 ‘7  mm.  long.  The  eggs  arc  0’06  by  0'04.  The  parasites  came  from  a 
negro’s  intestine  at  Mayotte.  The  genus  Triodontophorus  usually  inhabits 
the  large  intestine  of  the  Equidte. 

vii.  (Esophagostomum  brumpti  Kailliet  and  Henry  1905.  The 
same  obsei'vers  have  also  described  this  new  sjKicies,  taken  from  tumours 
in  the  large  intestine  of  an  African  negro.  Otdy  immature  females  were 
found.  Their  length  Avas  8'5  - 10  mm.  There  arc  .six  cephalic  papilla)  and 
an  oral  ciicle  of  twelve  spines.  The  genus  is  found  in  several  mammals, 
including  nioid<eys  and  apes.  The  young  forms  usually  occui’  in  nodules 
in  the  intestinal  Avail. 


Family  III. — Triehotrachelidte 

-So  called  from  the  long  thin  “ neck,”  at  the  end  of  Avhich  is  placed  a 
simjAle,  punctiform  mouth.  The  (esophagus  in  all  the  species  constituting 
this  family  is  also  very  long  and  moniliforin.  dhe  “body,’  Avhich  con- 
tains the  reproductive  organs,  is  thicker.  The  spiculum  is  single  or 
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absent.  There  is  only  one  ovary ; the  female  reproductive  pore  is  at  the 
junction  of  “neck”  and  “body.” 

i.  Triehocephalus  triehiurus  (L.)  1771.  — (Synonyms  : Aticaris 

frkhiimi  L.  1771;  Triehocephalus  homiuis  Schrank  1788;  Triehocephalus 

dispar  Rud.  1801.) — This  parasite,  known  as 
the  whipworm,  whose  principal  habitat  is  the 
caecum,  measures  in  length,  in  the  case  of  the 
male  worm,  40  to  4.o  mm.,  in  the  case  of  the 
female  worm  45  to  50  mm.  It  looks  as  if  made 
up  of  two  portions^ — (first)  the  long  filiform 
neck,  which  somewhat  abruptly  expands  into 
(second)  the  thick  and  relatively  short  body  ; it 
reminds  one  in  shape  of  a certain  ])attern  of 
whip — hence  its  name  in  the  vernacular. 

In  the  male  the  posterior  part,  or  bodj’-,  is 
disposed  in  a spiral  of  one  or  two  turns ; it  ends 
abruptly.  The  cloaca,  from  which  the  single 
spicule  (2 '5  mm.  long)  and  its  sheath  usually 
protrude,  is  terminal.  In  the  female  the  body 
is  nearly  sti'aight  and  tapers  gradually  to  the 
pointed  end,  the  anus — a transverse  slit — being 
subterminal.  The  vagina  opens  at  the  root  of 
the  neck.  The  cuticle  in  both  sexes  is  tran.s- 
versely  striated,  and  is  further  marked  by  a 
longitudinal  band  of  minute  papillm  extending 
from  head  to  tail  along  the  ventral  surface. 


Uterus  and  testis  are  single,  and  fill 


long 


the  thick 
neck 


IS 


Fio.  187. — Trichocephalu/i  trichi- 
tirus.  a,  male  (nat.  size) ; 6, 
male  (enlarged) ; c.  female  (nat. 
•size).  After  lllanchanl. 


posterior  part  of  the  worm.  The 
occupied  by  the.  oesophagus  only. 

The  ova,  with  Avhich  the  uterus  and  capacious 
vagina  are  crowded,  measure  0'05  to  0‘054  mni. 
by  0‘023  mm.  They  are  oval,  brown,  thick- 
shelled,  and  are  readily  distinguislied  from  all 
other  intestinal  ova  by  the  clear  pale  bodies  which 
mark  both  poles  of  the  oval.  At  these  points 
the  shell  is  deficient,  the  holes  so  formed  being 
plugged  by  a sort  of  tampon  of  a clear  homogeneous  material  (Fig.  188). 

Like  the  ovum  of  A.  lumbricoides,  that  of  T.  triehiurus  contains  no 
differentiated  embryo  on  first  leaving  the  parent  worm ; it  has  to 
pass  a long  time — inanj'^  months,  sometimes  as  many  as  eighteen — in 
water  before  the  embryo  is  developed  and  ready  for  direct  transference 
to  the  human  stomach.  The  ova  are  ])osscssed  of  great  resisting  powers, 
and  may  be  frozen  or  desiccated  without  permanent  injury  to  their 
vitality.  The  embryo  requires  no  intermediate  host,  but  reaches  the 
stomach  in  water  or  in  food  while  still  in  ovo ; here  the  shell  is  dissolved 
and  the  embryo  liberated.  In  four  or  five  weeks — as  has  been  j)roved 
by  direct  experiment — the  young  parasites  arrive  at  sexual  maturity. 
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Although  the  usual  situation  of  the  TrickoCi'phaluf:  is  the  caecum,  it  is 
found  at  times  in  the  other  sections  of  the  alimentary  canal,  even  in  the 
'Stomach.  The  latter  rarely  occurs ; but  it  is  very  often  found  at  the 
lower  end  of  the  ileum,  in  the  vermiform  appendix, 
land  in  the  ascending  colon.  Usuall}'’  it  lies  loose  in 
the  gut;  occasionally,  however,  specimens  are  en- 
countered which  cannot  be  readily  displaced,  and  which, 
la  according  to  Leuckart,  have  fixed  themselves  to  the 
Si  mucous  membrane  bv  transfixing  a fold  of  it  Avith  their 
1 1 long  necks  as  Avith  a pin,  the  fine  end  emerging  on 
[ithe  surface  of  the  mucosa  some  distance  from  the  spot 
ito  Avhich  the  body  seems  to  be  attached.  Other 
1 1 obserA'ers  deny  that  these  Avorms  so  fix  themselves. 

' Metchnikoft’  has,  hoAveA^er,  draAvn  attention  to  the  fact 
. that  the  long  neck  of  this  Avorm  sometimes  pierces  the 
1 Avail  of  the  coecura  or  appendix,  and  lay  letting  out  the 
intestinal  contents  Avith  their  bacteria,  peritonitis  and  appendicitis  are  set 
■ up.  Besides  man,  certain  species  of  ape  and  lemur  harbour  this  parasite. 


i ‘ 


Fio. 


18S.  — Kgg  of 
Trichocephaiiia  tri- 
chiunis  (X  about 
400).  Colourle.s.s. 
From  fjoos.s. 


Fic.  180. — Trkhoceplialus  trichiurus  Hud.,  attaolmd  to  part  of  tlie  human  colon  (x  2). 


In  T.  trichiurus  the  sexes  are  tdiont  equal  in  numbers ; if  anything, 
the  males  are  the  more  numerous.  It  is  a rare  thing  to  find  more  than 
a dozen  or  tAvo  specimens  in  one  body,  but  every  uoav  and  then  cases  of  a 
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high  degree  of  infection  are  met  with  in  which  the  csecum  contains 
hundreds  and  even  thousands  of  these  parasites. 

In  its  geographical  distribution  the  Trichocephalus  is  cosmopolitan. 
Speaking  generally,  it  may  be  said  to  be  more  common  in  the 
inhabitants  of  wai-m  than  in  those  of  cold  climates.  There  are  many 
local  circumstances,  particularly  the  character  of  the  water-supply 
which  have  an  important  influence  in  determining  the  proportion 
of  inhabitiints  ati'ected  in  any  given  place.  In  Paris,  for  e.xample, 
Davaine  believed  that  one-half  the  population  were  affected;  in  Dresden, 
of  19.‘I9  individuals  in  whom  the  TrichocejjJialns  was  sought  for  it  w;is 
found  in  only  2'5  per  cent ; in  Erlangen,  of  1755  individuals  it  was  found 
in  llTl  percent;  in  Kiel,  of  611  individuals  in  30'6  per  cent.  It  is 
very  common  in  the  i\talay  Archipelago,  as  elsewhere  in  the  tropics;  thus, 
in  Sumatra,  Erni  found  it  24  times  in  30  autopsies. 

The  Tricibocephalus,  so  far  as  is  known,  has  ver}"  little  pathological 
significance,  e.xcept  when  it  porfoi’ates  the  intestirie.  A few  cases  are 
recorded  in  which  nervous  symptoms  were  found  in  association  with  a high 
degree  of  infection.  Rut  there  is  no  adequate  ground  for  supposing,  :is 
some  have  asserted,  that  it  is  in  any  way  responsible  for  such  diseases  ;is 
typhoid  fever  or  beribei'i. 

Several  cases  of  anaemia  (some  fatal)  are  reported  as  caused  by  the 
presence  of  this  parasite — the  blood  sheAving  a fall  in  the  number  of  red 
cells,  marked  poikilocytosis,  and  the  appearance  of  nucleated  red 
corpuscles  mainly  of  the  normoblastic  type.  In  some  fcAv  cases  it  seems 
to  have  set  up  eosinophilia,  but  this  appears  not  to  be  the  rule. 

Treatment. — Although  these  worms  are  often  expelled  accidentally  by 
the  male  fern,  santonin,  or  thymol  administered  for  other  kinds  of 
intestinal  worms,  these  drugs  are  by  no  means  to  be  relied  on  as  specific 
against  Trichoccpluilm.  No  good  anthelmintic  is  knoAvn  for  this  parasite. 

Prophjila.ns  shmdd  consist  in  securing  a pure  Avater-suiiply,  or  in 
boiling  or  filtering  drinking-Avater  Avhen  it  is  not  absolutely  above 
suspicion. 

ii.  Trichinella  spiralis  (OAven)  1835. — (Synonym:  Trichina  spiralis 
Owen  1835.)  — Although  the  muscle,  encysted,  or  laiwal  form  of 
Tr.  spiralis  (Fig.  190)  had  been  previously  seen  b}’^  one  or  tAvo  observers, 
to  Sir  James  Paget  belongs  the  merit  of  being  the  first  to  recognise  the 
true  natui'e  of  these  bodies.  His  discovery  Avas  confirmed  by  Oavcii, 
Avho,  in  1835,  gave  the  parasite  the  name  of  Trichina  spiralis,  but  as 
the  Jiame  Trichina  proved  to  be  preoccupied,  Eailliet  has  called  it 
Trichinella.  Since  that  time  much  attention  has  beeii  paid  to  the  subject, 
principally  bj^  German  observers ; so  that  at  the  present  day  the  life- 
histoiy  of  the  parasite  and  the  important  pathological  states  to  Avhich  it 
gives  rise  are  fairly  Avell  understood. 

If  the  voluntary  muscles  of  a man  oi-  other  animal  affected  Avith 
trichinelliasis  be  examined  Avith  a lens,  and  the  examination  be  made  any 
time  after  the  fifth  or  sixth  AA^eek  from  the  date  of  infection,  an  innumer- 
able multitude  of  minute  cysts,  each  including  a tiny  coiled-up  Avorm,  can 
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l''iO.  190. — TOnliiiiHlla  : capsule,  with  comiective-ti.ssue 
covering.  A,  alive  ; H,  capsule  calcified. 


>e  seen  dotted  about  the  tissue,  and  lying  between  and 
the  fibres.  If  a fragment  of  the  affected  muscles 
on  a glass  slip,  teased  out,  lightly  compressed  beneath  a 
then  examined  with  a magnify- 
ing power  of  some  forty  or  sixty 
diameters,  as  the  slide  is  slightly 
warmed,  or  a solution  of  potash 
added  to  it,  the  little  worm  is  seen 
to  move.  It  is  therefore  alive. 

'I'his  is  the  encysted  or  hirval 
form  of  7V.  spiralis  (Fig.  190). 

The  cyst,  in  which  the  Trichi- 
•nrlla  lies  suiTounded  by  a clear 
albuminous  fluid,  is  oval  or, 
rather,  lemon-shaped  in  form, 
having  two  more  or  less  pro- 
nounced diverticula  at  the  poles. 

Its  long  diameter,  which  corre- 
sponds in  direction  with  the 
muscular  fibres,  may  be  set 
down  on  an  average  at  O'-l 
mm.,  and  its  short  at  0'2o  mm. 

The  capsule  of  the  cyst  is  chitinous  in  character  and  lamellated  ; it  varies 
a good  deal  in  thickness  according  to  the  part  of  the  cyst  examined 
and  to  its  age,  being  always  thickest  at  the  poles  and  in  the  oldest  cysts, 
and  least  dense  and  most  transparent  in  young  cysts  and  about  the 
equator.  Some  cysts  are  more  globular  than  others, 
contain  only  one  Trichinella,  but  cysts  cotitaining  two 
up  to  six  or  seven,  are  frequently  encountered. 

In  cold  find  dead  muscle  the  included  Trichinella’  quite  passive,  and 
lie  rolled  up  in  a close  spiral  of  four  or  five  turns.  In  warm  and  fresh 
muscle  the  spiral  is  more  open,  and  more  in  contact  with  the  cyst-wall, 
over  which  the  head  end  of  the  •worm  is  seen  to  move  slowly.  The  -worm 
itself  is  cylindrical,  tapered  off  anteriorly  to  relatively  small  dimensions, 
thicker  posteriorly,  where  it  is  abruptly  rounded  off.  It  measures  from 
0‘8  ram.  to  1 mm.  in  length  by  0'04  in  width.  The  mouth  opens  at  the 
fine  end,  the  anus  at  the  thick  end,  an  alimentary  canal  of  the  type 
characteristic  of  the  Trichotrachelidae  running  between  these  two  points. 
In  addition  to  the  straight  aliment;iry  canal  the  rudiment  of  the  sexual 
organs  can  be  made  out  as  a thick  tube  occupying  the  greater  part  of  the 
ventral  portion  of  the  posterior  half  of  the  body  ; development  in  this 
respect,  though  not  complete  in  the  encysted  worm,  is  well  advanced,  the 
sexes  being  already  distinguishable. 

If  a piece  of  raw  flesh  containing  these  encysted  Trichinella’  be  eaten 
by  man  or  by  certain  of  the  lower  animals,  the  cysts  are  dissolved  by 
the  gastric  juices  and  the  parasites  liberated  ; they  then  quickly  pass  into 
the  small  intestine,  where  the  sexual  organs  rapidly  complete  their 
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(levolopment.  At  the  end  of  about  two  and  a halt  ilays  iiuproguatioii  is 
otlected. 

At  this  stage  the  worms  have  grown  slightly — the  male  to  1‘4-1‘C 
mm.,  the  female  to  1‘o-l'S  mm.  Both  sexes  retain  their  cyliiidro- 
conical  shape,  but  the  male  is  now  seen  to  be  provided  at  the  posterior 
end  with  two  appendages  resembling  the  jaws  of  a pair  of  pincers.  These 
organs  form  a sort  of  copnlatory  bursii,  their  function  being  to  tix  the  female 
in  coitii.  The  male  has  no  spicule,  but  the  cloaca  can  be  evaginated, 
thus  forming  a penis.  Between  the  caudal  appendages  lies  the  cloaca, 
and  behind  the  cloaca  two  small  papilhe.  In  the  female,  the  single 
ovarian  tube  runs  forward  to  terminate  in  the  vulva  on  the.  ventral 
surface  about  the  junction  of  the  anterior  with  the  .second  fifth  of  the 
body.  In  both  sexes  the  oral  end  is  very  finely  pointed,  carrying  at  its 
tip  the  pnnetiform  month. 

When  copulation  tjikes  place  the  female  has  not  attained  her  full  size; 
she  is  then  but  little  largci-  than  the  male  worm.  Impregnation  effected, 
however,  the  male  woiau  dies,  and  the  female  grows  rapidly  to  two  or 
three  times  (3-4  mm.  1)V  O'Ch  mm.)  her  oiiginal  size.  (Irowth  takes 
place  principally  in  the  posterior  part  of  the  body,  and  is  appaiently  a 
consequence  of  the  rapid  tlevelopment  of  the  ovarian  contents.  The 
TrirhineUa  is  ovo-viviparons.  The  npj)er  part  of  the  oviduct  is  filled  with 
segmenting  ova ; lower  down  the  embryo  becomes  apparent,  enclosed  in 
its  vitelline  membrane  ; lower  still  this  membrane  dis;i])pears,  and  the 
embryo  is  free.  The  first  of  the  young  Trirhinelhr  are  born  about  the 
sixth  or  seventh  day  from  the  date  of  infection.  The  j)arent  worm 
continues  to  pour  forth  her  young  in  a continuous  but,  after  a time, 
diminishing  stream  during  the  following  five  or  six  weeks,  when,  after 
having  given  birth  to  a swarm  of  many  thousands,  she  dies  and  is 
\'oid.ed. 

The  young  Tricliinellcr,  which  are  minute,  lancet-shapeil  organisms 
with  a thick,  rounded  anterior  which  gradually  tapers  to  a fine  tail, 
measure  about  OT  mm.  by  G'006  mm.  There  are  tno  views  as  to  how 
the  larvm  make  their  way  into  the  mnscidar  tissue.  The  first  is  that  soon 
after  birth  they  penetrate  and  traverse  the  walls  of  the  intestine,  cross 
the  peritoneal  cavity,  and,  travelling  along  the  connective-tissue  spaces, 
finally  come  to  rest  in  voluntary  muscle  and  in  certain  other  tissues. 
'Phe  second,  and  at  present  more  generally  accepted,  view  is  that 
the  gravid  female  bores  through  the  tissue  of  the  intestine  until  she 
reaches  a lynqih- vessel.  Here  she  discharges  the  embryos,  which 
are  cariied  by  the  stream  of  lymph  all  over  the  body,  coming 
to  rest  mainly  in  the  striated  muscles.  At  the  close  of  their  migra- 
tion they  measure  01 2 mm.  in  length.  During  this  journey,  which, 
according  to  tln>.  distance  travelled,  may  last  a longer  or  shorter  time  up 
to  ten  days,  the  TrichineUtv  increase  slightly  in  size,  and  traces  of  an 
alimentary  canal  begin  to  appear.  On  ai-rival  at  its  destination,  the 

inside  of  a muscular  fibre,  they  give  rise  by  their  movements  and 
presence  to  a certain  amount  of  irritation,  leading  to  proliferation  of  the 
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connective  - tissue  cells  in  its 
iinniediute  neighijourhooil.  In 
and  prol>al)l\’  t'roin  the  exuda- 
tion so  produced,  the  capsule 
of  the  cj'st,  already  described, 
is  moulded,  the  moulding  pro- 
cess possibly  being  effected  by 
I the  rotatory  movements  ot  the 
' worm  now  passing  into  its 
I larval  and  passive  state.  Some 
I helminthologists  believe  that 
! the  cyst-wall  is  formed,  not  in 
I the  way  described,  but  very 
I much  as  the  cyst- wall  of  the 
I trematode  larva?  is  formed, 
i namely,  from  a secretion 
proper  to  the  animal  itself. 

Step  by  ste])  •with  the  pro- 
gress of  encystment  the  parasite 
gradually  ceases  to  move ; it 
then  coils  itself  up,  and,  in- 
creasing in  size,  assumes  the 
larval  characters  already 
described.  Eighteen  days  from 
the  time  of  infection  this  pro- 
cess is  complete  ; after  that  the 
young  larva,  on  being  trans- 
ferred to  the  stomach  of  another 
animal,  is  capable  of  attaining 
sexual  maturity. 

In  the  encysted  state  the 
Trichmella  retains  its  capacity 
for  further  development  for 
many  years  — five,  ten,  even 
twenty  years.  Ultimately, 
however,  the  cyst  undergoes 
fatty  and  calcareous  changes, 
and  the  parasite  it  contains 
dies. 

Such,  briefly,  is  the  life- 
history  of  the  Trirhinella  spimlis. 
It  is  manifest  that,  cannibal 
countries  excepted,  man  cannot 
possibly  be  the  normal  host  of 
the  panisite  ; nor,  although  the 
pig  is  the  invariable  medium 
of  infection  for  man,  can  we 
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regartl  even  the  pig,  which  in  a state  of  nature  has  few  opportunities 
of  indulging  its  carnivorous  propensities,  as  the  proper  host.  It  is 
believed  that  Trichinella  spiralis  is  normally  and  properly  speaking  a 
parasite  of  the  rat ; and  that  its  occurrence  in  other  animals  is  more  or 
less  of  an  accident  depending  on  the  artificial  conditions  of  life  impo.sed 
hy  civilisation.  Kats  are  known  to  devour  each  other  as  well  as  the 
dead  bodies  of  any  other  animals  they  may  chance  to  come  across ; and 
it  is  believed  that  it  is  by  this  animal,  and  in  this  way  that,  in  the 
natural  order  of  things,  the  species  Trichinella  spiralis  is  kept  in  existence 
and  transmitted.  Systematic  examination  of  the  rats  of  difierent 
countries  proves  the  extreme  lialiility  of  this  rodent  to  Trichinella  in- 
fection, and  tends  to  liear  out  tliis  view.  Thus,  an  investigation  in 
(Jerraany  shewed  that  8’3  per  cent  of  the  rats  in  certain  places  were 
trichinellised.  A similar  inquiry  in  the  United  States  of  America 
yielded  still  more  remarkable  results ; for  in  some  localities  1 0 per 
cent  of  the  rats  were  affected,  in  other  localities  even  100  per  cent. 
Impressed  by  these  and  similar  facts,  some  naturalists  have  suggested 
that  TrichineUa  spiralis  was  introduced  into  Euro})e  from  Asia  by  the  grey 
rat,  which  first  made  its  appeai'ance  in  Germany  in  1770. 

It  is  further  believed  that  the  pig  in  the  first  instance  is  very  often 
infected  by  eating  dead  and  trichinellised  rats  which  had  died  in  or  been 
thrown  into  its  sty,  or  which  it  may  have  come  across  and  devoured  in 
the  course  of  its  grubbings.  The  liability  of  the  pig  to  infection,  how- 
ever, is  further  and  very  much  increased  by  the  thoughtless  way  in 
which,  too  often,  it  is  fed  on  kitchen  slops,  on  scraps  of  offal,  and  on  the 
washings  and  refuse  of  slaughter-houses,  which  may  very  well'  contain — 
particularly  in  large  killing  and  packing  establishments  such  as  those  in 
America — fragments  of  trichinellised  swine’s  flesh.  In  this  way  the  offal 
of  a single  trichinellised  carcase  may  infect  an  entire  herd ; ami  one  can 
readily  conceive  of  circumstances,  particularly  in  those  largo  establish- 
ments in  which  swine  are  bred  and  fattened  as  well  as  slaughtered, 
whereby  this  systematic  feeding  on  offal  must  inevitably  lead  not  only  to 
general  trichinelliasis  of  the  stock,  but  to  an  increasing  and  finally  an 
extreme  degree  of  this  most  dangerous  form  of  parasitic  disease. 

Another  2'>oint  of  practical  importance  is  the  circumstance,  now 
thoroughly  established,  that  the  larval  TrichinelliB  encyst  themselves,  not 
only  in  the  voluntary  muscles,  but  also  in  the  connective  tissue  of  many 
other  organs,  notably  in  the  panniculus  adiposus  and  in  the  coats  of  the 
intestine.  In  this  way  it  comes  about  that  they  are  to  be  found  in  lard, 
in  sausage  skins,  and  in  other  food  preparations,  which  might  be  looked 
upon  as  unimportant  l)3'^-products  of  the  pork  factory.  Of  all  the  muscles 
of  the  body  the  diaphragm,  and  particularly  its  pillars,  is  most  subject 
to  trichinelliasis  ; next  to  it  the  intercostal  muscles  ; the  muscles  of  the 
neck,  and  the  muscles  of  the  eye  ; in  the  larger  muscles  the  parasites  are 
most  numerous  near  the  tendinous  ends.  Now  it  so  happens  that  these 
parts  form  just  the  scraps  which  in  economical!)'  conducted  establish- 
ments are  worked  up  into  sausages  and  similar  preparations  ; hence  the 
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many  acciilents  that  have  occurred  from  eating  such  tilings  when  iin2:ier- 
fectly  cooked.  Ne.xt  to  those  already  enumerated,  the  muscles  of  the 
upper  part  of  the  trunk  are  most  liable  to  infection  ; then  those  of  the 
lower  part  of  the  trunk ; of  the  muscles  of  the  limbs,  those  nearest 
the  trunk  are  most  affected.  It  may  he  mentioned  that  the  heart  rarely 
contains  Trirhinelhv. 

Another  point  of  great  practical  importance  is  the  remarkable  resisting 
powers  displayed  by  the  Trichinella  as  against  decomposition,  high  and 
low  temperatures,  desiccation,  and  the  action  of  the  chemical  substances 
employed  in  pickling.  Trichinellce  which  had  lain  in  puti-id  meat  for 
over  100  days  were  still  alive;  and  Fourment  has  shewn  that  the 
Trickinellte  in  pork  which  had  been  steeped  in  pickle  were  still  alive  at 
the  end  of  fifteen  months,  and  were  capable  of  infecting  and  killing  mice 
in  a very  few  days.  Benecke  also  has  shewn  that  the  Trickinellte  in 
hams  and  sausages  which  had  been  in  pickle  for  twelve  days  and  then 
smoked  were  alive  nine  months  afterwards.  Neither  are  they  killed  by 
temperature  as  low  as  - 20°  0.  Leuckart  exposed  a ham  during  a whole 
night  in  winter,  and  also  during  three  days  when  the  temperature  ranged 
from  - 22°  to  - 25°  C.,  and  yet  the  Trickinellte  it  contained  survived. 

Still  more  remarkable  and  important  is  the  tolerance  by  this  parasite 
of  high  temperature.  Perroncito  asserts  that  on  the  stage  of  the 
microscope  an  exposure  of  a few  minutes  to  a temperature  of  from  48° 
to  50°  C.  suffices  to  kill  it.  Other  observers,  however,  maintain  that  in 
other  and  more  ordinary  circumstances  the  parasite  will  resist  a tempera- 
ture of  60°,  70°,  or  even  of  80°  C.  If  this  be  so,  it  is  evident  that  the 
Trickinellte  in  the  centre  of  a large  joint  of  pork  will  not  be  killed  by 
cooking  as  ordinarily  conducted,  and  that  the  Trickinellce  in  chops  or 
cutlets  apparently  well  cooked  may  still  be  alive.  It  has  been  shewn 
that  after  two  hours’  boiling  the  temperature  at  the  centre  of  a large  ham 
had  only  risen  to  33°  C. ; after  six  hours  to  65°  C. ; and  that  it  was 
only  after  ten  hours’  hard  boiling  that  85°  C.  was  reached.  Hence,  to 
bo  really  effective  against  the  Trickivella,  the  cooking  of  pork  and  ham 
must  be  much  more  prolonged  and  thorough  than  is  customary.  Little 
wonder,  therefore,  that  several  epidemics  of  trichinelliasis  have  been 
caused  by  swine’s  flesh  cooked  in  the  ordinary  way.  That  of  Posen, 
occurring  in  1863,  in  which  seven  persons  were  attacked  after  eating  food 
which  had  been  cooked  for  an  hour  and  a half,  is  an  instance  in  point ; 
the  Workington  epidemic  in  1871,  as  narrated  by  Cobbold,  is  another 
instance.  That  this  is  the  only  epidemic  recorded  as  occunang  in  Britain 
is  in  some  measure  attributable  to  the  thorough  way  in  which  food  is 
cooked  in  this  country  as  compared  with  Germany ; the  same  remark 
applies  to  France,  Italy,  and  especially  to  China. 

Geographical  Distribution. — As  rats  and  pigs  are  now  found  in  all  lands, 
Trichinella  spiralis  is  one  of  the  cosmopolitan  parasites.  It  is  more 
common,  however,  in  some  countries  than  in  others,  its  degree  of 
frequency  being  probably  in  great  measure  influenced  by  the  habits  of 
the  human  inhabitants  in  the  matter  of  pig-keeping  and  pig-feeding.  In 
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( treat  Britain  it  is  I’are  ; it  is  I'are  also  in  France  and  in  Italy.  It  is 
common  in  America,  Holland,  Denmark,  Sweden,  and  Germany,  riurs, 
of  53,318  pieces  of  American  pork  or  preparations  of  pork  examined  at 
Havre,  France,  1087  pieces,  or  i>-03  per  cent,  were  found  to  contain 
Trichindhi'  observations  made  in  different  parts  of  America  variously 
state  the  ])ro])ortion  of  trichinellised  pigs  at  from  5 to  8 per  cent.  In 
Germany,  at  Bostock,  one  pig  in  33G  was  trichinellised;  in  Brunswick 
one  in  every  5172;  and  in  Prussia  one  in  al)OUt  every  2000.  In  India 
the  Trkhinella  is  said  to  occur  frequently.  In  China  (Amoy)  the  ixirasite 
was  found  twice  in  219  carcases. 

Triehinelliasis  or  Triehinosis. — For  many  years  subsequent  to  its 
discovery  Tridiinella  spiralis  w'as  looked  upon  as  an  innocuous  parasite, — 
a curiosity,  l)ut  in  other  respects  of  no  interest  to  the  pathologist.  In 
1860  a series  of  brilliant  discoveries  by  Zenker,  Virchow,  Leuckart,  and 
others,  placed  the  matter  in  a very  diffei’ent  light,  and  conclusively  proved 
that  the  Trichindla  and  trichinellised  ]3ork  were  responsible  for  many 
peculiarly  localised  and  very  deadly  eiffdemics,  the  nature  of  which  had 
not  hitherto  been  understood. 

In  the  year  referred  to  a young  girl  died  in  hospital  at  Dresden,  it 
was  supposed  of  enteric  fever.  A marked  feature  in  her  case  had  been 
severe  pains  in  the  muscles.  At  the  post-mortem  examination  no  ulcera- 
tion of  Peyer’s  patches  was  discovered.  When  Zenker  came  to  exannne 
the  muscles  which  had  been  the  seat  of  so  much  pain,  he  was  astonished 
to  find  that  they  were  stufted  with  Tridiinella’ ; and  when,  in  consequence 
of  this  discovery,  he  directed  his  attention  to  the  contents  of  the  alimentary 
canal,  he  had  no  difficulty  in  finding  there  numl)ers  of  adult  parent  worms. 
The  girl  had  evidently  died,  not  of  enteric  fever  as  was  supposed,  but  of 
triehinelliasis.  Pursuing  the  subject  Zenker  traced  the  giiTs  infection  to 
certain  j^reparations  of  pork  ; and  he  further  ascertained  from  the  butcher 
who  had  supplied  the  meat  that  others  among  his  customers,  and  several 
members  of  his  own  family  who  had  partaken  of  the  pork  which  had 
poisoned  the  girl,  had  been  ill  also,  and  all  very  much  in  the  same  way. 
Indeed,  so  many  of  his  customers  had  stiftered  that  he  stoi)ped  the  sale  of 
this  particular  parcel  of  pork.  Fortunately  some  fi'agments  of  the  carcase 
had  been  preserved,  and  in  this  Zenker  found  midtitudes  of  living 
encysted  Tridiinella^.  Henceforth  ti'icliinelliasis  took  its  place  among 
well  established  diseases,  and  a powerful  stimulus  was  given  to  Virchow 
and  Leuckart  to  continue  the  attempts  they  were  then  making  to  work 
out  the  life-liistoiy  of  the  pai-asite  ; this,  as  we  have  seen,  they  succeeded 
in  doing.  From  all  i^arts  of  Germany  and  from  other  countiles  evidence 
of  the  truth  of  Zenker’s  conclusions,  and  the  high  practical  value  of  his  dis- 
covery rapidly  accumulated.  Since  that  time  from  North  Germany  alone 
we  have  the  i-ecords  of  over  a hundred  epidemics  of  triehinelliasis.  Fi'om 
America  aiid  from  other  countries  we  have  similar  records.  So  that  at  the 
present  day  triehinelliasis  has  come  to  be  regarded  as  a very  real  danger 
to  certain  populations,  and  one  against  which  many  sanitary  regulations 
have  l)een  devised. 
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Si/i)ijifoins. — These,  of  course,  "will  depend  on  many  circumstances ; 
ui)on  the  numher  of  encysted  T richindkv  swallowed,  upon  individual  idio- 
syncras}’,  upon  the  number  (,)f  times  the  infection  may  be  repeated,  and 
so  forth. 

Koughly  speaking,  and  taking  a case  of  average  severity,  the  symj)toms 
of  trichinelliasis  are  divisible  into  three  stages — each  stage  corresponding 
to  a phase  in  the  evolution  of  the  parasite.  There  are — (first)  the  stage 
of  intestinal  irritation,  commencing  a few  hours  after  the  ingestion  of  the 
diseased  meat,  and  corresi)onding  to  the  growth,  development,  and  sexual 
activity  of  the  parent  TnehineUer,  and  to  the  penetration  of  the  alimentary 
canal  by  their  brood  of  }'oung  or  by  the  gravid  female ; (second)  the 
stage  of  myositis,  characterised  by  severe  muscular  pains  and  irritative 
fever,  and  produced  by  the  injury  done  to  the  muscles  by  the  migrating 
Trichindla  embryos ; and  (third)  the  stage  of  subsidence,  corresponding 
to  the  encystment  of  the  larval  'Tridiindite  and  gradual  subsidence  of  the 
myositis.  In  some,  particularly  in  severe  cases,  these  stages  are  well 
defined.  In  others,  again,  particularly  in  cases  of  mild,  or  of  mild  and 
sustained  infection,  they  are  not  well  defined — vague  rheumatoid  pains 
being,  perhaps,  the  only  evidence  of  trichinelliasis. 

In  an  attack  of  trichinelliasis  of  moderate  severity  the  symptoms 
commence  within  a few  hours,  or,  at  most,  within  a day  of  the  ingestion 
of  the  trichinellised  meat.  There  is  early  evidence  of  more  or  less  violent 
intestinal  irritation — vomiting,  diarrhtea,  foul  tongue  and  breath,  and 
colicky  pains,  accompanied  perhaps  with  cramps  and  cold  extremities. 
80  severe  may  these  sym])toms  be  that  they  have  often  been 
mistaken  for  cholera.  A large  dose  of  uncooked  trichinellised  meat  is 
more  likely  to  be  followed  by  such  symptoms  than  a smaller  dose  of 
partially  cooked  meat  in  which,  it  may  be  assumed,  many  of  the  TridiinelUi'^ 
have  been  destroyed.  The  intensity  of  the  intestinal  irritation  is,  how- 
ever, no  guide  to  the  danger  of  the  case ; for  the  very  severity  of  the 
vomiting  and  jmrging  is  the  means  of  expelling  many  of  the  parent 
Trichindla’.  before  their  young  are  born  and  have  penetrated  the  intestinal 
walls.  Cases,  therefore,  which  at  the  outset  are  attended  with  little  or  no 
diarrhaai  oi'  vomiting  may  be  quite  as  dangerous  in  the  long-run  as  those 
with  violent  choleraic  symptoms. 

About  the  ninth  or  tenth  day  from  infection,  diarrhoea  perhaps  still 
persisting,  the  characteristic  pains  in  the  muscles  set  in,  and  gradualh’ 
increase  in  severity.  The  muscles  become  swollen,  hard  like  ineces  of 
india-rubber,  and  very  tender  to  the  touch  and  on  being  put  into  action. 
Fever,  too,  is  lit  up  by  the  myositis,  and  may  run  high — even  up  to 
106’  F. ; usually,  however,  it  is  about  102°  or  103°,  with  slight  morning 
remissions.  Movement  causes  pain,  and  the  functions  of  many  important 
muscles  are  seiiously  interfered  with.  Thus,  respiration  may  be  affected 
by’  implication  of  the  diaphragm  and  intercostals ; mastication,  speech, 
and  deglutition  by  implication  of  masseters,  tongue,  pharyngeal  and  other 
muscles ; phonation,  l)y  imidication  of  the  laryngeal  muscles ; expression, 
by  implication  of  the  facial  and  orbital  muscles,  and  the  pain  of  moving 
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them.  Standing,  locomotion,  movement  of  the  hands  and  arms,  are  all 
very  painful — sometimes  impossible.  The  Hexor  muscles  are  especially 
attected.  At  this  stage  the  patient  lies  in  bed  with  his  limbs  maintained 
in  a state  of  scmitlexion,  or  in  such  position  as  entails  a minimum  of  pain 
— just  as  in  severe  rheumatism. 

In  most  cases  about  the  eighth  day  the  face,  particularly  about  the 
eyelids,  becomes  puffy  and  (edematous ; sometimes  there  is  chemo.sis. 
This  disappears  in  a few  days.  Later,  however,  about  the  fourth  or  fifth 
week,  a much  more  extensive  oedema  occurs  in  90  per  cent  of  serious 
cases.  It  affects  the  limbs,  often  the  ti'unk,  neck,  and  face — usually 
sparing  the  genitals.  It  may  come  and  go.  This  oedema  is  sometimes 
very  great,  more  extensive  even  than  that  of  acute  nephritis. 

Profuse  perspirations,  often  accompanied  by  a miliary  eruption,  are  a 
usual  svmptom  ; beginning  with  the  incidence  of  the  myositis  they  may 
not  cease  to  recur  till  convalescence  has  commenced.  Pruritus  may  be 
troublesome  in  the  earlier  stages ; later  the  skin  may  be  covered  with 
acne,  pustules,  or  boils. 

Wasting  is  very  marked  in  severe  cases  ; in  fact  all  the  symptoms  of 
the  “ typhoid  ” condition  may  be  presented.  The  tongue  becomes  dry, 
the  pulse  frequent ; prostration  may  be  great,  and  stupor  marked.  Not 
infrequently  there  is  delirium,  and  nearly  always  in  the  adult  there  is 
insomnia — doubtless  dependent  on  the  pain  in  the  muscles.  Children 
are,  on  the  contrary,  always  somnolent. 

In  many  cases  signs  of  bronchitis,  of  hypostatic  congestion  of  the 
lungs,  or  of  pneumonia  set  in.  Miich  fluid  accumulates  in  the  air-passages, 
owing  to  debility  and  to  the  inability  of  the  inflamed  muscles  of  expiration 
to  produce  effective  coughing. 

So  the  case  goes  on  till  about  the  fifth  or  sixth  week,  when  convales- 
cence may  be  looked  for.  The  myositis  gradually  subsides,  and  in  the 
course  of  a few  weeks  the  patient  is  well  again.  Sometimes  convalescence 
sets  in  earlier ; on  the  other  hand,  the  case  may  drag  on  for  two  or  three 
months. 

Death  has  occurred  iji  rare  instances  in  the  first  stage  of  the  disease, 
from  the  collapse  produced  by  choleraic  purging.  Generally  the  fatal  event 
does  not  take  place  till  the  height  of  the  myositis  in  the  fourth  or  fifth 
week.  It  is  usually  the  immediate  result  of  asphyxia  brought  about  by 
a high  degree  of  myositis  in  the  diaphragm  and  intercostal  muscles  ; 
bronchitis  and  pneumonia,  of  course,  add  very  much  to  the  danger. 
Death  may  occur  at  a later  stage  from  some  complication,  such  as  bed- 
sore, pneumonia,  marasmus,  or  general  asthenia.  Intestinal  haemorrhage 
and  diarrh(Ba  are  also  occasional  causes  of  death. 

Since  T.  R.  Brown,  in  1897,  first  called  attention  to  the  blood 
changes  in  this  disease,  numei’ous  cases  shewing  most  extreme  grades  of 
cosinophilia  have  been  i-ecorded.  The  leucocytes  in  the  one  hundred 
recorded  cases  have  varied  from  5300  to  28,000  per  c.mm.,  the  eosino- 
phils from  1'2  per  cent  to  86  G per  cent — the  average  leucocyte  count 
being  about  15,000  and  the  average  eosinophil  percentage  about  30. 
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According  to  Schleip,  \A’ho  studied  an  epidemic  at  liomburg  affecting  57 
persons,  leucocytosis  is  not  a constant  feature  of  this  disease,  being  only 
found  in  severe  cases,  yet  the  severity  of  the  leucocytosis  may  be  taken 
as  a sure  indication  of  the  severity  of  the  disease.  Schleip  found  that 
on  the  whole  the  eosinophils  did  not  rise  so  high  in  mild  cases  as  in 
sevei'e  cases,  yet  one  severe  case  shewed  only  3 '2  to  5'9  per  cent  eosino- 
phils of  5800  leucocytes  per  c.mm.  The  increase  of  eosinophils  occurs 
very  shortly  after  infection,  before  the  embryos  begin  to  enter  the  tissues, 
and  lasts  as  long  as  ]>arasites  still  remain  in  the  intestine  and  until  all 
the  parasites  have  become  completely  encapsuled  in  the  muscles.  The 
I’ed  blood-corpuscles  are  not  affected  in  this  disease,  but  the  Iffood-platelets 
are  said  to  be  increased  in  number. 

The  mortaliti/  from  trichinelliasis  Aairies  in  different  epidemics,  and 
evidently  depends  on  the  dose  of  living  Trichinelhe  ingested  ; being 
greater,  cceteris  paribus,  when  the  trichinellised  food  is  raw,  or  only  lightly 
cooked,  than  when  it  has  been  thoroughly  heated.  Children  nearly 
always  recover.  In  Saxony,  from  I860  to  1875,  the  aggregate  mortality 
in  39  epidemics,  affecting  1267  individuals,  was  19,  or  about  H per  cent. 
In  an  epidemic  at  Iledersleben,  affecting  337  individuals,  there  were  101 
deaths — nearly  one-third. 

Diagnosis. — Trichinelliasis  is  readily  recognised  during  an  epidemic 
of  the  disease  when  suspicion  has  been  aroused  by  the  simultaneous 
occurrence  of  a number  of  cases  in  a particular  place,  and  in  an  associated 
group  of  individuals  ; but  in  isolated  cases  diagnosis  is  by  no  means  an  easy 
affair.  It  is  very  apt  to  be  mistaken  for  typhoid.  The  distinguishing 
points  are  principally  the  absence  in  trichinelliasis  of  the  initial  headache, 
of  the  epistaxis,  catarrh,  and  deafness,  and,  later,  of  the  eruption,  splenic  en- 
largement, and  serum  reaction  characteristic  of  typhoid;  and  by  the  presence 
of  muscular  swelling  and  tenderness,  and  of  oedema  of  the  face  and  limbs. 
This  mdema  may  suggest  nephritis,  but  it  is  not  associated  with  albumin- 
uria as  in  this  disease  it  would  be.  From  rheumatism  it  may  be  distin- 
guished by  the  situation  of  the  pain  in  the  muscles,  and  by  the  associated 
disturbance  of  the  intestinal  canal.  Trichinelliasis  has  frequently  been 
mistaken  for  cholera,  and,  indeed,  at  first  they  may  be  hard  to  distinguish. 
It  is  said  that  in  trichinelliasis,  during  the  first  few  days  of  the  disease, 
there  is  a peculiar  feeling  of  heaviness  of  the  limbs,  accompanied  by  a 
sensation  of  tension  and  pain,  especially  in  the  flexor  muscles,  causing  the 
legs  to  be  dragged  in  walking  ; this  symptom  is  said  to  be  long  antecedent 
to  the  myositis  of  the  second  stage,  and  is  valuable  as  a distinction  from 
cholera.  In  all  cases  of  doubt,  however,  particularly  in  presence  of  an 
epidemic,  the  microscope  should  be  used  to  search  the  stools  for  adult 
'rrichinelkp,  and  any  suspected  food  for  larval  TrichineUce.  If  necessary  a 
small  piece  of  muscle,  best  from  the  lower  end  of  the  biceps,  may  be 
excised  with  the  knife ; the  harpoon  designed  by  Middeldorpff  for  this 
purpose  i^roduces  an  unsurgical  wound,  and  removes  only  a very  small 
jjiece  of  muscle. 

The  symptoms  of  trichinelliasis  bear  in  many  respects  a very  close 
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resemblance  to  certain  forms  of  acute  multiple  peripheral  neuritis, 
especially  to  beriberi — a circumstance  overlooked  by  s}’'stematic  writers, 
but  one,  especially  as  regards  beriberi,  of  practical  importance  to  the 
phv'sician  practising  in  warm  climates.  Both  diseases  occur  in  localised 
epidemics,  both  may  be  associated  with  cedema,  both  are  characterised  by 
pain  and  tenderness  in  the  muscles,  and  both  may  kill  by  asphyxi;i 
arising  from  impaired  power  in  the  muscles  of  respiration.  The  pi'incipal 
diagnostic  marks  are,  in  trichinellia.sis,  the  severe  gasti'O-intestinal  irrita- 
tion and  persistent  fever ; in  beriberi,  the  early  pretibial  oedema,  the 
patchy  anaesthesia,  the  absent  knee-jei'ks,  the  reaction  of  degeneration 
in  the  muscles,  the  cardiac  bniits,  the  clean  tongue,  and  good  appetite. 
Trichinelliasis  presents  the  symptoms  of  a myositis,  beriberi  of  a neuriti.s. 
In  all  doubtful  cases  a blood  examination  should  be  made.  The  discovery 
of  a pronounced  eosinophilia  in  obscure  febrile  myalgic  conditions, 
especially  if  associated  with  oedema  and  a history  of  gastro-intestinal 
disturbance,  should  suggest  trichinelliasis  and  lead  to  excision  and  micro- 
scopic examination  of  a fragment  of  muscular  tissue. 

Treatment. — It  is  impossil)le  to  kill  the  embryo  TricJiinelhe  after  they 
have  penetrated  the  intestinal  walls  and  gained  the  tissues.  Many  drugs 
have  been  recommended  with  this  object ; they  are  manifestly  useless, 
and  need  not  be  discussed.  But  it  is  possible  to  rid  the  patient  of  many, 
if  not  of  all  of  the  parent  Trkhinelhe  in  the  alimentary  canal ; and,  as  it 
has  been  shewn  that  these  continue  to  produce  embryos  during  several 
weeks,  it  is  the  duty  of  the  physician  to  endeavour  to  get  rid  of  as  many 
of  them  as  possible.  His  efforts  in  this  direction  should  at  all  events 
be  continued  during  the  first  three  or  four  weeks  of  the  disease.  If  the 
patient  be  seen  soon  after  trichinellised  food  has  been  swallowed  a quick- 
acting emetic  should  be  administered  at  once,  and  its  action  followed  up 
by  a smart  purge.  Calomel  up  to  twenty  grains  is  said  to  be  the  most 
effective  cathartic,  the  dose  being  repeated  several  times ; it  is  credited 
with  the  power  of  bi'inging  aavay  large  numbers  of  'Trichindhe.  It  would 
appear  that  the  ordinary  anthelmintics  are  powerless  against  this  woi’in. 
Glycerin  in  large  doses  has  been  recommended ; it  is  siipposed  to  kill 
the  parasites  by  dehydrating  them.  Thymol  or  eucal}q)tus  oil,  given  in 
full  doses  as  for  ankylostomiasis,  might  prove  as  effective  against  the  one 
worm  as  they  are  known  to  be  against  the  other ; these  drugs  deserve 
an  extended  trial  in  the  early  stages  of  trichinelliasis. 

During  the  progress  of  the  disease  general  treatment  must  be  con- 
ducted on  the  same  principles  as  for  the  continued  fevers.  Attention 
jnust  be  directed  to  maintaining  the  strength  and  the  state  of  nutrition, 
special  symptoms  being  treated  as  they  arise. 

Projdii/la-ns. — In  Germany,  wjiere  it  is  the  custom  of  many  people  to 
consume  uncooked  preparations  of  swine’s  flesh,  the  systematic  examina- 
tion of  all  carcases  Avith  the  microscope  is  conducted  by  a regular  service 
of  official  experts.  A small  piece  of  muscle  is  snipped  from  the  diaphragm 
and  three  or  four  other  muscles,  placed  on  a slide,  teased  out  with  needles 
in  one  per  cent  solution  of  salt,  compressed  beloAv  a cover-glass,  ami 
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exiimiued  with  a magnifying  power  of  about  sixty  diameters.  Any 
Trkhinelhv  the  preparation  may  contain  are  easily  recognised.  If  they 
are  alive  a slight  warming  of  the  stage  causes  them  to  move : if  the}' 
arc  dead,  they  colour  at  once  on  adding  aniline-blue  solution  to  the 
preparation  ; living  TricliinelUr  do  not  take  the  stain. 

Similar  precautions  are  or  were  taken  in  other  countries  against  im- 
ported Americaii  pork.  In  Kngland  such  precautions  are  not  taken, 
being  rendered  superfluous  by  the  comparative  freedom  of  our  native 
swine  from  trichinelliasis,  and  the  habit  of  thoroughly  cooking  pork, 
hams,  sausages,  and  all  similar  preparations  before  bringing  them  on  the 
table. 

Thorough  cooking  is  the  best  preventive  of  trichinelliasis ; and  it 
must  not  be  overlooked  that  such  things  as  sausage  skins,  lard,  etc.,  may 
contain  Tncliindla’.  A safe  course  is  to  boil  a joint  or  ham  thirty-five 
minutes  for  every  kilogramme  it  weighs. 

Attention  should  be  paid  to  the  prevention  of  trichinelliasis  in  swine. 
Their  sties  should  be  kept  clean  and  free  fi-oin  rats.  Above  all,  they 
ought  never  to  be  fed  on  uncooked  ofial.  This  last  precaution  must  be 
particularly  attended  to  in  large  feeding  and  killing  establishments. 

Family  IV, — Anguillulidse 

Small,  mostly  free-living  in  earth  or  water  or  parasitic  in  jjlants, 
rarely  in  animals.  The  oesophagus  has  a double  swelling,  and  the  oral 
cavity  contains  a spine  or  tooth.  The  male  has  two  spicules  and  some- 
times a bur.sa.  The  female  pore  is  in  the  middle  of  the  body. 

This  family  is  represented  in  man  by  two  species  only.  They  belong 
to  the  genus  Iihahdifis,  the  memliers  of  which  are  characterised  by  a 
minute  filiform  body  tapering  towards  both  ends,  a sharp-pointed  tail, 
and  a rounded-off  head  carrying  a terminal  mouth  ; the  msophagns  has 
two  bulbous  swellings,  the  more  posterior  of  which  is  filrnished  with 
three  folds  ; no  tooth  and  no  lateral  line ; the  symmeti'ical  double  ovaries 
are  straight ; the  male  has  two  spicules,  and  usually  a copulatory  bursa 
with  from  six  to  ten  papillie. 

Rhabditis  niellyi  (Blanchard)  1885.  — (Synonym:  Leptodem  nielhji 
Blanchard  1885.) — Prof.  Nielly,  of  Brest,  described  in  1882  a ca.se  of 
skin  disease,  characterised  by  a papulo- vesicular  eruption  attended  with 
intense  itching,  in  the  vesicles  of  which  an  immatiu’e  rhabditiform 
parasite^ — 0'335  by  0'03  mm.— was  discovered.  The  double-bulbed 
oesophagus  was  well  developed,  but  the  genital  oi’gans  were  quite  rudi- 
mentary ; evidently  the  animal  was  immature.  In  the  same  patient’s 
blood  a number  of  free  embryo  nematodes  were  found,  suggesting  that 
the  mature  parental  form  was  lodged  somewhere  in  the  tissues  and  in 
connexion  with  the  eirculation.  Possibly  the  embryos,  after  circulating 
for  a time  in  the  blood,  escaped  from  the  vessels  and  became  lodged 
under  the  .skin,  where,  on  attaitdng  a certain  degree  of  development,  they 
set  up  an  irritation  which  induced  scratching  and  led  to  their  liberation. 
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Thus,  possibly,  they  were  placed  iu  a position  to  advance  further  towards 
maturity — perhaps  in  the  body  of  an  intermediate  host — before  iinally 
gaining  access  to  the  body  of  the  definitive  host,  where  they  might  attain 
to  sexual  maturity.  Similar  forms  of  parasitism  are  found  in  the  lower 
animals,  and  it  is  i)robable  that  11.  nielhji  is  normally  a parasite  of  one  of 
these. 

T ■ O’Neil  has  described,  under  the  name  “Craw-craw”  {vide  \).  7o9) — 
which  means  in  some  native  African  languages  any  itching  skin  disease 
— an  itching  papulo-vesicular  skin  affection  very  similar  to  that  descrilied 
by  Xielly,  and  similarly  characterised  by  the  jjresence  of  immature  nema- 
todes in  the  papules  of  the  skin  lesion.  Geographical  considerations 
indicate  with  considerable  probability  that  the  parasites  observed  by 
O’Neil  were  really  one  of  the  microfilariae  described  below,  probably  that 
of  F.  perstans,  which  had  escaped  in  the  blood  liberated  in  his  jnincturing 
the  papules  he  refers  to,  and  is  merely  an  accidenhil  concomitant. 

Rhabditis  pellio  (Schneider)  186G.  — (Synonyms:  Pclodera  pellio 
Schneider  1866,  Ehahditis  genitalis  Scheiber  1880.) — The  male  is  0'8  to 
1’06  mm.  long,  the  female  0‘9  to  1'3  mm.  in  length.  The  former  has 
a heart-shaped  bursa  with  seven  to  ten  ribs  on  each  side.  The  spicules 
are  0’027  to  0'033  mm.  in  length,  not  quite  alike.  The  ovary  is 
unpaired,  the  vulva  just  behind  the  middle  of  the  body,  the  eggs 
measure  0'06  by  0'035.  This  species  Avas  found  in  the  urine  of  a female 
patient  in  Hungary  suffering  from  pneumonia  and  catarrh  of  the 
intestine.  The  nematodes  were  living  in  the  vagina.  lUi.  pellio  is  Avhen 
A^oung  parasitic  in  the  eartlnvorm  {Lumhricus  terrestris,  etc.),  and  Avhen 
groAvn  up  lives  in  moist  earth.  The  habit  of  the  Hungarian  peasants  of 
applying  earth  poultices  to  their  bodies  i)robabl}f  accounts  for  the 
presence  of  this  nematode  in  the  vagina. 

Family  V. — Filaridse 

The  Filaridie  are  long  filiform  AA-orms,  A'ery  slender,  and  of  uniform 
diameter,  Avith  a lipped,  a papillatcd,  or  a simple  mouth.  (TCsophagus 
thin,  Avithout  a bulb.  The  tail  of  the  male  is  strongly  iiicurvated,  and  is 
furnished  Avith  several  ]>airs  of  pre-anal  papilla?,  and  sometimes  an 
additional  single  unpaired  pi’e-anal  papilla,  besides  an  uncertain  number 
of  post-anal  papillae.  The  male  has  either  a single  spiculum  or  tAvo 
unequal  spicula.  In  the  female  the  uterus  is  double  : ovo-A’ivi parous. 
The  family  includes  many  genera,  only  one  of  Avhich  — Filaria  — is 
represented  among  the  parasites  of  man. 

i.  Filaria  conjunetivse  Addario  1885. — (Synonyms:  Filaria  peritonei 
hominis  Babes  1880,  Fil.  inermis  Grassi  i887,  Fil.  apapillocephaJa 
Condorelli-Francaviglia  1892.) — Tliis  Avoi-m  is  properly  a parasite  of  the 
ass  and  hor.se.  The  female  alone  is  knoAvn.  It  is  about  16  to  20  cm. 
long  by  0’5  mm.  broad,  Avhite  or  bi’OAvnish,  and  slightly  flattened.  The 
cuticle  is  ringed.  The  mouth  is  terminal  and  simple ; the  vulA’a  is 
placed  close  behind  the  mouth.  The  species  is  ovo-viviparous,  the  more 
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mature  embryos  being  free  at  tlie  lower  end  of  the  ntcrns.  These  are 
rounded  aTiteriorly,  gradually  tapei'ing  to  a pointed  tail  posterioi'ly,  and 
measure  0‘3f)  In'  O’OOo  mm.  Neither  the  male  worm  nor  the  life- 
history  of  the  parasite  is  known.  F.  conjundinv  has  been  found  in  man, 
in  an  immature  state,  only  three  times,  namely,  once  in  the  eye,  once 
encysted  in  the  gastro-splenic  omentum,  and  once  encysted  in  the  ocular 
conjunctiva. 

ii.  Filaria  oculi  human!  v.  Nordmann  1832. — (Synonym;  F.  lentis 
Dicsing  1851.) — Under  this  n;jme  are  jn-obably  included  several  species 
of  minute  filari:e  which,  from  time  to  time,  have  been  found  either  in 
the  crystalline  lens,  or  in  the  vitreous  or  acjueous  humours.  Similar 
parasites  are  found  in  the  lower  animals ; it  is  probable  that  those  which 
liave  been  found  in  man  are  normally  parasitic  in  beasts.  Their 
zoological  chai’acters  and  pathological  effects  are  equally  unknown.  It  is 
probable  that  some  species  described  under  this  name  are  identical  with 
F.  conjunctiva’. 

iii.  Filaria  restiformis  Leicly  1880. — A nematode,  66  mm.  long 
and  U5  broad,  passed  from  the  urethra  of  a male  in  Virginia. 

iv.  Filaria  hominis  oris  Leidy  1850. — A nematode,  140  mm.  long 
and  0T6  bioad,  said  to  have  come  from  the  mouth  of  a child. 

V.  Filaria  labialis  Pane  1864. — Like  the  preceding  two  cases  this 
rests  upon  an  isolated  instance,  in  which  the  worm  was  taken  from  a 
pustule  in  the  lip  of  a man  at  Naples.  It  had  a length  of  30  mm.  The 
mouth  had  four  papilloe. 

vi.  Filaria  equina  (Abildg.)  1789.  — (Sjuionyms : Gord.m»  equiims 
Abildg.  1789,  Filaria  equi  Gmelin  1789,  Hamularia  li/mqdiaiica  Treutler 
1793,  Tentacnlaria  suhconipressa  Zedder  1800,  F.  paqnllosa  liud.  1802, 
F.  hominis  hronchialis  Kud.  1819,  F.  hominis  Dies.  1851,  Sirongyhis  hron- 
chialis  Cobb.  1879.) — Body  white  and  thread-like,  cuticle  finely  ringed. 
The  male  is  60  to  80  mm.,  the  female  90  to  120  mm.  long.  This  is 
normally  a parasite  of  the  horse  and  ass,  living  in  the  body-cavity,  from 
whence  they  spread  through  the  host.  They  have  been  found  in  nodides 
in  the  lungs  of  man. 

vii.  Filaria  romanorum  orientalis  Sarcani  1888. — Observed  in  the 
blood  of  a Rumanian ; it  had  an  alimentary  canal  and  well-developed 
reproductive  organs.  It  measured  1 mm.  in  length  and  0'03  in  breadth. 

viii.  Filaria  kilimarse  ^ Kolb  1898. — Several  females  were  found  in 
the  abdomen  of  a Kitu  warrior,  with  mouth  papillai  similar  to  those  of 
F.  medinensis. 

ix.  Filaria  medinensis  (Velsch)  1674. — (Synonyms:  Vena  medinensis 
Yelsch  1674,  Dracunculus  persarnm  Kiimpfer  1694,  Gordins  medinensis 
L.  1758,  Filaria  dractmculus  Bremser  1819,  F.  crthiopica  Valen- 
ciennes 1856,  Fracunrnlns  medinensis  Cobbold  1864.  The  Dracunculus, 
Guinea-worm,  or  Dragonneau)  (Fig.  192). — This  parasite  is  endemic  in 
many  parts  of  India,  in  Persia,  Bokhara,  Turkestan,  Arabia,  along  the 

^ This  is  probably  a young  form  of  Fit.  medinensis,  Arch.  f.  Schifs-  u.  Tropenhyg. 
ii.  1898,  p.  28. 
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coasts  of  the  lied  Sea,  in  tropical  Afi-ica,  and  in  one  or  two  spots  in  the 

tropical  parts  of  South  America.  In  some  of  these 
places  at  certain  seasons  of  the  year  nearly  half 
the  population  is  aflected. 

Although  as  a rule  onl}^  one  worm  is  present 
at  a time,  in  countries  ■where  the  parasite  is  very 
prevalent  two,  thi'ee,  or  four  are  not  uncommon ; 
and  cases  are  on  record  in  which  as  many  as 
thirty  coexisted  in  one  persoti. 

Only  the  female  worm  (Fig.  192)  is  tvell  known, 
measuring  500  to  800  mm.  in  length  and  0’5  to 
1'7  in  breadth.  Her  habitat  is  the  subcutaneous 
and  intermuscular  connective  tissue.  Here,  un- 
consciously to  the  host,  she  attains  a great  length. 
Some  specimens  measure  as  much  as  six  feet,  others 
again  not  more  than  one  foot ; three  feet  may  l)e 
stated  as  an  average  length.  The  breadth  is  about 
one-tenth  of  an  inch.  The  head  end  of  the  worm 
slightly  tapered  down,  and  then  abruptly 


IS 


uniformly 
a 
tail 


having 


The 


truncated.  The  mouth  is  terminal,  and  surrounded 
V)y  two  large  and  four  smaller  papillm.  The  body 
is  white,  faintly  transversely  striated, 
cylindrical,  firm,  very  extensile,  and 
breaking  strain  of  about  eleven  ounces, 
terminates  abru})tly — usually  in  a small,  sharply 
bent  hook.  The  alimentary  canal,  thrust  to  one 
side  and  compressed  by  the  gravid  uterus,  is  a fine 
tube  which  runs  backwards  from  the  mouth  to 
near  the  tail,  where  it  atrophies,  without  opening 


externally,  by  merging  in  the  musculo-cutaneous 


Fio.  HU. — Filaria  mfdi7iennis 
(nat.  size).  Leuckait. 
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body-wall.  The  vagina  opens  near  the  mouth,  just 
outside  the  circle  of  papillm.  The  uterus  runs 
from  head  to  tail  as  one  continuous  and,  relatively, 
enormous  tube  packed  with  millions  of  free  embryos, 
Leiper  has  recently  found  the  male  forms  in  the 
muscles  of  an  experimentally  infected  monkey. 
They  are  small,  measuring  22  mm.  in  length.  They 
have  five  pairs  of  post-anal  papillce. 

The  process  by  which  the  embryo  dracunculi  quit 
the  body  of  the  parent  worm  and  that  of  their 
human  host  is  an  interesting  one,  and  has  a very 
practical  bearing  on  treatment.  When  the  parent 
dracunculus  approaches  maturity,  she  begins  to  move 
slowly  through  the  tissues,  head  first,  and,  in  90  per 
cent  of  cases,  in  a downward  direction  until  her  head 


arrives  at  foot,  ankle,  or  leg.  The  head  then  drills 


small  hole  in  the  dermis,  sparing  the  epidermis. 
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Over  this  hole  a hulla  forms,  probably  iiuluced  by  the  irritating 
properties  of  some  secretion  or  discharge  from  the  worm.  In  the 
course  of  a few  days  the  bulla  ruptures,  disclosing  a small  superficial 
ulcer  with  the  above-mentioned  minute  hole  iu  its  centre.  Sometimes,  on 
rupture  of  the  bulla,  though  this  is  by  no  means  usual,  the  head  of  the 
worm  is  seen  protruding  from  this  little  hole.  If  now,  whether  the  head 
protrude  or  not,  a little  cold  water  he  poui’ed  on  the  limb  in  the  vicinity 
of  the  dracunculai'  ulcer,  a minute  quantity  of  a whitish  fluid  is  presently 
seen  to  well  up  from  the  central  hole  ; or  a small  tube,  at  first  pellucid, 
then  white,  is  seen  to  be  slowly  extruded  from  this  hole  to  the  extent 
of  about  half  an  inch  or  even  more.  Suddcidy  this  little  tube  ruptures, 
its  contents  being  spilt  over  the  ulcer.  The  whitish  fluid  alluded  to  is 
part  of  the  uterine  contents,  and  the  little  tube  is  part  of  the  uterus 
itself,  which  the  worm,  stimulated  by  the  water  poured  on  the  limb, 
forces  as  a prolapsus  through  what  may  be  her  mouth.  That  this  is  what 
takes  place  is  proved  l)y  a microscopic  examination  of  the  fluid  i-eferrcd 
to,  which  consists,  on  the  addition  of  a little  water,  of  a mass  of  seething, 
wriggling  dracunculus  embryos.  This  discharge,  with  or  without  visible 
prolapsus  of  the  uterus,  is  repeated  at  short  intervals.  In  the  course 
of  about  a fortnight  the  worm  has  emptied  her  entire  uterus.  She  is 
now  ready  to  quit  her  host ; sometimes  she  will  do  so  spontaneously, 
generally  she  can  be  readily  i-emoved  by  gentle  and  intermittent  traction 
renewed  at  ititervals  during  a day  or  two. 

The  reason  why  instinct  leads  the  dracunculus  to  descend  to  the 
foot  or  ankle  before  beginning  to  empty  her  uterus  is  obvious.  These 
are  just  the  parts  of  the  body  which,  in  a warm  climate  and  in  natural 
conditions,  are  most  likely  to  be  brought  in  contact  with  water.  The 
reason  why  the  extrusion  of  embryos  is  provoked  by  contact  of  the 
limb  with  wafer  is  equally  obvious,  for  the  next  step  in  the  development 
of  the  embryo  is  made  in  this  element.  It  is  true  that  the  dracunculus 
sometimes  reaches  the  surface  at  other  points  of  the  body,  but  such  an 
event  is  comparatively  rare. 

The  embryo  dracunculus  (Fig.  193)  (0'6  by  0'0175  mm.)  is  a long, 
transversely  striated  animal,  provided  with  a slender  tail  occupying 
about  two-fifths  of  the  entire  length.  A rudimentary  alimentaiy  canal 
and  two  curious  little  sacs  (Fig.  1 94)  placed  vin-a-vis  at  the  base  of  the  tail 
are  readily  made  out.  The  body  of  the  emlnyo  is  not  cylindrical ; it  is 
distinctly  flattened.  The  little  animal  swims  about  in  the  water  very 
actively,  and  can  be  kept  alive,  especially  in  muddy  water,  for  some 
days. 

Its  next  step  iu  development,  as  first  pointed  out  by  Fedschenko, 
is  made  in  a fresh-water  copepod  of  the  genus  Cyckrps  (C.  i^frenuvx, 
C.  bicuspidatux,  C.  viridix,  and  C.  qiiadricoridx),  whose  body-cavity  it  entci’s 
by  penetrating  the  cuticle,  or  it  may  be  by  the  mouth.  In  the  Cydops 
the  young  filaria  undergoes  a metamorphosis  which  is  completed  in  from 
two  to  five  weeks,  according  to  the  temperature.  In  this  condition  it 
is  believed  that  the  microfilaria  or  larva  is  transferred  to  the  human 
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Fig.  103. — I.arva*  of  ¥.  medinensis  (x  250). 
A,  ventral  view  ; B,  front  view. 


Fio.  194.  — F.  medinensis,  sliewiiig 
lateral  caudal  .sacs  partially  everted 
(highly  magnified). 
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^stomnoh  in  driiikiiig-watei-.  It  is  conjectured  that  the  Ci/chps  is  therein 
digested  ; and  the  parasite,  being  thus  set  free,  penetrates  the  alimentary 
.canal.  Impregnation  probal)ly 
occurs  in  the  connective  tissues  of 
• the  host.  The  parent  worm  takes 
about  a year  to  reach  maturity. 

Fedschenko’s  experiments  with 
I embryo  guinea-worms,  procured  in 
■ the  way  described  above,  have  been 
:fre(piently  repeated  with  Cyclops 
from  ponds  in  the  neighbourhood 
of  London.  Should  more  than  four 
or  five  succeed  in  making  their  way 
into  a Cyclops,  the  latter  in  most 
cases  dies.  In  these  experiments 
metamorpho.sis  occupied  a much 
longer  time  than  in  Fedschenko’s; 
for  after  seven  weeks  the  first 
ecdysis  and  .shedding  of  the  tail 
had  only  been  completed  in  some 
provided  with  tails  and  transversely  striated  integument.  Probably  this 
delay  was  owing  to  the  lower  temperature  of  our  English  climate.  The 
embryo  guinea-worm  will  not  enter  the  body  of  Ikvphiin.  Some  have 
asserted  that  the  i;uinea-worm  effects  its  entrance  into  the  human  host 
directly  through  the  skin.  The  recent  observations  of  Looss  and  others 
in  the  Ankylostome  seemed  to  countenance  this  theory,  which,  it  has  been 
contended,  is  further  supported  by  the  frecpiency  of  guinea-worm  in  the 
backs  of  water-carriers  who  bear  their  burden  in  leaky  skins  slung  across 
the  back.  The  following  observations  of  Leiper  militate  against  this 
view.  Leiper  states  that  for  the  first  fortnight  during  the  stay  in  the 
body  of  the  Cyclops  the  microfilaria  is  active  and  changes  its  position  ; 
during  the  third  and  fourth  weeks  these  movements  cease,  and  the  larva 
becomes  quiescent.  On  the  addition  of  a little  0'2  LICl,  representing  the 
acidity  of  gastric  juice,  the  Cyclops  is  killed,  but  the  microfilaria  resumes 
its  former  activit}’.  The  latter  casts  its  cuticle,  and  seeks  a weak  spot 
in  the  chitinous  armour  of  the  Cyclops,  through  which  it  makes  its 
escape.  Other  specimens  not  exposed  to  the  acid  lived  for  some  weeks 
in  the  Cyclops,  and  died  soon  after  their  host  died.  Leiper  succeeded 
in  communicating  guinea-worms  to  monkeys  by  administering  to  them 
guinea-worm-infected  Cyclops.  His  experiments  are  still  in  progress,  but 
in  one  of  his  monkeys,  which  died  of  tuberculosis  six  months  after  the 
administration  of  the  infected  Cyclops,  several  male  and  female  woi’ms, 
immature,  it  is  tme,  but  apparently  identical  in  structure  Avith  guiuca- 
Avorms,  Avere  found  in  the  connective  tissue  of  the  trunk  and  lind)S. 

Duke  says  that  the  appearance  of  a guinea-Avorm  is  usually  pre- 
ceded by  a transient  urticarial  eniption  often  accompanied  by  vomiting. 
Beyond  this,  and  the  occasional  feeling  as  of  a cord  beloAv  the  skin,  and 


Flo.  I’.ij. — Transversi!  section  ot  F.  medineiisia. 
I.cuckai't. 

of  the  Avorms,  others  being  still 
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the  bulla  and  ulcer  as  before  described,  the  worm,  if  not  interfered  with, 
gives  rise  at  first  to  no  symptoms.  Should  unintelligent  attempts  at 
premature  extraction  lead  to  rupture  of  the  parasite,  the  consecpient 
extravasation  of  millions  of  embryos  and  the  fluid  in  which  they  swim 
into  the  tissues  is  almost  sure  to  give  rise  to  violent  constitutional  dis- 
mrliance — to  abscess,  sloughing,  and  similar  local  troubles. 

'I'his  worm,  like  other  members  of  the  Filaridae,  causes  an  increase  in 
the  number  of  the  eosinophil  cells  of  the  blood.  The  average  percentage 
of  eosinophil  cells  in  twelve  cases  recorded  by  PoAvell  and  Balfour  was 
13‘6,  with  individual  counts  varying  from  4'7  to  3G'G  ; the  total  leucocyte 
count  remained  about  normal. 

Treatment. — When  she  first  shews  herself  the  Avorm  should  be  left  alone 
and  carefully  protected  by  frequently  renewed  watex'-dressings.  The  parts 
ought  to  be  douched  several  times  a day  with  cold  water  to  encourage 
parturition  and  uterine  extrusion.  When  she  is  quite  empty  and  begins 
spontaneously  to  emei’ge,  her  exit  may  be  facilitated  and  accidental 
nipture  })revented  by  rolling  the  l)ody,  as  it  emei’ges,  on  a piece  of 
wood  such  as  a match.  Injudicious  attempts  to  wind  the  worm  out 
before  she  has  emptied  hei’self  ai-e  to  be  depi-ecated,  as  they  are  nearly 
sure  to  end  disastroxisly.  If  the  entire  worm  can  be  made  out  dis- 
tinctly coiled  up  just  under  the  skin,  she  may  be  removed  through  a 
small  incision,  a loop  being  hooked  up  with  a finger,  whilst  the  surround- 
ing tissues  are  carefully  kneaded.  Lately,  injections  of  solution  of 
perchloride  of  mercury  (1  in  1000)  into  the  track  of  the  worm,  injecting 
it  as  soon  as  the  parasite  begins  to  irritate  the  skin,  have  been  advocated. 
One  injection  suffices.  The  worm  is  killed  and  is  said  to  be  absoi-bed 
like  a piece  of  aseptic  catgut.  Kecent  observations  seenx  to  establish  the 
value  of  this  treatment. 

Occasionally  the  guinea-worm  fails  to  penetrate  the  skin  or  dies  at 
an  eai’lier  stage  of  develojxment.  The  worm  in  this  case  becomes  cretihed, 
and  sometimes  nxay  be  felt  as  a hard,  convoluted  cord  under  the  skin  of^ 
the  leg.  Such  cretified  worms  do  no  harm,  and  ought  not  to  be  interfered 
with. 


Filaiua  Sanguinis  Hominis 

This  term  is  applied  to  the  free  haematozoan  emlxryos  of  various 
species  of  filarial  pai’asites  whose  parental  forms  lie  in  the  tissues, 
lymphatics,  or  blood-vessels,  and  xvhose  young  circulate  in  the  blood 
of  man. 

From  the  date  (1872)  of  Lewis’s  discovery — that  the  blood  of  man 
occasionally  contains  these  embryo  parasites—  up  to  the  last  few  j^ears,  it 
was  supposed  that  there  was  only  one  such  species  of  blood-worm.  But 
at  the  present  moment  there  are  at  least  four  different  and  well- 
authenticated  species  of  Filaria  recoixled  either  as  adults  or  as  larvc^ 
which  pass  their  larval  stage  in  the  blood  of  man,  each  pi’obably  having 
its  own  special  pathological  relations. 
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Tliere  has  been  considerable  dithcnlty  in  associating  the  larval  forms 
with  their  parents.  At  present  we  are  ignorant  of  the  lui'val  forms  of 
the  two  genera,  F.  magalhtrai  and  rolntliis,  whilst  the  parent  forms  of 
jiourlli  are  unknown.  The  question  of  nomenclature  ])iesents  another 
dithcnlty.  In  many  cases  the  larval  form  was  the  first  to  be  described  and 
named.  F.  noctuina  was  descril)ed  and  named  thirteen  years  before  the 
parent  form  F.  haucroffi,  yet  it  is  the  parent  form  that  we  must  regaid  as 
the  species,  and  its  name  must  be  the  specific  name.  Le  Dantec  (431) 
has  suggested  tlnxt  iii  common  jxarlance  we  should  speak  of  the  adult  as  the 
filaria,  the  larva  as  the  microfilaria.  If  this  could  be  done  we  shonld  speak 
of  the  F.  nodurna  as  the  microfilaria  of  F.  hancrofti ; but  for  the  present, 
liowevcr,  such  names  as  F.  nodurna,  F.  perstans,  etc.,  are  too  deeply 
emlxedded  in  medical  literature  to  be  eradicated. 

The  following  is  a list  of  the  Filariie  whose  larvie  live  or  are  believed 
to  live  in  the  blood  of  man  : — 


Adult  Form 
Filaria  loa 
Filaria  peistans 
Filaria  bancrofti 
Filaria  magalluesi 
Filaria  demarqiiayi 
Filaria  volvulus 
? 1 


Larval  Form. 
Filaria  cliurna 
Filaria  'perstans 
Filaria  nudurmt 
? ? 

Filaria  demarquayi 
% ? 

Filaria  jmvelli 


It  is  very  probable  that  many  more  species  of  such  htematozoa  will 
be  discovered  hereafter.  It  would  seem  that  the  human  blood,  as  well  as 
the  blood  of  many  of  the  lower  animals,  especially  of  birds,  is  a fitting 
nursery  for  the  young  of  an  extensive  fauna. 

It  is  of  the  utmost  importance,  therefore,  if  we  tvould  avoid  hope- 
less confu.sion  and  advance  tliis  new  departure  in  pathology,  that  the 
greatest  care  be  taken  to  identify  the  different  species — diagnosing  one 
fVom  the  other  as  carefully  as  we  would  small-pox  from  measles,  patlio- 
genetic  from  saprophytic  micro  - organisms,  venomous  from  harmless 
snakes.  It  is  not  sufficient  to  chronicle  in  the  record  of  a case  that 
“filarise  were  found  in  the  blood”;  we  must  specify  the  species,  and,  if 
it  be  a new  one,  descrilxe  accurately  its  appearance  and  habits. 

The  Mkrojilariw  sanr/uinis  hominis  are  long,  slender,  transparent, 
gi-acefull}'’  formed,  snake-like  organisms  which,  when  seen  under  the  micro- 
scope in  newly  drawn  blood,  exhibit  a remarkable  activity  in  coiling  and 
uncoiling  themselves,  in  wi’iggling  and  lashing  al)Out  in  incessant  and  rapid 
movement  among  the  corpuscles.  'I’hey  remain  alive — their  movements 
gradually  slowing  down,  however — for  days  on  the  slide,  piovided  the 
blood  be  kept  from  drying  up  and  at  an  ordinary  temperatui-e.  Unless 
possessed  of  consideralxle  experience  it  is  difiicnlt  for  the  observer  to 
arrive  at  a diagnosis  of  any  particular  specimen  of  microfilaria  when  it  is 
first  mounted  on  the  slide ; but,  as  movement  slows  down,  diagnosis  of 
species  is  by  no  means  difficult  if  the  following  points  be  attended  to  ; 
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1.  The  presence  or  absence  of  periodicity  in  the  appearance  urui 
disappearance  of  tlie  embryos  in  the  blood ; and,  if  periodicity  be 
detected,  its  mode.  Thus,  the  larvie  of  one  species  of  filaria  {F.  loa) 
appear  during  the  day,  disappearing  during  the  night ; those  of  another 
species  {F.  bancrufti,  Lewis’s  Hlaria)  appear  during  the  night,  disappear- 
ing during  the  day ; whilst  those  of  two  species  {F.  persfans  and 
F.  demarqiuti/i)  are  constantly  present  both  by  day  and  by  night. 

2.  The  presence  or  absence  of  a sheath  enclosing  the  worm.  Thus, 
Microfilaria  dinnia  (the  larva  of  F.  loa),  Microfilaria  nocturiui  (the  larva 


Fio.  190. — Microfilaria  noclurno  (x  100).  From  a photomicrograph  by  Jlr.  Andrew  Pringle. 


of  F.  bancrofti),  are  enclosed  in  long,  trailing  sheaths,  whereas  the  larvae 
of  F.  demarquayi  and  the  larvae  of  F.  perstans  are,  so  to  speak,  naked. 

3.  The  shape  and  characters  of  the  head  and  tail  ends  of  the  embryo 
worm.  Is  the  former  provided  with  an  armature,  and  if  so,  what  are 
its  character  and  appearance  ? Is  the  tail  acutely  pointed  or  abruptly 
truncated,  and  what  is  the  length  of  the  taper  lainning  up  to  the  tail  1 

4.  Accurate  measurements  of  length,  breadth,  and  other  features. 

.0.  Character  of  movements  : lashing  and  stationary  as  in  Microfilaria 
diiirna  and  Microfilaria  nocturna,  lashing  and  locomotor  as  in  the  larva  of 
F.  perstans. 

6.  Associated  pathological  conditions  if  such  be  present. 

7.  Country  in  which  the  parasite  was  aequired. 

8.  Zoological  characters  and  exact  seat  of  any  parent  worm  which 
may  be  found. 
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If  attention  bo  given  to  these  points  a correct  diagnosis  can  be  arrived 
at  in  most  instances. 

Technique. — To  ascertain  the  presence  or  absence  of  microfilai’ioe  in 
tlie  blood  of  man  or  animal  the  most  rapid  and,  at  the  same  time,  most 
trnst'worthy  method  hitherto  employed  is  the  following,  which  has  the 
additional  advantages  of  not  entailing  microscopic  examination  until  snch 
time  as  may  suit  the  convenience  of  the  observer ; moreover,  dealing  as 
it  does  with  a comparatively  lai-ge  quantity  of  blood,  it  is  siire  to  reveal 
the  parasites  if  any  be  present  and  free  in  the  circidation.  The  Idood  is 
procured  in  the  ordinary  way  from  a finger  in  man,  or,  in  the  case  of 
the  lower  animals,  from  any  part  not  covered  with  hair.  AYhen  a large 
drop  has  welled  up  from  prick  or  incision  the  entire  amount  is  trans- 
ferred to  a glass  slip  by  dabbing  the  centre  of  this  on  the  blood.  The 
blood  is  then  spread  out  on  the  slip  with  a needle  in  a fairly  uniform 
lilm,  extending  over  an  area  of  about  one  inch  by  one  inch  and  a half. 
'I'he  slip  is  then  laid  on  its  uncharged  surface  till  dry.  The  Idood  ma}^ 
be  stained  as  soon  as  it  is  dry ; or  the  slip  may  be  labelled  and  packed 
away  till  a more  convenient  time.  The  blood  is  best  stained  by  immersing 
the  slide  for  about  an  hour  in  a very  weak  watery  solution  of  fnchsin, 
one  or  two  droj)S  of  the  saturated  alcoholic  solution  to  the  ounce  of 
water ; or,  more  quickly,  by  a 2 per  cent  solution  of  methylene  lilue.  If 
it  be  found  too  deepl}’’  stained,  it  may  be  decolorised  by  washing  for  a 
few  seconds  in  a weak  solution  of  acetic  acid,  three  or  four  drops  to  the 
ounce  of  water.  It  may  then  be  examined  wet  or  dry,  with  or  without 
a cover-glass.  A magnifying  power  of  sixty  to  eighty  diameters  suffices 
to  shew  the  microfilaria},  Avhich,  with  certain  white  blood-corpuscles,  are 
the  only  stained  objects  in  the  field.  Rapidity  and  thoroughness  are 
secured  by  using  a mechanical  stage.  The  unknown  and  possibl}^ 
varying  degrees  of  shrinking  which  the  microfilarife  undergo  when  dried 
in  a “smear,”  or  when  submitted  to  staining  or  to  other  fluids,  may 
afccount  for  some  discrepancies  in  the  measurements  given  by  different 
observers. 

To  study  the  movements  and  anatomy  of  the  microhlariae  slides  of 
fresh  blood  must  be  used.  Ordinary  wet  preparations  are  made,  care  being 
taken  that  they  are  not  too  thick  ; the  film  should  be  no  deeper  than 
one  layer  of  corpuscles.  If  the  examination  is  to  be  prolonged,  oi-  if  it  is 
to  be  renewed  at  intervals  during  seveial  days,  the  slides  had  better  be 
sealed  with  vaseline.  >Search  should  be  made  for  the  microfilai-ia)  with 
the  low  power  mentioned;  when  they  ai'C  found  they  can  be  centred  and 
examined  with  higher  powers.  To  see  the  sheath  ;i  magnifying  j)ower  of 
400  diameters  suffices;  to  make  out  the  structui'e  of  the  head  and  the 
V-spots  a good  condenser  and  an  immersion-lens  are  necessaiy,  a moribund 
microfilaria  in  a field  free  from  corpuscles  being  selected  for  .study. 

X.  Filaria  loa  Guyot  1778.  - (Synonyms  of  adnlt : Filaria  onili 
Gerv.  et  v.  Ben.  18o9,  JDracunculm  ocvli  Diesing  18G0,  Jhanmeuhn^  Jon 
Cobbold  1864,  Filaria  mlxonjimcHvalis  Guyon  18G4.  Synonyms  of 
larva:  Filaria  sanguinis  luminis,  var.  major  Manson  1891,  the  larval 
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form  is  Microfilaria  diiiriia,  formerly  called  F.  iliurna.) — urtz  and  Peiiel 
found  in  the  body  of  an  African,  who  had  suffered  from  Microfilaria 
ditiriia,  thirty  specimens  of  F.  loa  in  the  subcutaneous  tissues  of  the  limbs. 
Tiiey  had  apparently  been  moving  actively  about  through  the  tissue.  The 
males  measure  from  25  to  30  mm.  in  length  by  0’3  mm.  to  0'35  in  breadth. 
They  are  white,  slightly  translucent,  and  tapering  at  each  end,  with  a 
simple  mouth,  a slightly  indicated  neck,  and  incurved  tail,  and  two  rather 
short  uneiiual  spicules.  The  chitinous  integument  is  sprinkled  over  with 
numerous  hemispherical  bosses  in  both  sexes.  There  are  three  pairs  of 
veiy  large  pre-anal  and  two  post-anal  gUiTids.  The  females  are  40  mm. 
long  and  0'425  in  width.  The  unsegmented  ova  measure  0‘0034  x 
O'OOIT  mm.,  but  as  the  egg  segments  it  increases  in  size,  and  by  the 
time  the  embryo  is  formed,  coiled  up  in  the  egg-shell,  it  attains  the 
dimensions  of  0 005  by  0'0025.  The  free  embryos  measure  0'26  to  0'3 
by  O’OOG  to  O'OOS  mm. 

Excepting  that  Microfilaria  diurna  appears  in  the  blood  during  the 
day  it  closely  resemliles  Microfilaria  nocturnu,  being  sheathed,  sharp- 
tailed, possessing  a central  granular  aggregation,  a V-spot  and  tail,  and 
having  very  similar  dimensions,  oral  and  general  movements  (see  “ Micro- 
filaria nociuriki,”  p.  934). 

The  diurnal  periodicity  of  Microfilaria  diurna  has  been  thoroughly 
made  out.  As  regards  the  parasite  this  is  an  important  jihysiological  fact, 
and  is  sufficient  to  establish  the  specific  independence  of  this  microfilaria 
from  Microfilaria  nocturna,  seeing  that  it  implies  a different  intermediate 
host,  a different  life-history,  and  therefore  a different  parental  form. 
Ordinarily  Microfilaria  diurna  begins  to  appear  in  the  peripheral  circulation 
about  8 A.M.,  increases  in  number  till  about  12  or  1 P.M.,  decreases  in 
numbers  as  evening  approaches,  and  disappears  for  the  night  about  9 P.M. 
This  periodicity  has  been  followed  during  many  weeks. 

Tliis  worm  is  indigenous  and  confined  to  the  West  Coast  of  Africa, 
where,  in  many  districts,  it  is  not  uncommon.  It  lives  in  the  subcutaneous 
areolar  tissue,  wandering  about  the  bod}%  and  causing,  when  it  approaches 
the  skin,  a certain  amount  of  localised  itching  and  irritation,  and,  it  is 
believed,  the  peculiar  form  of  evanescent  oedema  known  as  Calabar 
swellings.  It  occa.sionally  appears  in  tlie  eyeli<ls  or  under  the  con- 
junctiva, and  there  gives  rise  to  some  pain  and  congestion. 

The  life-histoiy  of  F.  loa  is  still  imjjerfectly  known.  It  is  ovo- 
viviparous  in  the  sense  that  when  the  embr\’o  leaves  the  parent  it  is 
still  enclosed  in  the  egg-shell,  which  now  forms  a sheath  ; considering 
this  circumstance,  its  location,  the  characters  of  its  embiums,  its  peculiar 
geographical  distribution,  and  that  in  several  instances  it  was  found  in 
association  with  Microfilaria  diurna,  it  was  suggested  iii  the  last  edition 
that  this  was  the  parental  form  of  Microfilaria  diurna.  Since  that  time 
evidence  tending  to  shew  that  this  conjecture  is  correct  has  been 
accumulating,  but,  even  now,  it  cannot  be  said  that  it  is  absolutely 
established. 

.\  considerable  number  of  instances  are  on  record  in  which  Filaria  loa 
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Kio.  197.  — Filuria 
loa  (Mat.  size). 
Logan. 


h;ul  heon  seen  in  the  eye,  but  in  which  Microfilaria  tvas  absent 

from  the  perijiheral  circulation.  In  yet  other  cases  Microfilaria  diurna 
has  been  found  in  the  blood,  but  Filaria  loa  had  not  shewn  itself  in  the 
et'e.  And  in  many  cases  of  the  Calabar  swellings, 
just  alluded  to  as  probably  caused  by  Filuria  loa,  neither 
Microfilaria  diurna  nor  Filaria  loa  were  found.  Con- 
versel}',  however,  in  now  not  a few  instances,  Filaria 
loa  and  Microfilaria  diurna ; Calabar  swellings  and 
Microfilaria  diurna ; Calabar  swellings  and  Filaria  loa  ; 
and,  in  at  least  two  instances,  F.  loa,  Microfilaria  diurna, 
and  Calabar  swellings  have  concurred  in  the  same  indi^■idnal.  The 
non-appearance  of  F.  loa  in  a case  of  Microfilaria  diurna  infection  is 
easily  explained  ; for  although  F.  loa  may  be  present  in  large  numbers 
in  the  connective  tissues,  and  although  it  is  evidently  given  to 
wandering  about  the  body,  the  chances  of  its  traversing  the  sub- 
conjunctival connective  tissue,  the  only  place  in  which  it  could  be  seen 
and  recognised,  must  be  small  indeed.  But  it  is  ditticult  to  understand 
how  Microfilaria  diurna  could  be  absent  from  the  peripheral  circulation  in 
cases  where  F.  loa  has  been  seen  in  the  eye  or  Calabar  swellings  are 

frecpiently  recurring  in  dilferent  parts 
of  the  body,  if  Microfilaria  diurna  be 
indeed  the  young  of  F.  loa. 

The  explanation  is  not  evident ; 
nevertheless  it  is  true  that,  in  at  least 
one  observed  instance,  pregnant  F.  loa 
shewed  itself  at  one  time  in  the  eye 
without  concurrent  Microfilaria  diurna 
Ijciug  discovered  in  the  blood ; and 
yet  seven  years  afterwards  Microfilaria 
diurna  was  found  in  the  peripheral 
circulation.  A lady  who  had  resided 
in  West  Africa  for  several  years  left 
that  country  and  never  returned  to  it. 
On  her  arrival  in  England  a mature 
gravid  F.  loa  was  removed  from  her 
eye.  At  the  time  of  the  operation 
her  blood  was  carefully  and  critically 
examined  for  Microfilaria  diurna,  but 
not  a single  example  was  discovered. 
Seven  years  later,  several  F.  loa  having 
been  extracted  from  the  eyes  and 
eyelids  in  the  interval,  this  lady’s 
blood  was  again  examined,  and  was 
then  found  to  be  swarming  with  ]\Iicro- 
filaria  diurna.  She  was  kept  under  observation  for  several  months,  and 
although  no  additional  F.  loa  were  seen,  the  Microfilaria  diurna  was 
always  present  in  the  blood  when  this  was  examined  during  the  daytime. 


Fio.  \9S.— Filaria  loa  (inagnillecl).  From  a 
photograph  by  .Mr.  Amlrcw  Pringle. 
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Why  these  embryos  were  not  present  some  years  before  is  ditficnlt  to 
explain.  Their  absence  at  that  time  and  subsequent  pi'esence  suggest 
tliat  Microjilarm  diurna  may  not  get  access  to  the  blood  immediately  on 
its  birth.  Hence  their  absence,  it  may  be  temporary,  in  many  cases 
of  undoidited  F.  loa  infection  and  of  Calaljar  swellings.  It  is  more  than 
probable  that  F.  Iwi  frequently  occurs  in  large  numbers  in  the  body.  So 
that  the  removal  of  one  F.  loa  from  the  eye  by  no  means  secures  against 
the  a]ipearance  of  another  F.  loa  in  the  same  situation. 

Wurtz  and  Cleie  found  in  a case  of  this  infection  53  per  cent 
eosinophils  in  the  blood. 

The  intermediate  host  is  unknown.  Possibly  it  is  a blood-sucking 
dipterous  insect — Chr^sops dimidiatus,  the  “mangrove  fly  ” — which  aboumls, 
and  is  very  troublesome  and  voracious,  on  some  of  the  West  African 
rivers  (cf.  p.  177).  Species  of  Anopheles,  Culex,  Glossina,  and  Tahanns  are 
also  suspected. 

Treatment. — -Excision.  It  is  the  custom  among  certain  tril)es  of 
negroes  to  drive  it  from  the  eye  by  placing  a few  grains  of  salt  in  the 
conjunctival  sac ; sometimes  they  remove  it  by  means  of  a sharj)  thorn 
used  as  a needle. 

Calabar  Swellings. — This  name  is  applied  to  a peculiar  foi  m of  transient 
and  localised  oedema,  common  in  Calabar,  and  at  one  time  supposed  to  be 
peculiar  to  that  part  of  Africa.  AVe  now  know,  however,  that  these 
swellings  occur  in  many  other  places  in  tropical  AA'est  Africa,  from  the 
basin  of  the  Niger  to  that  of  the  Congo.  In  some  limited  districts  they 
are  veiy  common.  At  one  i)lace  on  the  upper  Congo  hardl}"  a European 
who  had  lived  there  for  over  two  years  had  escaped.  The  swellings 
occur  in  any  region  of  the  body,  very  often  in  the  hands  or  arms. 
Sometimes  they  are  accompanied  by  a feeling  of  soreness  as  if  from  a 
bruise ; sometimes  there  is  a sensation  of  heat  or  itching.  AAdthout 
obvious  reason,  in  the  course  of  a few  hours  an  oedematous  swelling,  some 
two  to  six  inches  in  diameter,  raised  well  above  the  surrounding  surface, 
smooth  and  rounded  in  form,  persists  for  a day  or  two,  and  then  sul)sides 
without  suppuration  or  other  sign  of  definite  inflammation.  The  swell- 
ings occur  at  irregular  intervals  of  weeks  or  months,  and  persist  in 
recurring  during  many  years  and  long  after  the  endemic  area  h;is  been 
quitted.  Their  relationship  to  F.  loa,  can  hardly  be  doulited,  but  the 
mechanism  of  their  production  is  not  apparent.  It  has  been  suggested 
that  they  may  be  brought  about  ly  a F.  loa  discharging  her  embryos 
or  excreta  into  the  connective  tissue. 

xi.  Filaria  perstans  Manson  1891.  — (Synoiyuns  of  lai'va  : Filaria 
sanguinis  hominis,  var.  minor,  Alanson  1891,  Filaria  o.z:vrdi  Alanson  1897, 
truncated  variety.)-  The  adults  are  found,  distributed  in  little  gi'oups 
or  more  rarely  alone,  in  the  connective  tissue  or  deeper  fat,  in  the 
mesentery,  in  the  pericardial  fat,  around  the  abdominal  aorta,  and  in  the 
suprarenal  cap.sules.  The  female  measures  70  to  80  mm.  in  length  and 
0T2  in  breadth.  The  male  is  more  rarely  met  with.  It  measures  45 
by  O’OG  mm.,  the  tail  is  greatly  coiled,  with  a large  spicule,  and  four 
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pairs  of  pre-anal  and  one  post-anal  pair  of  papilla\  A distinctive  mark  is 
snpjtlied  by  tlie  bifid  tail. 

The  microfilaria  of  Filaria  persfaits  is  considerably  thinner  and  shorter 
than  Microjiliiria  tUurna  and  Microjilaria  nochtnia.  It  is  further  distin- 
guished from  them  by  not  })Ossessing  a sheath,  by  its  truncated  tail,  by 
the  absence  of  a central  granular  aggregation,  by  the  chai'actei'S  of  its 
oral  armature,  by  its  movements,  and  lyy  the  absence  of  periodicity. 
Its  average  dimensions  may  be  set  down  at  U‘23  mm.  by  O'OOdf)  mm.  ; 
Imt  as  it  has  the  habit  of  extending  and  attenuating,  and  of  shortening 
and  thickening  itself  as  it  travels  about  in  the  blood,  an  approximate  and 
average  mea.surement  only  can  be  given.  As  alieady  mentioned  it  has 
no  sheath.  The  thickest  pai't  of  the  body  is  about  one-third  of  the 
distance  behind  the  head  ; from  this  point  it  gradually  slopes  off  to  ihe 
abruptly  truncated  tail.  There  is  no  conspicuous  central  granuhir 
aggregation.  The  head  end  is  armed  Avith  a minute,  exceedingly 
delicate  filiform  spine  set  on  what  looks*  like  a i)apilla.  This  spine  and 
papilla  are  constantly  and  rapidly  protruded  and  retracted.  In  addition 
to  effecting  very  active  Avriggling  movements,  F.  persians  travels  about, 
often  very  rapidly,  among  the  corpuscles,  the  attenuation  and  extension 
of  its  bod}'  facilitating  its  peregrinations.  At  no  time  very  numerous — 
sometimes  oidy  three  or  four  on  a slide,  rarely  as  many  as  twenty  or 
thirty — the  Micrqtilaria  perdans  can  be  found  as  readily  by  day  as  l>y 
night.  It  may  be  associated  Avith  the  Mkrojilaria  diurna  or  Avith  the 
j\ricrqfdarin  nocturna,  or  Avith  both. 

Consi'lering  its  remarkable  locomotive  habits,  its  cephalic  armature, 
and  the  absence  of  the  sheath  Avhich  in  other  blood-Avorms  acts  as  a muzzle, 
the  microfilaria  of  F.  perstans  may  leave  the  blood -A^essels  l)y  its  oavii 
efforts,  and  have  a someAvhat  different  life-history  from  the  sheathed  and 
non-locomotive  filarire.  What  this  life-history  may  be  is  at  piesent  a 
matter  of  conjecture. 

The  iiAtermecliate  host  is  unknoAvn.  Argas  (Ornithodvros)  movbafa  has 
been  suggested.  Species  of  Anopheles,  Stegomyia,  and  Panoplites  have  been 
tried  Avitbout  result. 

So  far  as  knoAvn,  F.  perstans  is  confined  to  tropical  Afi-ica  and 
Demerara.  In  some  districts,  quite  tAA^o-thirds  of  the  inhabitants  are 
affected  by  it  ■,  in  othei'  districts  it  is  not  so  prevalent,  Avhilst  in  yet 
others  and  neighbouring  districts  it  appears  to  l»e  absent. 

xii.  Filaria  banerofti  Cobbold  1(S77. — (Synonyms:  Trichina  cystica 
Salisbury  1868  (nee  Filaria  cystica  End.  1819),  Filaria  sangviim  hominis 
LeAvis  1872,  Filaria  sanguinis  hominis  aegyptiaca  Sonsino  1875,  Filaria 
wuchereri  da  Silva  Lima,  Filaria  sanguinis  hominum  Hall  1 885,  Filaria 
sanguinis  hominis  nocturna  Manson  1891,  Filaria  nocturna  Manson  1891. 
Lai'val  form  ; F.  nocturna.) 

The  parental  forms  of  Microfilaria,  nocturna  Avere  discoveied  by 
Bancroft  of  Brisbane  in  1876.  They  liA^e  in  the  lymphatics  of  the 
trunk  and  extremities.  They  have  frequently  been  encountered  in 
recent  years,  the  sexes  being  usually  fouiul  in  association.  Sometimes 
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several — six  or  seven — are  found  together,  coiled  up  and  twisted 
about  each  other  (Maitland) ; in  other  instances  they  appear  to  lie 
stretched  out  in  the  vessel  containing  them.  When  newly  exposed 
they  exhibit  active,  wriggling  movements,  looking  like  short  lengths  of 
animated  white  horse-hairs.  The  males  are  particularly  active,  and  shew 
a great  disposition  to  coil.  These  mature  filarije  are  long  (female,  76  to  I 

80  by  0-21  to  0'28  mm.  ; male,  about  40  by  O'l  mm.),  capillaiy,  white, 
smooth,  and  uniform  in  thickness  except  near  the  head  and  tail,  where 
they  taper  somewhat.  The  tail  is  incurvated  in  both  sexes,  spirally  , 
twisted  like  a vine  tendril  in  the  male,  which  can  readily  be  recognised 
with  the  naked  eye  by  this  feature  as  well  as  by  his  inferior  dimensions.  * 

The  tail  in  both  sexes  is  blunt  at  the  tip,  measuring  there  0‘03  mm.  in  1 

breadth.  In  the  female  (Fig.  200)  the  anus  opens  0-28mm.  from  the  tip  | 

of  the  tail,  and  the  vuh^a  about  1 '2  mm.  (?)  behind  the  mouth.  In  both 
sexes  the  head  is  clul>shaped,  the  mouth  being  terminal  and  simple  (Fig. 
200).  The  thick-lipped  cloaca  of  the  male  is  placed  about  0‘13  mm.  from 
the  tip  of  the  tail  (Fig.  200).  It  has  been  stated  that  he  has  three  pairs 


Fig.  199. — Filaria  banerofti,  female  (nat.  size).  After  Cobbold. 

of  pre-anal  papilla; ; at  least  three  pairs  of  post-anal  papillm  Iiave  been 
made  out.^  He  has  also  two  unecpial  spicules  (a,  h)  (in  length  0'6 
and  0‘2  mm.  respectively)  having  rather  broad,  brownish  - coloured, 
chitinous  bases  (length,  0‘17  and  0T2  mm.),  from  which  spring  long, 
delicate,  wavy,  filamentous  rods.  The  uterus  is  double  (Fig.  200). 
The  alimentary  canal  is  simple  and  straight.  It  is  believed  from  the 
analogy  of  the  corresponding  blood-worm  of  the  Chinese  crow — Corvus 
torqmitus — that  in  the  higher  part  of  the  uterine  tubes  the  differentiated 
embryos  lie  coiled  up  in  the  ova  in  the  usual  way,  the  ovum  measuring 
at  this  stage  0'05  mm.  by  0'034  mm.  ; that  loAver  down  the  embryos 
have,  by  their  incessant  movements,  so  separated  the  poles  of  the  ovum 
that  the  ovum  becomes  a long  oval ; and  that  still  lower  doAvn,  and  near 
the  vulva,  the  vitelline  membrane  has  become  so  elongated  by  a con- 
tinuation of  this  stretching  process  that  it  now  constitutes  the  sheath 
of  the  free-swimming  hsematozoan  filaria. 

The  young  microfilaria  are  born  into  the  lymph  which  Iiathes  the  parent 
worm  ; in  this  they  are  carried  along  the  lymphatics,  traverse  the  glands 
(should  any  of  these  intervene),  and,  entering  the  thoracic  duct,  thus  reach 
the  blood.  It  is  conjectured  that  if  their  arrival  occur  during  the  night  - 
they  circulate  Avith  their  brethren  ; but  if  they  should  happen  to  enter  the 
circulation  during  the  day,  after  one  or  more  rounds  of  the  vessels,  they 
are  arrested,  in  certain  organs  to  be  alluded  to  presently. 

Mirrqfilana  mrtnrna  (Fig.  201)  was  first  discovered  by  Demarquay,  in 
1863,  in  the  fluid  from  a chylous  dropsy  of  the  tunica  vaginalis  : later, 

’ Tlie.se  numl)er.s  are  given  by  Braun.  Penel  says  the  matter  is  as  yet  undecided. 
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Fjo  o()()  ^Filaria  bancmfli,  masniliGci.  A,  tail  of  male  ; B,  eonstrictioii  at  junction  of  intestine  and  ccsopliagns  ; C,  head  and  necl; ; 1),  fragment  of 
female,  shewing  uterine  tubes  ; H,  tail  of  female,  a,  long,  h,  short  spicule  ; c,  cloaca. 
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in  1864,  it  was  found  in  chylous  urine  by  Wucherer,  and,  as  already 
mentioned,  in  tlie  blood  by  Lewis  iii  1872.  Since  that  time  it  has  been 
found  in  the  blood  and  in  morbid  discharges  in  many  countries,  from 
Kngland  on  one  side  of  the  equator  to  Australia  on  the  other.  Its  geo- 
graphical range  is  therefore  an  extensive  one.  Practically,  however,  it 
may  V>e  said  to  be  a prominent  pathological  factor  in  tropical  and  suh- 
ti’opical  countries  only,  and  in  these  more  especially  in  particular  districts. 
In  some  places  (for  example,  Amoy,  Bahia)  it  is  to  be  found  in  quite 
10  per  cent  of  the  population;  in  other  ^daces  (for  example,  Cochin)  in 
as  many  as  30  per  cent,  or  even  50  per  cent  (Samoa).  Sj^eaking  generally, 
its  rarity  or  its  fi’equency  seems  to  depend  on  the  ])resence  of  particular 


Fig.  201. — Microjilaria  nocltiriia  ( x 100).  From  a jOiotoniicrogra])!)  by  Mr  Andrew  Pringle. 


species  of  mosquitoes,  and  on  the  habits  of  the  natives  with  regard  to 
their  clothing,  domestic  condition,  and  occupations.  It  is  probable  that 
the  degree  of  jire valence  of  elephantiasis  is  an  indication  of  the  degree 
of  pre\'alence  of  Microfilaria  nodurna  among  the  natives  of  a country. 

The  general  features  of  the  embryo-hamiatozoan  stage  of  this  micro- 
filaria have  already  been  sufficiently  described.  Its  special  characteristics 
are — its  dimensions — a little  over  or  under  0‘3  mm.  byr  0’008  mm. ; its 
sharp-pointed  tail  having  a taper  of  about  one-fifth  of  the  entire  lengtli 
of  the  animal ; an  ill-defined  granular  aggregation,  usuallj'^  visible  for  a 
short  distance  around  the  axial  line  of  its  body  about  the  junction  of 
the  middle  and  posterior  third,  "which  by  ])aiticular  methods  of  staining 
can  be  shewn  as  if  a hollow  visciis ; a minute,  luminous  V-shaped  spot 
(probably  connected  with  a rudimentary  excretory  system),  with  its  apex 
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opening  on  the  surface  of  the  body,  and  jdaced  a short  distance  behind 
tile  ee[>halic  extremity  ; a similar  but  much  smaller  spot  near  the 
end  of  the  tail  ; and  the  cephalic  armature.  The  latter  consi.'its  of 
a retractile  and  protractile  six-lipped  prepuce,  covering  and  uncovering  a 
thick,  hemispherical  proboscis?,  which  is  further  provided  with  a minute, 
tiliform,  protrusible,  apical  spine. 

The  microfilaria  is  enclosed  in  a delicate  sheath  (Figs.  20'2  and  -U3), 
which,  being  too  long  for  it,  dangles,  collapsed  from  head  or  tail  or  from 
both,  giving  rise  to  the  appearance  of 
a lash.  The  microfilaria  can  be  seen  to 
move  backwards  and  forwards  inside  this 
sheath,  which,  as  already  explained,  may 
be  the  remains  of  the  vitelline  membrane 
of  intra-uterine  life.  This  or<fan  sub- 

C* 

serves  au  important  function  in  the  life 
of  the  parasite — its  object,  if  the  ex- 
pression may  be  used,  being  to  act  as  a 
muzzle  oil  the  cephalic  armature,  and  to 
])revent  the  jiarasite  from  using  these 
formidable  weapons  prematurely;  for  if 
b}^  means  of  them  it  jienetrated  the 
walls  of  the  blood-vessels  of  the  human 
liost,  and  thereby  escaped  into  the  peri- 
vascular tissues,  it  would  be  out  of  the 
way  of  its  intermediate  host,  the 
moscpiito,  and  have  no  chance  of  con- 
tinuing its  development. 

Mkrofihria  iwrturna  begins  to  appear 
in  the  jieripheral  circulation  about  five, 
six,  or  seven  in  the  evening,  and  there- 
after gradually  increases  in  numbers  u]> 
to  midnight.  After  midnight  the 
niinil)ers  diminish  in  the  same  gradual 
way  as  they  had  increased  during  the 
earlier  part  of  the  night.  By  seven  or  eight  in  the  morning,  save  for  an 
occasional  straggler  which  may  be  encountered  at  any  hour  of  the  day, 
they  have  all  disapjieared.  This  remarkable  phenomenon,  wliich  has 
‘been  called  '\(ilarial  permlicUi/,’’  goes  on  daily  and  for  years.  It  depends 
in  some  way  on  physiological  conditions  bound  up  with  the  sleeping  and 
waking  habits  of  the  host ; for  if  the  latter  sleej)  during  the  day  and 
keep  awake  during  the  night,  the  filarial  periodicit}'^  is  correspondingly 
inverted.  Fever  and  irregular  habits  of  sleep  are  found  to  interfere 
with  this  peculiar  phenomenon  and  otherwise  to  break  up  the  regularity 
of  its  manifestations.  It  has  been  ascertained  that  the  microfilaria^, 
during  their  diurnal  absence  from  the  peripheral  circulation,  accumulate 
in  the  thoracic  viscera,  particularly  the  lungs  and  larger  blood-vessels. 
There  is  no  accumulation  in  the  spleen,  liver  or  kidney  ; a few  may 
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Ije  foiiml  in  the  two  latter  organs  and  also  in  the  brain,  but  the  vast 
majority  concentrate  in  the  thorax. 

The  number  of  microfilarije  discoverable  in  the  blood  at  any  given 
time  will  depend  on  the  degree  of  infection  of  the  individual,  and  also 
on  the  hour  at  which  the  examination  is  made.  Under  normal  conditions 
the  numbers  in  the  circulation,  as  observed  from  day  to  day  in  the  same 
individual,  are  found  to  be  fairly  uniform ; but,  as  the  parent  worms  may 
die  as  the  result  of  accident  or  disease,  and  as  the  stock  of  parent  worms 
may  from  time  to  time  be  increased,  in  the  course  of  years  the  numbers 
of  embryos  free  in  the  blood  may  fluctuate — increasing,  or  decreasing, 
or  disappearing  altogether.  In  blood  drawn  late  in  the  evening — ten  to 
twelve  o’clock — it  is  no  unusual  thing  to  find  as  many  as  100  parasites 
in  a single  drop,  sometimes  as  many  as  500.  Assuming  the  filariae  to  be 
uniformly  distributed  throughout  the  blood  of  the  body,  this  would  give 
an  aggregate  of  some  3|  millions  in  eveiy  pound  of  blood,  or  40  to  50 
millions  in  an  average-sized  man.  Notwithskinding  these  enormous 
numbers,  their  incessant  activity,  and  their  by  no  means  insignificant 
dimensions,  the  embryo  filariae  do  no  harm  whatever,  and  the  host  is 
as  unconscious  of  this  huge  population  in  his  vessels  as  he  is  of  his  blood- 
corpuscles. 

The  nocturnal  habits  of  the  filaria  are  an  adaptation  to  the  nocturnal 
habits  of  one  or  more  species  of  mosquito,  the  females  of  which  act  as  its 
intermediate  hosts.  Culex  fatigavs,  Anopheles  rossi,  Anopheles  costalis, 
Panoplites  afrkanus,  Stegomyia  fasciata  are  all  said  to  be  efficient  inter- 
mediaries. These  insects  imbibe  the  larval  parasite  when  they  suck  in 
the  blood  of  an  infected  subject,  and  thereafter  the  parasite  undergoes  a 
metamorphosis  in  the  tissues  of  the  insect.  The  larva  leaves  the  stomach 
and  comes  to  rest  in  the  great  thoracic  muscles  of  the  mosquito.  Here 
they  grow  and  develop,  attaining  a size  of  Uo  long  by  0‘25  mm.  in 
breadth.  They  then  make  their  way  into  the  mouth-] >arts,  come  to  rest 
in  the  labium,  and,  like  the  embryo  Filaria  inimitis  of  the  dog,  they  make 
their  way  into  man  when  the  mosquito  bites. 

The  principal  steps  of  this  metamorphosis  consist,  in  the  first  instance, 
of  the  escape  of  the  filaria  from  the  sheath  which,  up  to  the  time  of  the 
arrival  of  the  worm  in  the  stomach  of  the  mosquito,  had  muzzled  its 
cephalic  armature.  This  is  brought  about  by  the  thickening  the  Idood 
undergoes  as  soon  as  it  is  swallowed  by  the  insect.  The  gastric  juices  so 
act  on  the  blood -corpuscles  that  their  hsemoglobin  escapes  into  the 
serum,  which  thereby,  assisted  by  absorption,  is  rendered  more  viscid, 
gummy,  and  clinging.  In  this  state  it  arrests  the  sheath,  as  it  were,  and 
by  fixing  this  enables  the  filaria  to  ram  its  way  out.  This  condition  and 
effect  of  blood  viscid  from  escaped  ha3moglobin  are  readily  reproduced  ex- 
perimentally by  chilling  (not  freezing)  slides  of  blood  containing  filarije — 
ly  laying  the  slides  on  ice  for  a few  hours,  and  subsequently  warming 
them  to  70°  or  80°  F.  In  blood  so  treated  it  is  easy  to  observe  the  filaria 
ramming  the  sheath  and  butting  their  way  out,  head  first,  just  as  they 
do  under  normal  conditions  in  the  stomach  of  the  mosquito  (Fig.  203). 
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'\^  hen  the  tilaria  has  got  rid  of  its  sheath  in  this  way  its  cephalic  armature 
is  unmuzzled,  and  is  at  once  made  use  of  by  the  pai'usite  to  bore  its  wa)'^ 
through  the  wall  of  the  insect’s  stomach  and  into  the  thoracic  viscera, 
where,  a few  hours  after  the  mosquito 
has  fed,  the  migrated  filariie  can  be 
•found  in  great  abundance.  Here  for 
a time  the  parasite  falls  into  a sort  of 
passive  pupal  condition,  acquiring  four 
lips  and  an  alimentary  canal.  Finally 
it  takes  to  growing  with  great  rapidity, 
becomes  furnished  with  a three-lobed 
arrangement  at  its  caudal  end,  and 
exhibits  great  activity,  swimming  about 
freel}’’  when  placed  in  water.  At  this 
stage  it  travels  forward  into  the  pro- 
thorax, head,  proboscis,  and  palpi  of 
the  mosquito.  The  exact  process  by 
which  it  enters  the  human  host  is  un- 
known. It  is  believed  to  be  during 
the  act  of  haustellation.  The  meta- 
morphosis takes  place  in  from  six  to 
tAventy  days  according  to  temperature. 

The  forms  intermediate  betAveen  this 
stage  (that  in  Avhich,  presumably,  it 
enters  the  human  body)  and  the  mature 
Avorm,  some  three  or  four  inches  in 
length,  found  hung  in  the  lymphatics, 
have  not  been  traced. 

Filariasis. — Microfilaria  nocturna,  both  in  its  embryonic  and  in  its 
mature  forms,  seems  to  be  perfectly  adapted  to  liA^e  in  harmony  Avith  its 
human  host.  In  Prof.  Lankester’s  phrase,  the  host  is  “ tolerant  ” of  the 
jDarasite.  As  a matter  of  fact,  in  the  vast  majority  of  instances  it  gives 
rise  to  no  disease  AvhateA’er.  In  some  cases,  hoAvever,  this  harmony  is 
somehoAv  interrupted,  and  then  grave  disease  may  accrue. 

The  red  blood-corpuscles  are  iisually  but  little  altered  in  this  affection, 
but  the  leucocytes  sheAv  a disproportionate  increase  in  the  eosinophil  cells. 
This  eosinophilia  has  a cyclical  course,  folloAving  the  periodicity  of  the 
embryo  Avorms  in  the  peripheral  blood — in  one  case,  Avith  a leucocytosis 
of  23,000  per  c.mm.,  the  percentage  of  the  eosinophils  during  the  course 
of  tAventy-four  hours  varied  from  8 to  22,  Avhile  in  a second  case  Avith  a 
leucocyte  count  of  10,000,  the  daily  variation  Avas  from  3 to  lb  per 
cent. 

The  endemic  forms  of  a group  of  diseases — including  chyluria,  varicose 
groin-glands,  lymph-scrotum,  chylocele,  certain  varieties  of  lymphorrhagia, 
orchitis,  endemic  lymphangitis,  and  varieties  of  cellulitis — all  depending  on 
a A'aricose  condition  of  the  lymphatics,  are  certainly  attributable  to  F.  noc- 
turna. Endemic  elephantiasis  arabum  is  probably  dependent  on  the  same 


Fig.  203. — Microfilaria  nocturna  casting 
its  slieath. 


940 


SYS 7 EM  OF  MEDICIAF 


cause.  For  convenience  the  former  group  will  he  designated  “ elephaiitoid 
diseases,”  the  latter  “ elephantiasis.” 


Elkpii.antoid  Diskases 

Chyluria. — Although  at  loug  intervals  cases  of  chyluria  originating  in  . 
temperate  climates,  and  in  individuals  who  have  never  visited  warm 
countries,  have  been  reported,  the  vast  majority  of  cases  of  this  affec- 
tion occur  ill  persons  who  are  living  in  or  who  have  lived  in 
tropical  countries.  There  is  scarcely  a tropical  country  in  which  such 
cases  are  not  encountered  from  time  to  time.  Brazil,  JMaiiritius,  India, 
China,  and  the  West  Indies  might  be  specified  as  suppljdng  many  of 
the  recorded  cases. 

Both  sexes  are  liable  to  the  disease.  In  the  case  of  women  its  first 
appearance  may  date  from  a pregnancy ; in  the  case  of  men  very  often 
from  some  unusual  physical  efibrt.  In  many  instances  the  symjitoms 
supervene  without  manifest  exciting  cause. 

Symptoms. — The  characteristic  symptom  of  chyluria — the  milky  con- 
dition of  the  urine — appears  suddenly.  On  passing  water  the  patient 
notices  the  peculiar  alteration  in  its  character ; or,  it  may  lie,  he  is  seized 
with  retention,  and  when  relief  is  obtaim'd  by  the  catheter,  or  spontane- 
ously, after  some  hours  of  suffering,  it  is  observed  that  the  urine  is  opaque, 
milky  white,  pinkish,  or  red  like  blood.  It  is  also  remarked  that  it  con- 
tains coagula,  the  intravesical  formation  of  which  had  caused  the  retention. 
This  condition  of  urine  may  persist  for  a day  or  two,  for  weeks,  for  month.s, 
or  even  for  years.  In  most  cases  after  a time  the  excretion  becomes 
normal.  But  ever  afterwards,  at  uncertain  intervals  of  weeks,  months,  or 
yeans,  the  chylous  condition  is  liable  to  recur,  and  to  persist  foi-  ai\ 
uncertain  time. 

Usually  a relapse  is  preceded  by  a diagging,  aching  sensation  in  the  loins, 
groins,  thighs,  testes,  and  about  the  pelvis  generall}'.  These  uncomfortable 
sensations  may  disappear  with  the  appearance  of  the  chyluria ; but  if  the 
almoi'inal  discharge  persist  for  a verj'  long  time  this  loin  ache  is  aj)t  to 
reappear,  and  to  have  superadded  to  it  feelings  of  weakness,  prostration, 
and  all  the  usual  symptoms  of  anmmia,  ijicluding,  very  often,  extreme 
mental  deprcs.sion.  In  a certain  proportion  of  cases  of  chyluria  the  glands 
of  the  groin  are  found  to  be  ])rominent  and  varicose ; the  lymphatics  of 
the  scrotum  may  be  similarly  dilated. 

The  colour  of  the  uidne  and  the  amount  of  clot  it  contains 
vary  in  different  cases,  and  even  in  the  same  case  at  different  times 
of  the  day,  and  from  day  to  day.  In  some  instances  the  urine  may 
be  milky  Avhite ; usually  it  has  a pinkish  tinge ; in  yet  other  cases 
it  ma}’  l>e  red  like  blood.  The  latter  condition  is  sometimes  called  j 
“ luemato-chyluria.”  Generally  the  urine  passed  on  rising  in  the  morning  j 
is  to  all  appearance  normal,  and  it  is  ojily  as  the  day  wears  on  that  it.  - 
becomes  ch3dous.  In  other  cases  the  morning  urine  is  chvlous,  whereas 
the  urine  passed  at  some  other  time  of  the  day  may’^  be  quite,  or  almost. 
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clear.  In  some  cases  clots  are  formed  in  the  bladder,  giving  rise  to  pain 
and  ditHculty  in  passing  vater  ; in  other  cases  the  coaguhim  is  not  formed 
till  the  urine  has  left  the  body  ; and  in  another  class  of  cases  no  coaguhim 
forms  at  all,  or  oidy  occasionally. 

Usually,  if  chylous  urine  he  passed  into  a urine-glass,  the  entire  mass  of 
fluid  coagulates  rapidly.  In  a very  short  time  the  clot  thus  formed  contracts, 
becoming,  as  it  contracts,  pinker  or  redder  in  colour,  firmer  and  more 
fibrous  in  consistence ; the  Huid  in  which  it  floats  looking  whiter  and 
clearer  in  contrast.  In  the  course  of  a few  hours,  or  of  a day,  the 
coaguhim  contracts  to  comparatively  small  dimensions,  d'he  fluid  jiortion 
of  the  urine  has  now  separated  into  three  layers—  an  upper,  forming  a thin, 
greasy,  cream-like  layer  or  pellicle ; a lower,  formed  of  scanty,  dark-red 
sediment;  and  an  intermediate  layer,  constituting  the  bulk  of  the  fluid  in 
IV Inch  the  coagulum  is  suspended.  Under  the  microscojie  oil  globules 
and  much  granular  fatty  matter  are  to  be  found  in  the  upper  layer;  in 
the  middle  layer  much  molecular  fatty  matter  and  some  lymph-  and  iilooil- 
corpuscles  ; aiul  in  the  lower  layer  a larger  proportion  of  lymph-  and  blood- 
corpuscles,  besides  small  clots,  urinary  salts,  and  epithelium,  and,  in  the 
majority  of  instances,  dead  or  slowly  moving  embryo  filariie.  If  a portion 
of  the  clot  be  teased  up  it  is  found  to  contain,  enclosed  in  the  me.shes  of 
the  fibrin,  lymph-corpuscles,  red  corpuscles,  and,  in  most  cases,  a considei'- 
able  number  of  filarire. 

To  find  the  filariaj  in  the  urine  it  is  necessary  to  employ  a low  magni- 
fying power,  50  to  80  diameters ; and  to  search  in  the  sediment  or  in  the 
clot.  To  search  in  newly  pa.ssed  urine,  or  in  the  upper  and  middle  layers 
above  referred  to,  is  almost  a hopeless  task. 

On  shaking  the  urine  up  with  ether  it  becomes  clear ; on  boiling  it 
large  quantities  of  albumin  are  thrown  down. 

Judging  from  a limited  number  of  observations  the  filaria  does  not 
c.xhibit  in  the  urine  that  diurnal  periodicity  which  characterises  it  in  the 
blood  ; it  may  be  found  in  chylous  urine  at  any  hour,  irrespective  of  the 
time  at  which  the  urine  was  voided.  8o  far  as  known,  if  the  filaria  be 
found  in  the  iii'ine  it  will  also  be  found  in  the  blood,  that  is,  if  searched  for 
at  the  pro])er  time. 

Chyliu-ia,  although  often  an  extremely  debilitating  disease,  is  seldom 
directly  fatal.  Connected,  as  it  usually  is,  with  the  presence  of  mature 
parasites  in  the  thoracic  duct,  it  is  liable  at  any  moment  to  be  complicated 
l)y  serious  conditions  ari.sing  out  of  the  death  of  one  or  more  of  these 
parasites.  Generally  no  bad  consequences  result  from  the  death  of  the 
parent  filariae,  but  there  is  evidence  that  at  times  such  an  event  may  be 
the  starting-point  of  a septic  aUscess  vvhich,  being  located  in  a surgically 
inaccessible  position,  may  prove  fatal. 

JHaiinosis  — The  presence  of  clots  at  once  distinguishes  chyiuria  from 
such  purulent  conditions  of  urine  as  are  associated  with  ]i3"elitis,  abscess 
I’upturing  into  the  urinaiy  tract,  and  cystitis  ; and  from  phosphaturia,  etc. 
Diagnosis  is  further  aided  by  the  discovery  of  filariai  in  the  un’ne  and 
blood,  by  varicose  conditions  of  the  groin  lymphatics,  and  other  .symptoms 
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of  filariasis.  The  only  condition  about  which  doubt  might  be  entertained, 
is  a combination  of  chyluria  with  endemic  hfematuria.  The  concurrence 
in  the  lu'ine  of  filariae  and  bilharzia  ov^a  will  at  once  clear  up  the  difficulty. 
It  sometimes  happens,  however,  that  the  filaria  has  disappeared ; in  such  a 
case  diagnosis  may  be  difficult  if  not  impossible. 

Varicose  inguinal  glands  are  a very  common  effect  of  the  presence  of 
F.  Hoctiima  in  the  lymphatics.  Both  groins  may  be  involved,  usually  one 
side  more  than  the  other ; occasionally  one  side  only  is  affected. 

On  inspection  the  upper  part  of  Scarpa’s  triangle  is  seen  to  be  occupied 
by  a rounded,  obscurely  lobulated,  broad-based  swelling,  suggesting  hernia. 
In  many  instances  the  swelling  has  the  appearance  of  being  made  up  of 
two  main  masses — an  upj^er,  roughly  corresponding  to  the  direction  of 
Poupart’s  ligament ; and  a lower,  corresponding  to  the  saphenous  opening. 
These  swellings,  which  merge  into  each  other,  may  attain  the  size  of  one 
or  two  fists,  or  they  may  be  no  larger  than  a small  apple  or  a walnut. 
To  the  touch  they  are  doughy,  obscurely  fluctuating,  with  perhaps  here 
and  there  hai’der  kernel-like  masses.  In  other  instances  the  swellings  are 
firmer,  and  very  obscurely  varicose.  The  superjacent  skin  is  freely 
movable,  but  the  tumour  cannot  be  slipped  over  the  subjacent  tissues ; in 
the  recumbent  position  the  swelling  diminishes  considerably  ; firm  pressui'e 
disperses  it  altogether.  Still  keeping  the  palm  of  the  hand  on  the  affected 
region,  if  the  patient  be  made  to  stand  up,  the  swelling  slowly  returns, 
contrary  to  what  would  happen  in  hernia  ; and  on  percussing  it  the  note  is 
found  to  be  dull,  not  tympanitic  as  in  hernia.  In  coughing  there  may  be 
a slight  impulse,  but  this  is  not  nearly  so  marked  as  in  hernia.  When 
ta.xis  is  made  in  the  recumbent  posture,  though  the  swelling  disappears,  it 
does  so  very  slowly  ; there  is  no  sudden  slipping  up  of  the  mass  or 
attendant  gurgling,  as  in  hernia.  It  will  be  seen  that  the  characters  of 
the  tumour  approximate  more  to  those  of  an  epiplocele  than  of  an  ordinary 
hernia. 

If  a hypodermic  needle  be  thrust  into  the  tumour  a syringeful  of 
opaque  milky,  or  pinkish,  or  sanguinolent,  or  straw-coloured  fluid  can  be 
readily  withdrawn  ; and  if  the  barrel  of  the  syringe  be  laid  aside,  the 
needle  remaining  in  place,  the  fluid  will  continue  to  drop  from  it  for  hours, 
and  until  many  ounces  have  escaped.  On  withdrawing  the  needle  some 
swelling  may  arise  around  the  tumour,  apparently  from  infiltiation  of  the 
Huid  into  the  cellular  tissue ; this,  however,  is  quickly  absorbed,  and  the 
swelling  in  a few  hours  reverts  to  its  usual  size. 

The  aspirated  fluid  coagulates  rapidly.  Under  the  microscope  it  is 
found  to  contain  much  molecular  fatty  matter,  lymphocytes,  and  i-ed 
blood-corpnscles,  and  generally,  though  not  invai'iably,  ^•ery  active  micro- 
filarise. 

These  tumours  are  said  by  Mazae  Azema  to  appear,  as  a rule, 
between  the  thirteenth  and  twentieth  years,  and  to  be  apt  to  disappear 
between  forty  and  fifty.  From  time  to  time  they  may  be  the  seat  of 
periadenitis  and  are  then  very  painful.  As  a rule,  however,  beyond  a 
sense  of  distension  and  dragging,  generally  much  increased  by  exercise 
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ami  the  erect  posture,  ami  then  often  exceedingly  distressing,  they  arc 
not  attended  with  actual  pain. 

It  is  rare  to  meet  with  a similar  alTection  of  the  axillary  glands, 
although  a few  such  oases  have  l>een  recortled. 

Lymph-scrotum,  like  chyluria  and  varicose  inguinal  glands,  is  almost 
a sure  indication  of  the  presence,  actual  or  past,  of  F.  nocturna  in  the 
l}'mphatics. 

On  insj)ecting  and  palpating  such  a scrotum  it  is  found  to  be  slightly 
or  very  considerably  enlarged  and  perhaps  thickened.  Here  and  there, 
varying  in  size  and  number,  scattered  over  the  surface,  sometimes 
arranged  in  lines  or  groups,  herpes-like  but  non-intlammatory  vesicles, 
or  longer  varicosities  elevating  and  roughening  the  skin,  are  perceived. 
Some  of  the  vesicles  may  be  no  larger  than  a pin’s  head ; others  may 
be  as  large  as  peas  or  small  beans.  In  some  cases  their  contents,  seen 
through  the  thin  skin,  are  milkj'^  white,  in  others  pinkish  or  dark  red, 
in  yet  others  clear  and  straw-coloured. 

On  ])ricking  one  of  these  varicosities  a larger  or  smaller  quantity  of  fluid 
escapes.  Sometimes  only  a drachm  or  two  can  be  procured  ; usually  it 
is  an  eas}-  matter  to  collect  many  ounces,  for  the  prick  may  continue  to 
drip  for  hours,  the  lymphous  fluid  soiling  the  patient’s  clothes  and 
making  him  very  uncomfortable.  On  collecting  a few  ounces  it  is  seen 
to  be  straw-coloured,  milky,  pinkish,  or  dark  red.  It  coagulates  rapidlj^, 
and  under  the  microscope  is  found  to  contain  much  molecular  fatty 
matter,  lymph-  and  red  blood-corpuscles  and,  very  generally,  living  micro- 
filarite.  Microfilariae  are  generally  though  not  invariabl}^  present  in  the 
circulation  in  these  cases. 

This  condition  of  scrotum  may  continue  for  many  years,  in  some 
instances  gradually  assuming  the  characters  of  ordinary  elephantiasis. 
Attacks  of  fever  and  inflammation  recur  at  uncertain  intervals ; not 
infrequently  these  attacks  lead  to  the  formation  of  large  abscesses  ; 
usually  thej"  terminate  with  a profuse  discharge  of  the  lymphous  fluid 
from  the  surface  of  the  tense,  swollen  scrotum.  A varicose  condition 
of  the  lymphatics  of  the  spermatic  cord  and  orchitis  are  common 
complications. 

Apart  from  the  suffering  attending  these  attacks  of  inflammation,  the 
inconvenience  of  the  swelling,  and  the  debilitating  effects  of  the  recurring 
attacks  of  lymphorrhagia,  lymph-scrotum  is  not  a very  serious  complaint. 
It  frequently  co-exists  with  varicose  inguinal  glands  and  chyluria.  In  a few 
instances  the  surgical  removal  of  the  scrotum  has  been  followed  by  chyluria, 
and  occasionally  by  elephantiasis  of  a leg. 

Chylocele. — The  tunica  vaginalis  sometimes  contains  a milky  oi- 
reddish  fluid  exactly  similar  to  that  of  varicose  inguinal  glands  and  of 
lymph  - scrotum.  Filaria  embryos  are  generally  to  be  found  in  it 
abundantly,  as  well  as  in  the  blood.  The  contents  of  the  tunica 
vaginalis  in  such  cases  may  amount  to  eight  or  ten  ounces,  or  to 
a fcAV  drachms  only.  Very  frequently  in  chylocele  the  inguinal  glands 
are  varicose ; the  co-existence  of  this  latter  condition  with  an  opaque. 
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Hucluating  swelling  of  a testis  justifies,  as  a rule,  a diagnosis  of  chylocele; 
more  especially  if  filarioe  are  found  in  the  blood. 

The  chylous  dropsies  of  the  peritoneum,  chylous  dropsies  of  the 
pleura,  chylous  diarrhoeas,  and  various  forms  of  cutaneous  lymphorrhagia 
and  circumscribed  intlammation  or  thickening  of  the  lymphatics  which 
from  time  to  time  have  been  rei>orted,  were  doubtless  in  many  instances 
of  filarial  origin,  and  pathologically  allied  to  the  commoner  and  better- 
known  varieties  of  filariasis  just  described. 

l’atholo(J!/  of  Elephantoid  Diseme. — Seeing  that  these  various  affections 
often  accompany  or  follow  each  other,  that  the  characteristic  chylous  fluid 
is  a feature  they  all  have  in  common,  that  they  occur  endemically  in  the 
same  districts,  and  that  each  is  generally  associated  with  the  presence  of  the 
Mia'oiilai'in  nodurna  in  the  blood  and  in  the  characteristic  fluid,  the 
inference  that  they  depend  on  the  same  cause,  and  this  the  filaria,  is 
warranted. 

Autopsy  has  shewn  that  in  varicose  groin-glands  the  tumour  consists 
of  a mass  of  dilated  lymphatics  which  are  but  part  of  an  enormous  varix 
extending  into  the  pelvis  and  involving  the  thoracic  duct.  Two  valu- 
able autopsies  of  cases  of  chyluria  associated  with  the  filaria — one  hy 
Sir  Stephen  Mackenzie,  the  other  by  CurnoAv — revealed  in  both  instances 
an  impervious  condition  of  the  upper  paid  of  the  thoracic  duct,  and 
enormous  dilatation  of  that  vessel  below  the  seat  of  obstruction,  together 
with  a varicose  condition  of  the  abdominal,  renal,  and  pelvic  lymphatics. 
I’liese  facts,  together  with  the  circumstance  that  the  milky  fluid  in  the 
urine  in  chyluria,  in  varicose  groin-glands,  in  lymph-.scrotum,  and  in 
chylocele  possesses  all  the  characters  of  chyle  plus  the  presence  of  filaria 
embryos  in  the  fluid  as  in  the  blood,  suggest  the  following  hypothesis 
of  the  production  of  these  diseases 

In  some  way  as  yet  unexplained,  either  by  mechanical  plugging 
by  a bunch  of  intertwined  parent  filaria*,  or  in  consequence  of  in- 
flammatory conditions  leading  to  stenosis  brought  about  by  the  presence 
of  such  filariic  in  the  vessi-1,  or  in  some  other  way  connected  Avith  the 
parent  filarim,  the  thoracic  duct  becomes  occluded.  As  a result  of 
this  occlusion  there  is  stasis  of  chyle  and  lymph  in  the  thoracic  duct 
and  in  all  its  tributaries  below  the  iwint  of  obstruction.  Con- 
currently with  the  stasis  there  is  a rise  of  pressure  in  the  lymphatics 
of  the  implicated  area.  As  a consequence  of  this  rise  of  pressure, 
a movement  of  lymph  sets  in  the  direction  of  least  pressure,  that  is, 
towards  the  anastomosis  of  the  lyni])hatic  system  of  the  thoi'acic  duct 
with  the  lymphatic  system  draining  the  upper  part  of  the  body. 
The  relief  thus  obtained  will  gradually  extend  nearei'  and  nearer  to  the 
thoracic  duct  itself,  and  finally  the  contents  of  this  vessel  Avill  ])artake  in 
it.  But  for  the  coTitents  of  the  thoracic  duct — Avhich  include  the  chyle 
from  the  intestine — to  reach  this  anastomosis  they  must  take  a recurrent 
course,  through  the  pelvic  lymphatics,  thiough  the  inguinal  and  up])er 
femoral  lymphatics,  through  the  scrotal  lymphatics,  and  so  over  the 
abdomen  and  dorsal  region  to  the  upper  part  of  the  body.  To  accommodate 
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this  augmented  stream  these  lymphatics  must  dilate ; this,  together  with 
the  rise  in  pressure  Avhich  must  accrue  before  the  anastomosis  is  completed, 
may  end  in  producing  a varix  which,  should  it  involve  the  renal  or  vesical 
system  of  lymphatics,  may  by  rupture  give  rise  to  chyluria ; if  it  include 
the  inguino-femoral  glands — A'aricose  groin  lymphatics  ; if  the  scrotum— 
lymph-scrotum  ; if  the  tunica  vaginalis — chylocele. 

If  this  hypothesis  be  not  correct,  how  can  the  presence  of  chyle  in  the 
urine,  in  the  groin,  in  the  scrotum,  and  in  the  tunica  vaginalis  be  explained! 
Chyle  must  come  from  the  lacteals,  and  the  only  route  by  which  it  can 
reach  these  parts  is  the  one  described.  When  we  tap  a lymphatic  varix 
of  the  scrotum  or  of  the  groin,  we  tap  the  anastomotic  plexus  b}^  Avliich 
the  chyle,  denied  a route  up  the  thoracic  duct,  is  finding  its  Avay  to  the 
circulation.  ' 

Objection  has  been  raised  to  this  supposition  on  the  ground  that  the 
abnormal  sul)stance  in  the  urine  in  chyluria  is  sometimes  sanguineous, 
and  therefore  that  it  must  have  come,  in  part  at  least,  from  the  blood- 
vessels; and  impossibilities,  such  as  perforation  of  the  blood-vessels, 
have  accordingly  been  attributed  to  the  embiyo  filariax  But  in  a certain 
proportion  of  cases  these  embryos  are  Avholly  absent  from  the  urine  and 
also  fi’om  the  blood  ; and  yet  the  so-called  haunato-chyluria  persists  for 
years.  If,  then,  in  some  cases  the  sanguineous  character  of  the  ui-ine 
arises  independently  of  embryo  filaripe,  Avhy  not  in  all  1 It  is  a well- 
hnown  fact  that  in  the  upper  part  of  the  thoracic  duct  the  lymph  is 
jiinkish,  sometimes  even  red;  and  includes  some  red  blood-corpuscles. 
This  is  specially'^  noticeable  in  dogs  Avhich  have  survived  ligature  of  the 
thoracic  duct  for  some  time.  Manifestly  the  contents  of  this  \ essel,  even 
if  delayed  in  the  vessel,  continue  their  normal  evolution  towards  the 
formation  of  blood.  Thus,  without  assuming  rupture  or  perforation  of 
blood-A'essels,  the  piidvish  or  red  tinge  and  the  red  corpuscles  in  some 
cases  of  chyluria  can  be  satisfactorily  explained.  These  diseases  are 
entirely  diseases  of  the  lymphatic  sy'stem ; the  blood-vessels  are  not 
eiigaged  in  them. 

After  obstruction  of  the  thoracic  duct  has  been  set  up  by  the 
parent  filariie  it  is  of  no  consequence,  so  far  as  the  production  of  an 
inverted  flow  of  chyle  and  lymph  is  concerned,  Avhether  the  filarim  live 
or  die.  A stricture  of  this  description  once  produced  is  permanent, 
and  continues  after  the  cause  Avhich  had  given  rise  to  it  has  long  ])asscd 
away.  Hence  the  occasional  absence  in  chyluria,  and  in  the  other  forms 
of  lymphatic  varix  described,  of  the  embryo  filarim.  In  such  cases  the 
parent  filariie,  after  having  damaged  the  thoracic  duct,  have  died. 

ElEPH.\NT[ASIS  a RA15UM 

Although  elephantoid  thickening  of  the  integuments  of  the  feet 
iind  legs  and  of  other  parts  occa.sionally  originates  in  cold  climates, 
such  an  occurrence  must  be  considered  as  extremely  rare.  In  the 
tropics  and  subtropics  it  is  otherwise.  There  elephantiasis  is  common 
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enough — in  some  places  so  common  that  a large  proportion  of  the 
inhabitants  are  aiiected.  For  example  : in  parts  of  Travancore  about 
every  twentieth  individual  has  clejdiantiasis ; in  some  of  the  South 
Pacific  Islands  (Samoa,  Huanine)  nearly  half  the  inhcxbitants  are  affected. 
These  are  extreme  cases;  but  almost  everywhere  in  the  tropics  this 
disease  is  more  or  less  common.  It  becomes  rarer  as  we  proceed  north 
and  south  ; beyond  the  35th  degrees  of  N.  and  S.  latitudes  it  is  practically 
unknown. 

Elephantiasis  affects  various  regions  of  the  body.  As  a nde  the 
legs  01-  scrotum,  or  both,  are  the  only  parts  attacked  ; at  times,  however, 
the  disease  shews  itself  in  the  arms,  in  the  mammae,  in  the  female 
genitals,  and  in  the  scalp. 

.\ccording  to  statistics  prepared  from  2081  cases  occurring  in  India 
and  Brazil,  the  following  pai-ts,  alone  or  in  conjunction  with  other  regions 
of  the  body,  were  affected  in  the  percentages  stated  : — Lower  extremities, 
96‘84  per  cent;  upper  extremities,  5'86  per  cent;  scrotum,  2'3  per 
cent.  The  mamniEe  were  involved  once  in  every  G90  cases  ; the  lobe 
of  the  ear  once  only  in  the  entire  series.  No  mention  is  made  in  these 
statistics  of  the  disease  attacking  the  female  genitals.  It  would  appear 
that  in  districts  in  which  the  endemic  influence  is  very  powerful  the  pio- 
portioii  of  arm,  scrotum,  and  mammae  cases  to  leg  cases  is  greater  than  iu 
districts  in  which  the  endemic  influence  is  milder ; thus  in  the  South 
Pacific  Islands  arm  and  breast  cases  are  not  infrecpicnt. 

Elephantiasis  begins  with  an  attack  of  lymphangitis  and  erysi])- 
elatoid  inflammation  of  the  integuments.  Constitutional  symptoms  are 
severe,  setting  in  with  a sharp  and  prolonged  rigor,  followed  by  high 
fever,  which,  in  the  course  of  a day  or  two,  generall}"  ends  in  profuse 
diaphoresis,  and  often  in  a sort  of  lymphous  weeping  from  the  implicated 
skin.  The  inflammatory  effusion  is  only  partially  absorbed  ; some  thick- 
ening remains.  These  attacks  occur  at  irregular  intervals  of  weeks  or 
months,  each  attack  leaving  the  limb  or  scrotum  somewhat  larger  than 
before,  until,  in  the  course  of  years,  the  skin  and  cellular  tissue  has 
become  enormously  and  permanentl}^  hypertrophied,  and  an  unwieldy 
mass,  justifying  its  name — elephant  leg, — is  formed. 

In  the  long- established  disease  the  surface  of  the  affected  part  is 
rough  and  tuberose,  the  papillae  pilose,  warty  or  atrophied.  At  the 
ardde — if  it  be  the  leg  that  is  affected — the  skin  is  thrown  into 
folds. like  rhinoceros  hide,  deep  sulci  betxveen  the  folds  permitting  a 
small  range  of  movement  at  the  joint.  The  nails  are  rough  and 
thick ; the  hairs,  in  parts,  long  and  coarse ; sensation  is  somewhat 
impaired  ; sweating  is  defective,  and  the  parts  are  often  darker  than  normal. 
Usually  in  the  case  of  the  leg  the  disease  does  not  extend  alxove  the 
knee,  although  instances  of  implication  of  the  thigh  are  by  no  means 
rare  ; in  the  latter  case  folds  and  sulci  around  the  joints  permit  some 
degree  of  motion.  The  margin  of  the  diseased  patch  may  be  rather 
abruptly  defined,  or  it  may  jDass  gradually  into  sound  skin. 

When  the  scrotum  is  affected  the  tumour  assumes,  as  it  enlarges,  a 
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pyiifoi  m shii{)e,  the  neck  of  the  swelling  being  tow;ii-ds  the  ])iil)es.  The 
penile  integnments,  as  a rule,  are  dragged  down  into  the  mass,  so  that  the 
penis  becomes  buried  at  the  upper  part,  the  glans  lying  at  the  l)ottoni  of 
a long  tunnel  which  opens  half-way  down,  oi-  even  lower,  on  the  anterioi' 
surface  of  the  tumour.  Sometimes  the  integuments  of  the  penis  are 
specially  aHected,  and  then  they  form  a long  projection  like  a ram’s  horn, 
springing,  as  it  were,  from  the  face  of  the  mass.  In  all  cases  the  testes 
are  dragged  down  in  consequence  of  the  filn'ous  attachment  they  ha\  e to 
the  bottom  of  the  scrotum  through  the  remains  of  the  gubernaculnm 
testis  ; consequently  the  cords  are  very  much  elongated.  Fretpiently  the 
testes  cany  large  hydroceles  ; very  often  they  are  deformed  or  atroj)hicd 
by  pressure. 

In  the  case  of  the  legs  a girth  at  the  calf  of  from  :10  to  :14  inches, 
and  in  the  case  of  the  scrotum  a weight  of  from  one  to  two  pounds  uj) 
to  50,  or  100  or  even  200  pounds,  may  be  attained.  An  average 
measurement  for  a leg  in  a state  of  elephantiasis  would  bo  21  to  22 
inches;  an  average  weight  for  a scrotal  tumour  10  to  30  pounds. 
I'he  skin  of  the  mamnue,  when  this  organ  is  attacked,  may  eidargc  till 
the  nipple  hangs  as  low  as  the  umbilicus  or  pubes ; cases  are  on  recoid 
in  which  the  mamma  reached  the  knee  and  weighed  many  pounds. 
Labia  weighing  seven  or  eight  pounds  have  frequently  been  removed. 

Circumscribed  patches  of  ele{>hantised  integument  are  not  uncommon. 
Corney  and  Daniels  described  such  patches  as  frequent  among  the  Fijians, 
in  whom,  Avhen  the  skin  over  Scarpa’s  triangle  is  affected,  they  form 
massive  pear-shaped  tumours  many  pounds  in  weight. 

On  cutting  into  the  affected  tissues  in  elephantiasis  the  dermis  and 
external  layers  of  the  subcutaneous  areolar  tissues  are  found  dense, 
white,  fibrous,  and  enormously  thickened — perhaps  attaining  a thickness 
of  from  one  to  two  inches — particularly  in  the  scrotum.  The  deeper  pai't 
of  the  superficial  fascia  is  converted  into  a loose,  yellowish,  blubbeiy- 
looking  dropsical  tissue  containing  here  and  there  fibrous  bands  and  many 
large  veins  and  lymphatics.  The  sheaths  of  the  large  vessels  and  nerves, 
and  the  muscular  aponeuroses  are  thickened  ; the  underlying  bones  may 
also  be  hypertrophied  and  rough.  The  lymphatic  trunks  are  dilated, 
and  their  radicles  varicose  and  thinned. 

In  all  cases  the  lymphatic  glands  are  enlarged,  dense,  and  fibrous; 
and  not  the  glands  of  the  affected  side  only,  but  often  those  of  the 
opposite  limb  also. 

Ulcers  sometimes  form  on  the  affected  limbs,  ai\d  in  the  larger 
scrotal  tumours  large  abscesses  and  even  gangrenous  patches  are  iK)t 
uncommon. 

Apart  from  the  risks  attending  secondary  sejitic  conditions  arising 
from  such  mishaps,  elephantiasis,  though  painful  when  inflamed,  and 
cumbei-.some  at  .all  times,  is  not  a disease  involving  much  danger  to  life. 

Pathology  of  Elephantiasis. — The  pathology  of  elephantiasis  is  still 
ob-scure.  Although  there  is  sufficient  evidence  to  connect  it  with 
Microfilaria  nocturuu,  the  exact  w.ay  in  which  the  parasite  brings  about 
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the  lymph  stasis,  which  pathologists  agree  to  be  the  main  factor  in  the 
disease,  is  still  a matter  of  speculation. 

The  following  are  the  principal  grounds  for  incriminating  the  filaria : 
(ii)  The  geographical  ranges  and  the  degrees  of  prevalence  of  elephantiasis 
and,  so  far  as  we  know.  Microfilaria  uocturna  correspond,  (b)  Elephantiasis 
is  a disease  essentially  of  the  lymphatic  system ; the  filaria,  in  its  mature 
form,  is  essentially  a parasite  of  the  same  system,  (c)  I'llephantiasis 
frequently  accompanies  or  supervenes  on  the  elephantoid  diseases.  (</) 
I’he  elephantoid  diseases — themselves  diseases  of  the  lymphatic  system — • 
are  generally  associated  with  a peculiar  type  of  fever  and  inflammation ; 
the  same  tyjie  of  fever  and  inflammation  is  always  a feature  in  the 
development  of  elephantia.sis.  (e)  Seeing  that  elephantoid  disea.ses  have 
been  proved  to  be  caused  by  the  filaria,  it  is  reasonable  to  conclude  that 
elephantiasis  is  brought  about  by  the  same  parasite. 

There  are  certain  cases  of  lymph-scrotum  and  of  varicose  groin-glands 
in  which  the  contents  of  the  lymphatic  varix  are  clear  and  lymiphous, 
and  not,  as  is  usually  the  case,  chylous.  Manifestly  such  contents  come 
from  leg  or  scrotum  onljq  and  are  not,  in  such  instances,  a regurgitation 
from  the  intra-abdominal  lymphatic  system.  Sometimes  in  these  cases 
filaria  embryos  are  found  in  the  lymph  from  the  varix  although  they 
cannot  be  found  in  the  blood.  The  inference  from  this  fact  is  that  the 
lymph  containing  the  parasite  cannot  reach  the  circulation,  otherwise  the 
hlaria  would  be  discoverable  in  the  blood.  On  two  occasions,  in  examin- 
ing the  lymph  in  such  cases,  large  numbers  of  filaria  ova,  measuring 

" rl  r/'  encountered.  In  this  circumstance  the  explanation 
of  the  pathology,  not  only  of  the  particular  class  of  varix  in  which 
these  ova  occurred  but  also  of  elephantiasis,  nui}''  j)0.ssibly  l)c  found. 

The  filai-ia  is  normally  viviparous.  Its  young,  when  born,  are  long, 
outstretched  animals  possessing  the  power  of  independent  inovement,  and 
to  a certain  extent  of  locomotion.  'I'hough  long  they  arc  no  broader 
thaTi  a red  blood-corpuscle,  and  therefore  can  pass  wherever  red  blood- 
corpuscles  can  pass.  But  the  ova  of  the  filaria  are  very  much  broader 
bodies ; they  are  passiv'e,  and  therefore  incapable  of  contributing  to  their 
own  passage  through  the  vessels.  The  presence  of  ova  in  lymph  })i-oves 
that  the  i)rocess  of  ixirturition  in  the  filaria  from  which  these  particular 
ova  proceeded  had  been  morbidly  hurried  ; in  other  words,  the  contents 
of  the  parasite’s  uterus  had  been  discharged  before  the  intra-uterine 
development  had  been  completed,  before  the  spherical  ovum  had  been 
converted  into  the  elongated  embryo.  'Flie  effect  of  such  an  occurrence 
on  the  lymphatics  in  which  the.  niatui-c  filaria  lies  may  be  imagined. 

Under  nonnal  conditions  the  microfilarim  proceeding  from  a parent 
worm  traverse  the  lymphatic  glands  without  difficulty  ; but  should  an 
injury  to  the  female  filaria — an  event  very  likely  to  occur  in  so  exposed 
a situation  as  the  leg — cause  her  to  abort — to  empty  her  uterus 
l)rematurely — then,  instead  of  the  long,  slender,  sinuou.s,  active  embryo, 
the  broad,  passi\'e,  spherical  ova  from  the  upper  end  of  the  parasite’s 
uterus  will  be  launched  into  the  lymph-stream.  These  ova  will  be 
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canicd  to  the  nearest  lymphatic  ^laiul,  and,  being  too  large  to  traverse 
the  vessels,  will  plug  the  entire  system  of  atlerent  vessels  appeitaining 
to  this  gland.  Then  the  anastomosis  will  carry  the  arrested  and 
diverted  ova-bearing  lymph-stream  to  the  next  gland.  'I  his  gland  will  be 
jdugged  in  turn  ; and  .so  on  until  the  entire  lymphatic  system  connected 
directly  or  by  anastomosis  with  the  vessel  in  tvhich  the  aborting  filaria 
lies  is  com[)letely  cut  off  from  the  circulation.  A slight  blow,  or  wound, 
or  septic  inoculation  would  readily  set  up  inflammation  in  stich  a congested 
area  and  elephantiasis  will  be  established. 

Objection  has  been  raised  to  this  hj'pothesis  on  the  ground  that  mici  o- 
Hlaria^  .are  rarely  found  in  the  l)lood  in  ele]>hantiasis.  This  objection  is 
readily  .answered  by  the  consideration  that  the  very  cii'cumstances  and 
mechanism  by  which  the  filariiv  bring  about  tlie  disease  prevent  their 
embryos  from  appearing  in  the  blood  ; the.se  cannot  traverse  the  occluded 
glands  any  more  th.an  the  lymph  can. 

It  is  a curious  and  .significant  cii'cnmstance  that  in  a countiy  in 
which  both  elephantiasis  and  the  filaria  are  extensivel}'  endemic,  filariac 
are  found  very  much  more  fre<[uently  in  individuals  who  are  not  affected 
with  elephantiasis  than  in  persons  who  are  so  aflected.  Thus,  in  88 
blood-slides  received  from  Cochin,  7-f  came  from  healthy  individuals — 
in  these  74  slides  fi lari se  were  found  in  20,  or  in  about  1 in  -8'7  ; 14 
came  from  cases  of  elephantiasis,  but  in  only  1 of  these  1 4 slides  were 
filarise  found.  These  figures  not  only  prove  the  great  frequency  of  the 
filaria  in  countries  in  which  elephantiasis  is  extensively  endemic,  Imt  they 
are  a powerful  *su])port  to  the  opinions  offered  concerning  the  pai'ticular 
way  in  which  the  parasite  brings  about  this  disease.  In  such  countries 
filarite  are  less  likely  to  be  found  in  those  persons  who  ai’e  affected  with 
elephantiasis  than  in  those  who  are  not,  seeing  that  in  the  former  the 
lymphatic  system  of  a considerable  part  of  the  body  is  l)locked.  But  in 
countries  in  which  the  filaria  is  still  more  prevalent — in  which  nearly 
every  man  and  woman  carries  the  parasite — even  those  affected  with  a 
moderate  area  of  elephantiasis  may  have  the  microfilaria3  circulating 
in  the  Idood.  Thu.s,  of  56  slides  of  night  blood,  from  56  cases  of 
elephantiasis  and  elephantoid  conditions,  which  Dr.  Davies  collected 
in  Samoa,  no  fewer  than  27  contained  the  filaria,  many  of  them  in  great 
profusion. 

Many  other  hypotheses  of  the  causation  of  elephantiasis  have  been 
advanced  from  time  to  time,  but  none  of  them  explain  or,  indeed,  are 
compatible  Avith  all  the  facts  noAv  ascertained  about  this  disease. 

Tmdment  of  Filarioais. — Xo  means  have  been  discovered  of  killing 
the  filarine  in  the  body,  and  as  it  is  impossible,  with  rare  exceptions, 
to  localise  them  with  sufficient  precision,  exci.sion  of  the  ]rircnt  Avorms  is 
usually  out  of  the  question.  The  only  Avay  to  secui’c  immunity  from 
filarial  disease  in  the  endemic  region  is  by  a rational  prophylaxis  founded 
on  oui'  knoAvledge  of  the  lifc-histoty  of  the  parasite.  The  siilq'ects  of 
filarial  infection  should  be  made  to  .sleep  bcloAv  mosquito-netting.  In 
filaria  countries  every  one  should  use  mosquito-nets,  and  mosquitoes 
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should  be  suppressed  as  far  as  is  practicable  (cf.  p.  28.)).  Persons  known 
to  harbour  filariie  ought  to  avoid  blows  and  injuries  of  all  kinds,  ami 
evcrv  circumstance  which  might  cause  the  parent  filarim  to  abort,  or 
which  might  cause  rupture  or  set  up  lymphangitis  in  congested  lymphatic 
areas. 

'I'he  ]»athology  of  the  various  forms  of  filarial  disease  indicates  their 
special  treatment. 

Chiihtrii(  is  best  treated  on  mechanical  pi-inciples,  effort  being  directed 
to  lessen  the  pressure  on  the  vessels  of  the  leaking  renal  or  vesical 
lymphatic  varix.  The  recumbent  po.sition  with  raised  pelvis  .should  be 
maintained  until  the  urine  becomes  clear  and  free  fi'om  clot  and  albumin. 
.A.11  foods  likely  to  increase  the  amount  of  chyle,  such  as  fats  and 
albuminoids,  should  for  a time  be  avoided,  and  the  amount  of  fluid 
restricted  as  much  as  possible.  By  following  such  a dietary  the  chylous 
apjjearance  iu  the  urine  often  disappears  in  a day  or  two.  This  does  not 
mean  cure,  however,  in  every  case ; for  if  we  inspect  the  urine  carel'ully 
we  can  still,  and  for  a longer  or  shorter  time,  see  floating  in  it  a lym^ihous 
clot,  and  on  boiling  find  it  loaded  with  allmmin.  So  long  as  clot  and 
albumin  arc  pi-esent,  the  leak  in  the  lym])hatic  varix  is  not  healed, 
although  the  fatty  matter,  not  being  supplied  to  the  chyle,  may  not  Ite 
present.  A single  tumblerful  of  milk  will  at  once  give  ocular  proof  of 
the  patency  or  closure  of  the  rupture  iu  the  varix.  Xot  until  clot  and 
albumin  have  entirely  disappeared,  and  the  milk  test  gi^’es  a negative 
I’osult,  should  the  patient  be  allowed  to  cjuit  the  recinnbcnt  position. 

It  is  well  to  give  a saline  aperient  fi-om  time  to  time.  Many  drugs 
have  been  recommended,  including  benzoic  acid  and  the  benzoates,  gallic 
aciil,  the  salts  of  iron,  glycerin,  mangrove  bark,  chromic  acid,  thymol, 
salicylate  of  soda,  and  so  on,  but  it  cannot  be  said  that  benefit  has 
certaiidy  accrued  fi-om  any  of  them.  In  judging  of  the  value  of  a 
remedy  in  this  disease  it  must  always  be  borne  in  mind  that  every  now 
and  again  chyluila  ceases  spontaneously  ; the  drug  which  was  being  taken 
when  the  chyluria  so  ceased  is  apt  to  be  credited  with  the  cure. 

Varicose  infiuinal  glands  ought  to  be  left  alone  or  gently  supported  by 
a well-adjusted  bandage.  If  they  are  so  painful  and  so  tense  that  the 
patient  is  thereby  disqualified  from  making  a living,  the  question  of  their 
exci.sion  might  be  entertained.  But  the  .surgeon  must  not  forget  that 
these  dilated  hunifliatics  are  part  of  a phy.siologically  necessary  varix. 
Although  their  excision  has  been  followed  sometimes  by  chyluria  and 
also  by  elephantiasis,  in  not  a few  instances  the  operation  has  been 
productive  of  benefit  which  appeared  to  be  permanent  (IMaitland).  In  a 
case  operated  on  by  Mr.  Johnson  Smith,  the  lymphatics  of  the  right 
s])ermatic  cord  subseapieutly  became  enormously  dilated  and  caused 
much  pain  and  inconvenience.  Mr.  Godlee  has  attempted,  by  intro- 
ducing one  of  the  dilated  lymjjhatics  into  a convenient  vein,  to  short- 
circuit  the  coixrse  of  the  lymph  to  the  venous  .system,  and  thereby 
I’oducc  the  prcssui’o  iu  the  varix.  The  residt  was  not  completely 
successful  owing  to  the  tenuity  and  delicacy  of  the  lymphatic  walls. 
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Li/iiiph-scrotum. — 'I'hc  same  remai'ks  apply  to  this  as  to  the  2)recetliiig 
case.  When  passing  into  confirmed  elephantiasis  a lymph-scrotum  ought 
to  be  excised. 

Clij/loctie  may  be  tapped  and  injected  or  incised. 

Elepliaiifiafii^  of  the  savium  should  be  amimtated,  the  penis  and  testes 
being  retained. 

EU’phdiitiasix  of  the  leg  is  best  treated  by  rest,  elevation,  massage,  and 
elastic  bandaging.  If  of  recent  foi'mation,  and  the  2)atient  sound  in 
constitution,  and  neither  malarious,  amemic,  nor  scorbutic,  a mild 
mercurial  course  may  be  beneficial.  During  acute  attacks  pricking  the 
distended  limb  so  as  to  provide  an  escajie  for  the  effusion,  and  dressing 
the  parts  antiseptically,  gives  great  relief,  and  may  tend  to  delay  the 
})rogress  of  the  swelling.  Pain  and  fever  are  to  be  treated  on  general 
l)rinciples. 

xiii.  Filaria  magalhaesi  K.  Blanchard  1895.  — (Synonyms:  Filaria 

boncrofti  von  Linstow  1892,  Filaria  huncrofti  P.  S.  de 
Magalhaes  1892  nec  Cobbold  1877.) — In  1892  Professor 
.Magalhaes,  of  Bio  de  daneiro,  jiublished  a careful 
descri[)tion  of  two  sexually  mature  filaria*  which  were 
found  in  a clot  of  blood  said  to  have  come  from  the  left 
ventricle  of  the  heart  of  a child.  The  disease  of  which 
the  patient  died  is  not  stated.  The  female  measuied 

1 5.5  mm.  in  length  by  0'6  to  0’8  mm.  in  breadth,  the 
male  83  mm.  in  length  by  0'28  to  0’4  mm.  in  greatest 
bi’eadth.  Both  were  white,  opalescent,  and  delicately 
marked  by  transverse  striie.  In  both  the  oesophagus 
terminated  in  a bulb,  the  intestine  commencing  in  a 
dilatation  ; and  in  both  the  head  was  club-shaj^ed,  and 
the  mouth  terminal,  round,  simple,  and  without  papilhe. 

In  the  female  the  vulva  was  placed  2'56  mm.  from  the 
mouth,  the  uterus  was  double,  and  the  anus  opened  0T3 
mm.  from  the  tip  of  the  rounded  tail.  The  male  was 
])rovidcd  with  two  si^icules  projecting  from  the  cloaca, 

O’ 11  mm.  from  the  tip  of  the  rounded  tail,  which  was 
further  provided  with  four  pre-anal  and  three  post-anal 
pairs  of  papillte.  ATe  have  no  description  of  the 
embryos,  which,  it  is  to  be  presumed,  must  have  circulated 
in  the  blood. 

xiv.  Filaria  demarquayi^  Manson  1895. — The 
geograj)hical  range  of  this  parasite  has  not  yet  been 
accurately  determined,  but  we  know  it  occurs  in  certain 
of  the  AVest  Indian  Islands — St.  A^incent,  Dominica, 

Trinidad,  and  St.  Lucia,  and  in  Demerara.  The  same  oi’  a similar 

’ Tills  blood-worm.  Filaria  deviarqwiyi,  was  named,  at  Profe.s.sor  Blaiidiard’s  sugge.stioii, 
after  Demarquay.  the  discoverer  of  M icroJUuria  nocturna.  and  therefore  the  jiioneer  of  tins 
important  branch  of  pathologj'.  Demarquay  was  a native  of  the  We.st  Indies  ; there  is. 
therefore,  a certain  appropriateness  in  calling  this  West  Indian  parasite  after  him.  as  well 
.as  being  a recognition  of  scientific  services  too  long  overlooked  even  by  his  own  nation.  - -P.  M. 
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Fio.  204.— A,  F.  (k- 
vuininnyi.  ii,  F. 
vocf unic  (X  300). 
Drawn  troni  slides 
pre])ared  in  the 
same  way. 
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parasite  has  been  seen  in  blood  from  New  Guinea  and  from  the  \\  est 
Coast  of  Africa.  In  the  West  Indian  Islands  it  is  confined  to  very 
circumscribed  districts,  but  in  Dcmerara  a large  proportion  of  the  native 
Indians  throughout  the  back  country  are  affected,  and  in  them  Micro- 
lilaria  (lemarqmiji  is  almost  invariable  in  association  with  Microfilaria 
Persians.  According  to  Low  it  is  a jiarasite  of  jungly  districts.  The 
intermediary  host  has  not  yet  been  discovered.  The  microfilaria  is 
characterised  by  its  minute  dimensions,  sharp  tail,  absence  of  a sheath,  and 
bv  its  very  active  movements  and  capacity  for  elongation  and  contraction. 
.\  complete  specimen  of  the  adult  male  has  not  been  found  ; the  female 
occurs  in  the  connective  tissue  at  the  root  of  the  mesentery.  It  measures 
Go-80  mm.  in  length  b\'  0‘21-0‘25  mm.  in  breadth.  The  head  is  simple, 
unarmed,  there  is  no  oesophageal  constriction.  The  anus  is  subterminal, 
opeiung  on  a small  papilla  0'25  mm.  from  the  po.sterior  extremity.  The 
genital  pore  opens  0‘6  mm.  from  the  mouth.  The  embryo  shews  no 
periodicity.  The  intermediary  host  is  not  known,  though  there  is  some 
reason  for  suspecting  Stegomi/ia  fasciata. 

Hitherto  F.  deimrcfiayi  has  not  been  shewn  to  be  pathogenetic. 
Filaria  ozzardi  Manson  1897. — This  form  has  been  described  as  a 
distinct  S25ccies,  but  it  is  now  regarded  as  sjDecifically  identical  with 
/•’.  demtnpuuji. 

XV.  Filaria  volvulus  K.  Lcuckart  1893. — This  Avorm,  known  only  in 
the  adult  state,  is  found  in  subcutaneous  tumours  in  men  on  the  Gold 
Coast,  Dahomey,  and  Sierra  Leone.  The  male  measures  30  to  35  by 
0T44  cm.  The  cuticle  is  thick  and  striated ; the  tail  is  recurved. 
I’liere  seem  to  be  a pre-anal  and  a post-anal  jjaii-  of  2>aiulhr,  and  two 
lateral  pairs  and  two  unequal  spicides.  The  female  is  GO  to  70  cm.  long 
and  the  truncated  tail  is  recurved.  The  embryos  abound  in  the  fluids 
of  tlic  tumour,  they  measure  0"25  by  0’005  or  O'OOG  mm.  They  have 
not  yet  been  recognised  in  the  blood.  The  Avorms  can  live  in  the 
tumours  for  many  years. 

xvi.  Filaria  powelli  PoAvell  1903. — This  is  oidy  knoAvn  in  the 
microfilarian  state,  and  requires  reinvestigation.  It  AA’as  found  in  the 
blood  of  a IMohammedan  policeman  in  Bombay.  The  microfilaria  has 
a sheath,  is  0T3  mm.  long,  and  uniformly  0-005  mm.  thick.  It  Avas 
only  found  at  night. 


Family  VI. — Ang-iostomidse 

Heterogeneous  Forms. — This  family,  like  the  preceding,  also  includes 
only  one  genus  parasitic  in  man.  The  various  sjiecies  are  heto'o- 
gamous,  each  species  including  a free,  bisexual,  aiid  rhabditic  form  ami 
a parasitic,  filaria-like,  and  hei-maphrodite  form. 

Strong-yloides  stereoralis  Bavay  1876.  — (Synonyms:  Anguillula 
intestiwdis  et  stereoralis  Bavay  1877,  Leplodera  intestinalis  et  stereoralis 
Gobbold,  Pseiulorhahdiiis  stereoralis  Pei-roncito  1881,  Ehabdonema  strongn- 
loides  Lcuckart  1883,  St rongi/l aides  intestinalis  Grassi  1883,  Ilhahdonema 
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»t  lutesfiiKih’  Blanohiird  188G.)-  This  parasite,  discovered  l>y  Norniand  in 
^ 187G  in  cases  of  chronic  intestinal  Hux  from  Cochin  China,  has  since 

« been  fonnd  in  many  parts  of  the  world — in  Brazil,  West  Indies,  Egypt, 
ft  India,  Ceylon,  China,  Indo-China,  the  United  States,  the  Philippines, 
J Hawaiian  Islands,  Africa,  Italy,  Germany,  etc.  It  is  very  often  found 
I in  association  with  A.  duodenale,  and  it  is  probal>le  that  the  geographical 
I range  as  well  as  the  biological  requirements  of  these  two  parasites  are 
>1  closely  similar. 

The  mature  rhabdonema  lives  iu  the  intestiiml  mucus  of  the  duodenum 
i aiul  upper  part  of  the  jejunum  ; rarely  in  the  stomach  or  ileum.  It  is  a 
»'  very  minute  aud,  proportionately,  very  long  parasite — 2 '2  by  0'034  mm. 
I It  is  readily  distinguishable  under  the  microscope  from  all  other  intestinal 
parasites  l)y  its  size  and  proportions,  and  by  the  five  or  six  ellipsoidal 
eggs  (0'05  to  O’OuS  by  0'03  to  0'034  mm.)  lying  in  a sti'ing  about 
the  centre  of  its  body  and  in  close  relation  to  the  }>osition  of  the  \ulva. 
Xo  male  form  has  been  found  in  this  stage.  From  analogy  with  Jihahdon(’)ii(i 

I 


rid.  'JUl). — Egg  of  St  roil  11)1- 
loiiifs  rtf  moral  in  (x 
I’lO.  iOo. — Embryo  Stroiigyloides  sterooralh  about  400).  Coloiirles.s. 

in  fa'C'c's.  Al'tiT  Golgi  ami  Monti.  rioiu  l.on.s.s. 

niij  fore  nosum  of  the  frog  Leuckart  regarded  these  forms  as  hermaphrodite, 
but  other  observers  look  upon  them  as  parthenogenetic  females.  They 
bore  into  the  mucous  membrane  of  the  alimentary  canal,  often  into 
Bieberkiihn’s  glands.  When  the  ova  have  passed  into  the  chyme  the 
embryo  (Fig.  205)  develops  so  rapidly  that  before  the  faeces  leave  the 
intestine  the  shell  of  the  egg  has  been  ruptured  and  the  embryo  is 
swimming  about  very  actively  in  the  fluid  faeces.  These  embryos  have 
])ointed  tails,  rounded  heads,  and  measure  0'2  or  0'3  bj’  0’013  mni. 

. They  are  further  distinguished  by  the  double  oesophageal  bulb,  the 
posterior  bulb  of  which  carries  three  teeth.  Unlike  what  occurs  in  the 
case  of  A.  duodenale,  owing  to  the  rapid  development  of  the  embryo  and 
its  early  escape  from  the  ovum,  ova  are  rarely  found  in  the  stools,  unless 
it  be  during  the  action  of  a powerful  cathartic.  When  they  do  occur  in 
the  stools,  being  usually  in  strings  of  three  or  four,  they  are  not  likely 
to  be  confounded  with  the  ova  of  any  other  parasite. 

The  future  of  the  embryos  after  they  leave  the  human  body 
de])ends  on  several  circumstances.  First,  unless  they  get  access  to  non- 
jmtrefying  fluid  they  soon  die ; the  faeces  containing  them,  therefoi-c, 
must  mix  freely  with  water.  Second,  if  the  temperature  be  low  the 
embryo  rhabdonema  develops  into  a filariform  larva  which,  Avdien 
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swallowed  by  man,  or  when  it  has  bored  throngh  his  skin  and  made 
its  way  to  the  intestine,  quickly  assumes  the  parasitic  torm  already 
described.  Third,  if  the  temperature  be  high  the  embryos  develop  into 
male  (Fig.  207)  (O'T  by  0’035  mm.)  with  a coiled  tail,  and  female  (Fig.  208) 
( 1 '0  by  O’Or)  mm.)  mature  rhabditic  worms.  Their  eggs,  whicb  number 
only  30  to  40,  measure  O’OT  b}'  0’045  mm.  In  due  time  these  rhabditic 


Flo.  207.  —StrntKjiiliride.i  dercomlU, 
inalf.  Coigi  and  .Monti. 


Fig.  208. — Strongyloides  stercomlif.  female. 
Golgi  and  Monti. 


foi'ins  produce  embryos  which  assume  the  filariform  type  (Fig.  209)  and,  on 
being  transferred  to  man,become  Tlhabdonema  infestinalc.  These  free  mature 
rh;il)ditic  forms  are  what  were  formeidy  known  as  Anguillula  stercoralh. 
'I’liey  were  found  in  the  fteces  at  post-mortem  examinations,  and  also  in 
the  fmces  after  discharge ; for  a long  time  their  true  relationship  to  the 
R.  intestinale  was  not  understood.  Grassi  has  shewn  that  the  second  or 
free  generation  may  be  suppressed  and  that  the  first  larvae  may  grow  up 
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into  the  panisitic  t'onii  directly.  This  may  account  for  the  great 
severity  of  the  infection  in  some  cases. 

At  one  time  this  pai’casite  was  supposed  to  be  the  cause  of  the 
diarrhaai  so  common  in  Cochin  China.  This  is 


more 
by  the 
mucous 


no  longer  believed,  and  most  pathologists  regard 
the  pi-esence  of  the  worm  in  these  cases  as 
or  less  accidental — favoured  no  doubt 
catarrhal  condition  of  the  intestinal 
membrane,  but  certainly  not  causing  it. 

The  eosinophil  cells  of  the  blood  arc  usually 
increased  in  uund^er  in  this  infection  (up  to  14 
per  cent) ; in  some  cases  an  increase  in  the 
number  of  lymphocytes  has  been  noted,  but  no 
cases  of  antemia  or  general  leucocytosis  have  been 
traced  to  the  presence  of  this  parasite. 

The  larva?  of  the  free  forms  make  their  way 
into  the  body  of  the  host,  like  the  larval 
.1  nkiflostomas,  in  two  ways.  Either  (i.)  passively  in 
drinking-water  or  in  food  such  as  salads,  or  (ii.)  actively  by  boring 
through  the  skin  Avhence  they  i-eaeh  the  alimentary  canal  through  the 
same  channels  as  do  the  Atil,\i/loshma  larvae. 

Treatimnit. — It.  intestinale  is  difficult  to  expel.  Sousino  says  he  got 
good  results  from  a long  course  of  small  doses  of  thymol  and  liquor  ferri 
))crchloridi.  The  ordinarj*  anthelmintics  are  ineffective  against  this 
}>arasite.  Prevention  must  take  the  direction  of  a pure  water-supply  and 
the  avoidance  of  uncooked  vegetables  and  fouling  of  the  skin  by  faecally 
contaminated  soil.  There  is  some  evidence  that  the  desiccated  filariform 
embryos  may  gain  access  to  the  alimentary  canal  in  the  shape  of  wind- 
borne  dust. 


I'lc.  '’Oa. — Kilarifonii  eiiilii->o 
of  Strniiiii/loides  slercorolix. 
Golgi  Monti. 


Family  VII. — Gnathostomidoe 

The  anterior  part  of  the  body  or  the  whole  body  covered  by  minute 
branching  spines.  Usually  found  in  the  alimentary  canal  of  mammals. 
f)nly  one  genus. 

Gnathostoma  siamense  (Levinsen)  1889. — (Synonym:  CheiracaniJms 
.^iamensis  Lev.  1889.) — The  female,  measuring  9 by  1 mm.,  alone  is  known. 
Around  the  head  are  eight  rings  of  spines  and  the  other  spines  cover 
oidy  the  anterior  thii-d  of  the  body.  The  first  specimens  came  from  the 
breast  of  a young  Siamese  where  a tumour  had  foimied.  The  tumour 
di.sappeared  and  was  succeeded  by  bean -like  swellings  in  the  skin; 
from  one  of  these  the  worm  came  out.  Two  or  three  other  cases  have 
since  been  observed. 


Ci,.\ss  II. — Acanthockphala 

This  is  a small  group  with  few  genera,  usually  associated  Muth  the 
Nematoda  and  the  Nematomorpha  ((lordian  worms)  to  form  the  grou]> 
Xemathelminthes. 
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The  Acimthocephala  vary  from  65  cm.  in  the  female  Giflanffyrhyvrhvs 


Kk!.  Sll. — A,  nifiantorhyiu-hnu  gififif,  fpiiialp,  from  Urn  pig  (nat.  size).  H,  Ii’sini/onvis,  male,  from  tlift 
edible  frog  1 ^'>  i'tirsa  ; c.ul,  cement  glands;  Ini,  lemiiisci ; «.  neck;  pr,  proboscis; 

r.m,  retractor  muscle  of  i>roboscis  ; s.lg,  suspensory  ligament ; ts,  testis  ; r,  ve.ssel. 

nigua  to  (juite  small  species  a few  millimetres  in  length.  They  are 
parasitic  in  the  alimentary  canal  of  vertebrates,  usually  in  those  which 


Pio.  210. — A,  Five  specimens  of  Echinorlnjiiehvs  acii!>  Rud.  attached  to  a piece  of  intestinal  wall  (x  1); 
13,  the  proboscis  of  one  .still  more  highly  magnilied. 
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live  near  water,  for  the  larval  stage  is  usually  passed  iu  a crustacean  or 
in  water-insects.  There  is  no  alimentary  canal 
or  mouth,  and  the  animals  live  hy  absorbing 
through  their  general  body- wall  the  nutritive 
Hnids  in  which  they  are  bathed.  The  anterior  end 
of  the  body  is  called  the  proboscis,  and  is 
surrounded  by  rings  of  hooks  which  serve  to  fix 
the  parasite  in  the  walls  of  the  alimentary  canal. 

The  lumen  of  the  proboscis  is  cut  off  from  that  of 
the  bod}'  by  a septum,  and  to  some  extent  the 
proboscis  can  be  retracted  into  the  body.  The 
skin  is  smooth  and  whitish.  The  animals  usually 
have  a plump  appearance. 

The  following  three  species  ha\  e been  described 
in  man,  but  with  little  detail  and  some  un- 
certainty : — 

i.  Gigantorhynchus  gigas  (Goeze)  1782.—^ 

(Synonym:  Ta’nia  hirudinacea  Pallas  1781.) — The 
elongated  body  tapers  posteriorly.  The  proboscis 
is  almost  spherical,  with  five  or  six  rows  of  hooks.  nwiiiBia''  i 

'Die  male  is  10-15  cm.  in  length,  and  the  female 
may  be  three  times  this,  or  even  more,  in  length. 

The  three  shelled  eggs  are  0'08-0T  long.  The 
normal  host  of  G.  {jifios  is  the  pig,  and  they  live  in 
his  small  intestine.  The  eggs  leave  the  body  and 
arrive  in  the  grubs  of  the  beetle  }felolmtha  vulgaris 
and  Celmia  aurata,  and  probably  in  America  of 
Lachnosterna  arcuata.  It  is  of  course  oidy  an 
accidental  parasite  in  man,  but,  according  to  Braun, 

Lindemann  states  that  it  is  not  rare  among  the 
peasants  of  Southern  liussia,  and  Leuckart  admits 
a few  cases. 

ii.  Echinorhynchus  hominis  Lambl  1859. — 

.-V  boy  who  had  died  of  Icuktemia  harboured  an 
Echinorhynchus,  to  which  Lambl  gave  the  name 
E.  hominis.  The  worm  Avas  5 '6  ram.  long,  and  bore 
twelve  rows  of  hooks  in  its  proboscis. 

iii.  Echinorhynchus  moniliformis  Brernser 
1819.  The  adult  of  this  species  is  normally 
parasitic  in  field-mice,  marmots,  rats,  etc.,  and 
the  larva  lives  in  a beetle  JUups  murronata.  Grass! 
and  Calandrnccio  have  shewn  that  it  will  live  in 
man  if  artificially  introduced. 


Fio.  212. — All  e"g  of  Echino- 
rhiinchus  acus  liiid.  .siir- 
rouiulod  by  tbroe  ogg- 
sliolls.  Itiglily  iiiagiiifieii. 
Tlin  egg  b.is  segmeiiled,  ami 
the  celts  are  (iilfcreiitiatcd 
into  a,  the  eiitoblast,  and 
h,  the  ectoblast ; c,  siiincs. 
From  llamaiin. 


PKNTASTOMmA 

This  group  of  animals  occupies  an  isolated  position  in  the  animal 
kingdom.  Most  authorities  regard  them  as  aberrant  Arachnids,  but  the 
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connexion,  if  it  exists,  is  a remote  one.  It  includes  two  genera  with 
some  score  of  species,  all  of  them  pai'asitic.  The  adults  occur  as  a rule 
in  the  nasal  passages  and  the  spaces  connected  with  them,  and  in  the 
lungs  of  the  caiaiivora,  o])hidia,  and  crocodilia  and  flesh -eating  verte- 
brates generally.  The  larvm  occur  either  free  in  the  body-cavity  or 
encapsuled  in. the  walls  of  the  alimentary  canal,  the  mesentery,  the  liver, 
spleen,  or  abdominal  muscles ; in  fact  in  some  position  not  far  removed 
from  the  alimentarv  canal  from  which  they  have  migrated.  Both  adults 
and  larvte  sometimes  shift  their  position,  and  the  active  migration  of  the 
latter  may  cause  fatal  results. 

The  Pentastomida  are  white,  rather  tough,  worm-like  animals,  with  a 
series  of  constrictions  and  rings  which  have  no  true  segmental  value. 
'I'he  head  may  or  may  not  be  sepai-ated  from  the  body  b}''  a neck,  it 
bears  the  median  mouth,  and  is  flanked  on  both  sides  by  a pair  of  stout 
hooks.  The  anus  is  terminal.  Pentastomids  are  bi.sextial,  the  males 
being,  as  a rule,  smaller  and  less  numerous  than  the  females.  The  uterus 
opens  ventrally  a little  in  front  of  the  anus,  and  the  number  of  ova  is 
veiy  great.  The  male  geiutal  opening  is  also  ventral  and  a little  way 


under  the  name  of  I'livoccphcilui^  {Psntufstoinn')  dcnticulutu^y  is  much  more 
common.  Zenker,  who  first  recognised  it  as  a human  parasite,  fouml 
it  nine  times  in  one  hundred  and  sixty-eight  post-mortems  ; Heschl  found 
It  twice  in  twenty  autopsies,  and  there  are  many  other  cases  on  record. 


behind  the  mouth.  The  ova  pass  out  of  the 


AA  body  of  the  host  with  the  mucous  secretion 


discharged  from  the  nose,  or  in  some  cases 
they  may  possibl}'  pass  through  the  alimentary 
canal ; at  any  rate  they  reach  the  ground  with 


‘"■f  its  vegetation.  Here  they  somehow  get  into 


the  body  of  the  second  host,  a fish,  a bii'd,  a 
mammal  such  as  a mouse,  in  fact  some 
animal  likely  to  be  eaten  by  the  carnivorous 
host  of  the  adult. 


Only  two  or  three  species  occur  in  man 
who  is  Old)’  sporadically  their  host. 


1.  Lingfuatula  rhinaria  (Pilger). — (Syno- 
nyms : 'Tmiia  rhiimria  Pilger  1 802,  Poli/stovia 
td’imwfes  Kud.  1810,  Linffuatula  taniioides  Lam. 
1810,  Peiitastoma  Umiokles  Bud.  1819.) — The 
adult  lives  in  the  nasal  cavities  of  dogs,  wolves, 
horse.s,  and  rarely  man.  A case  is  recoixlecl 
by  Laudon  of  a soldier  in  the  Franco-Prussian 
war  who  suflered  for  seven  years  from  the 


The  larva  of  L.  rhinaria,  which  often  goes 
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2.  Poroeephalus  eonstrietus  (v.  Sieb.)  (a  larval  form). — (Synonyms: 

> Keimitoideum  lioininig  Diesing  1851,  Pcnhutomiun  constrictiim  v.  Siebnld 
y 1852,  Porocephitlns  constrktug  Stiles  1903.) — The  parentage  of  this  larva  is 
II  doubtful.  Shipley  considered  it  to  be  F.  annillatm  Wyman,  which  lives 
I in  the  lungs  of  African  pythons  {J\i/thun  schai,  and  F.  molurug)  and  also 
I in  the  lion.  Neumann  regards  it  as  the  larva  of  F.  iiionilifoiiitis  Diesing, 
I which  also  lives  in  African  pythons,  whilst  Looss  thinks  that  these  two 
■ species  are  identical. 

The  larva  has  twenty  large  and  distinct  rings,  and  jnst  behind  the 

> head  a region  of  minnte  and  nndeterniined  annnli.  It  is  found  cnrled  np 
1 and  encysted  in  the  mesentery  and  connective  tissue  of  the  girahe 
■'  Froteleg  crisfatus,  Cynocephalus  marmm,  Cercopithecits  ulbo<jnluris,  and  of 
I Homo  sapieng  in  Africa.  Occasionally  it  wanders  freely  in  the  alimentaiy 
t.  canal  and  in  the  body-cavity.  Aitken,  whose  work  refers  to  the  soldiers 
l>  of  the  African  British  colonies,  met  it  also  in  the  liver  and  Inngs,  and  he 
i states  that  it  causes  death. 

1 1 1 RUDiNKA  ( Leeches) 

The  leeches  are  a group  of  segmented  worms  descended,  in  all  prob- 
( ability,  from  the  Ohadopoda  or  true  worms.  They  are  divided  into  two 
I gi'oups  : (i.)  the  Gnathobdellida3  which  are  armed  with  three  biting  jaws  ; 
J (ii.)  the  Uhynchobdellidje  which  are  provided  with  a protinsible  pro- 

( boscis.  In  the  growji-up  condition  they  suck  blood,  prefei-ably  from 

I warm-blooded  animals,  and  when  biting  they  secrete,  from  certain  glands 
I in  the  pharynx,  a secretion  which  prevents  the  blood  coagulating,  and 
cotisecpiently  the  blood  often  flows  after  the  leech  has  ceased  biting. 

But  two  of  the  identified  species  are  really  harmful  to  man,  and  they 
both  belong  to  the  G!iathobdellida\ 

(i)  Limnatis  nilotiea  (Sav.).  — (Synonyms ; Bdclla  nilotica  Sav. 

Moep-Tand.,  Hcemopsis  varax  Moq.-Tand.  1826,  Ilamwpgig 
gaiiyiiigiiya  Moq.-Tand.  1846,  Sanguisuga  cegyptiaca  Moq.-Tand.)- — The 
length  is  S-lri  cm.  and  the  anterior  end  is  the  more  pointed.  The  dorsal 
sui'face  is  brownish-green,  with  six  longitudinal  strij)es,  the  ventral  suiiace 
is  dark.  This  leech  lives  in  fresh  water,  and  is  found  from  the  Azores 
and  Canaries  along  the  northern  edge  of  Africa  into  Syria,  Armenia,  and 
Tnrkestjin.  It  caused  great  trouble  to  the  members  of  the  French  Army 
when  Napoleon  invaded  Egypt.  It  passes  into  man  and  into  domestic 
animals  wdth  the  drinking-water.  It  remains  in  the  stomach  for  a time, 
and  then  begins  to  ■wander.  It  crawls  into  the  msophagus,  the  thi-oat,  the 
nasal  cavities,  and  sometimes  into  the  trachea.  It  has  also  been  found  in 
the  vagina  and  in  the  conjunctiva,  but  it  seems  unable  to  bite  through 
the  outer  skin.  It  causes  various  symptoms  according  to  the  position  it 
takes  up.  Headaches,  epistaxis,  difficulties  in  respiration,  the  expidsion 
of  mucTis  mixed  with  blood,  a tendency  to  vomit,  and  if  of  long  duration 
a certain  degree  of  emaciation.  The  leeches  can  be  expelled  by  spraying 
with  salt  solution. 

Hsemadipsa  ceyloniea  Moq.-Tand.  is  perhaps  the  best  represent- 
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Htive  of  a genus  of  land  leeches  which  causes  great  trouble  to  travellers. 
II.  cetjlonica  extends  from  India  and  Ceylon  through  Burma,  Cochin 
China,  Formosa  to  Japan,  the  Philippines  and  Sunda  islands.  Othci- 

.species  occur  in  South  America,  New  Guinea,  and  Australia.  These 

leeches  live  on  damp  earth,  but  they  ascend  plants  and  shrubs  to  obtain 
a better  outlook  for  the  arrival  of  a victim.  Landon,  in  his  Lham 
(London,  1905),  writing  at  Sikkim,  states:  “The  game  here  is  very 
scanty  : the  reason  is  not  uninteresting.  For  dormant  or  active,  visible 
(jr  invisible,  the  curse  of  Sikkim  waits  for  its  warm-blooded  visitor.  The 
leeches  of  these  lovely  valleys  have  been  described  again  and  again  by 
travellers.  Unfortunately  the  description,  however  true  in  every  parti- 
cidar,  has,  as  a rule,  but  wrecked  the  reputation  of  the  chi'onicler. 
Knglishmen  cannot  understand  these  pests  of  the  mountain  side,  which 
a|)pear  in  IMarch  and  exist,  like  black  threads  fringing  every  leaf,  till 
September  kills  them  in  myriad  millions  ...  to  remove  them  a bowl  of 
warm  milk  at  the  cow’s  nose,  a little  slip-knot,  and  a quick  hand  are  all 
that  is  required.  Fourteen  or  fifteen  successively  have  been  thus  taken 
from  the  nostrils  of  one  unfortunate  heifer.”  Travellers  relate  that  in 
stepping  into  the  forest  they  can  hear  the  leaves  rustling  with  the  move- 
ments of  these  eager  creatures,  craning  out  towards  their  prey.  They 
can  insinuate  their  bodies  through  the  minutest  chinks ; tightly-fitting 
clothes  and  leather  gaiters  prove  inadequate  protection.  Their  bite 
is  quite  painless.  AVhen  they  are  fully  fed,  a process  Avhich  takes 
some  time,  they  drop  oft’,  and  they  can  be  made  to  loose  their  hold 
by  the  application  of  a solution  of  .salt  or  weak  acid.  Attempts  to  j)ull 
them  off  should  be  avoided,  as  parts  of  the  biting  apparatus  are  then 
frequently  left  in  the  wound  and  cause  inflammation.  As  a rule  the 
bites,  which  are  so  painless  that  the  presence  of  the  leech  is  often  only 
observed  by  noticing  a trickling  of  the  blood,  heal  well,  but  at  times  they 
l)ecome  infected  with  bacteria  and  cause  much  trouble.  AVhen  a larse 
number  attack  a man  great  weakness  ensues  from  the  loss  of  blood,  and 
people  attacked  in  their  sleep  by  a numerous  host  of  these  leeclies  have 
succumbed  to  their  united  efforts. 

P.vriiicK  Mansox, 

A.  E.  Shtplev. 
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Orl.  Med.  and  Sun/.  Jour.,  1890-91,  xviii.  501. — 615.  iMo'ry.  Bevue  dc  Chir., 
1892,  xii.  1-32  ; Ann.  de  Dermal,  cl  Syphilis,  1893,  iv.  1201-03. — 616.  de  I7.\mAs,  B., 
and  SAUiiAzhs,  ,T.  Compt.  rend.  Soc.  Biol.,  Paris,  1892,  (9)  iv.  455. — 617.  Kkesox,  .1.  O. 
Chieayo  Med.  Bev.,  1899,  xvi.  235-9,  271. — 618.  Nob,  G.  Biccrche  Lab.  d.  Anal, 
norm.  d.  Pi..  Univ.  di  Boma,  1901,  viii.  275. — 619.  Noel,  P.  Naluraliste,  Paris,  1902, 
(2)  x.xiv.  161.  —620.  Nitttall,G.  H.  E.  Johns  Hopkins  Hosp.  Beports,  Baltimore,  1900, 
viii.  62.— 621.  Oi’iE,  E.  L.  Amer.  Jour,  of  the  Med.  Sci.,  1901,  exxii.  251. — 
622.  OsLEU.  Johns  Hopkins  Hosp.  Bull.,  Baltimore,  1889-90,  i.  48. — 623.  Plaskncia. 
Bcv.  d.  Mid.  'Prop.  Habwia,  1903,  iv.  17. — 624.  P(ji.aillon,  H.  2'hisc  de  Paris,  1901, 
cf.  p.  95. — 625.  PiiiMROSE,  A.  Bril.  Med.  Jour.,  1903,  ii.  1262  j-  Ibid.,  1904,  i.  461. — 
626.  PuoUT,  W.  T.  Ibid.,  1902,  ii.  879  ; Jour,  of  Trop.  Med.,  1902,  v.  317. — 627.  Re.m- 
LiN'OEiiand  Mexahe.m  Hodaua-Bey.  Areh.de  Parasit.,  1902,  vi.  574. — 628.  RoiiKiiT. 
Bull,  el  Mem.  Soc.  Chir.  de  Paris,  1891,  xvii.  137. — 629.  S.vmuon,  L.  W.  Lancet, 

1902,  ii.  422. — 630.  DE  Saussuue.  Med.  News,  Philad.  1890,  Ivi.  704. — 631. 
ScHWAUTZ  and  Marie.  Bull,  ct  Mim.  Soc.  Chir.  Paris,  1898,  xxiv.  804. — 632. 
Seliomanx,  C.  G.  Jour,  of  Path,  and  Bad.,  1901,  vii.  308. — 633.  Sercent,  Ed.  and 
Er.  Moustiques  cl  maladies  infcclicicscs,  Paris,  cf.  j).  136. — 634.  da  Silva  Lima,  .1.  F. 
Jour,  of  Trop.  Med.,  1899,  ii.  51  (Transl.  from  Gaz.  med.  da  Bahia,  Dec.  1898). — 
635.  Slaughter,  R.  Jl.  Practice,  Richmond,  1891,  p.  329;  'Trans.  Med.  Soc.  Vinj. 
Richmond,  1891,  p.  239  ; (Extr.)  Med.  News,  Philad.  1891,  lix.  649. — 636.  Sorotta. 
Ally.  med.  Cnlrlzty.,  1901,  Nr.  84,  ]>.  981. — 637.  Solieri,  S.  Arch.  lat.  de  Med. 
y de  Biol.,  Madricl,  1903,  i.  83,  130. — 638.  Soxsixo,  P.  Brit.  Med.  Jour.,  1900, 
i.  328. — 639.  Si'EURER.  Arch.  f.  Schiffs-  u.  'Tro/ycn-IIyy.,  1903,  vii.  cf.  j>.  59. — 640. 
Strube,  G.  Dtscli.  med.  IVchschr.,  1897,  p.  523. — 641.  Taxiguciii,N.  Cntrbl.  f. Baktcr. 
u.  Par.,  1903-4,  Abt.  I.  Orig.  xxxv.  492. — 642.  Tiiie.sing,  H.  Beitr.  z.  Anal.  d.  Fil. 
sanyuinis  hominis  (Basel)  ; Inaiig.  Dissert.,  Leipzig,  1892.  — 643.  Thorpe,  Y.  G. 
Brit.  Med.  Jour.,  1896,  ii.  922. — 644.  Tribondeau.  Compt.  Bend.  Soc.  Biol.,  1903, 
]).  996. — 645.  Verdon,  E.  S.  Jour,  of  'Prop.  Med.,  1904,  vii.  197. — 646.  Yincext, 
G.  A.  Brit.  Med.  Jour.,  1902,  i.  189. — 647.  William.s,  C.  A Case  of  Filaria 
sanguinis  hominis  nocturna,  London,  1893. — 648.  AVynn,  F.  B.  Ind.  Med.  Jour., 
Indianapolis,  1895-6,  xiv.  409. — 649.  Young,  C.  IV.  Brit.  Med.  Jour.,  1897,  i.  1037. 
Filaria  Magalhaesi : — 650.  von  Linstow,  0.  Cntrbl.  f.  Baktcr.  tc.  Par.,  1892,  xii. 
88;  Zool.  Anz.,  1900,  xxiii.  76. — 651.  de  lilAGALHAEs,  P.  S.  Bev.  d.  curs,  pract.  c 
theor.  faculd.  de  Med.,  Rio  de  Janeiro,  1887,  iii.  126  ; Cntrbl.  f.  Baktcr.  u.  Par.,  1892, 
xii.  511.  Filaria  Demarquayi : — 652.  Daniel.s,  0.  IV.  Brit.  Med.  Jour.,  London,  1898, 
i.  1011  ; ii.  878  ; Brit.  Guiana  Med.  Ann.,  Demcrara,  1898,  x.  1 ; Brit.  Med. 
Jour.,  1899,  i.  1459;  Jour,  of 'Prop.  Med.,  1899-1900,  ii.  (unpaged  lly-leaf) ; Ibid.,  1902, 
V.  357.-653.  Galgev,  0.  Brit.  Med.  Jour.,  1899,  i.  145.— 654.  “^Low,  G.  C.  Ibid., 
1902,  i.  196.— 655.  I^I.vnson,  P.  Ibid.,  1897,  ii.  1837. — 656.  Ozzard,  A.  T.  Brit. 
Guiana  Med.  Ann.,  Demcrara,  1897,  ]>.  24. — 657.  Idem.  Jour,  of  Trop.  Med.,  1902, 
V.  259;  Brit.  Guiana  Med.  Ann.,  1902,  ji.  82.  Filaria  Volvulus: — 658.  Labadie- 
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Lag u.w Kami  Dkgka'.  Arch,  de  I’arasit.,  1899,  ii.  451. — 659.  I'luuT,  W.  T.  Jiril.  Med. 
Jour..  1901,  i.  p.  209.  Filaria  Powelli : — 660.  PowKi,!,,  A.  lirit.  .Med.  Jour.,  190-3, 
i.  1145. 

STliON(!YI.OIl)lASIS 

Strongyloides  Stercoralis 661.  A.^^kanazv,  ]\[.  CutrlLj.  Jlahier.  u.  Par.,  1900, 
Abt.  I.  x.Kvii.  569. — 662.  Bavay,  A.  Coiiipt.  rend.  Ac.  ScL,  Paris,  1876,  l.xxxiii.  694; 
Jldd.,  1877,  Ixxxiv.  266. — 663.  Ihi.vi'N,  j\l.  Cntrll.  /'.  Balder,  u.  Par.,  1899,  Abt.  I. 
xxvi.  612. — 664.  Chauvix.  Arch,  laed.nae., 1^1^,  — 665.  Duuxux.  Arch.de 

phi/s.  nunu.  et  juith.,  1877,  (4)  iv.  774. — 666.  Guas.si,  B.  Bend.  B.  1st.  tomb.,  iMilaiio, 
1879,  (2)  xii.  228. — 667.  Gua.ssi,  B.,  ami  Paiioxa,  C.  .Irch.  per  /<■  Sci.  vied.,  Torino, 
1879,  iv.  10. — 668.  Gua.ssi,  B.,  ami  SKiiufc,  K.  Atti  B.  Ac.  Lincei,  1887,  (4)  iii. 
1"  stMii.,  100. — 669.  vox  Kuui.ow,  .11.  Untrld.  f.  Balder,  u.  Par.,  1902,  Abt.  I.  xxxi. 
Grig.  614. — 670.  Lkiohtkx.steux,  0.  Dtsch.  mcd.  U'chschr.,  1898,  ]i.  118;  CntrhI.  f. 
Jlakter.  u.  Par.,  1899,  Abt.  I.  xxv.  226.  — 671.  LErcKAiii-,  K.  Per.  de  math.-jihys.  CL 
d.  k.  sHchs.  Ges.  d.  Il'iss.,  1882,  xxxiv.  85. — 672.  Nuumaxo,  A.  Compt.  rend.  Ac.  Sci., 
Paris,  1876,  ixxxiii.  316  ; Arch.  Med.  nav.,  1877,  xxvii.  35  ; Ibid.,  1878,  xxx.  214. — 
673.  Paupenueim.  Cntrbl.f.  Bakter.  u.  Par.,  1899,  xxvi.  608. — 674.  Peuuoxcito, 
E.  Jour,  de  VAuut.  et  de  la  Physiol.,  1881,  xvii.  499. — 675.  Koveli.i,  G.  Bic.  s. 
or;/,  tjcnil.  d.  Stroncpjloides,  Como,  1888. — 676.  Seikeut.  S-.B.  d.  phys.-vied.  Ges., 
Wiirzbiirg,  1883,  p.  93.-677.  Soxsixo,  P.  Suppl.  d.  Biv.  yen.  But.  di  Clin.  Mcd., 
1891,  vii. — 678.  Zixx,  W.  • Cntrbl.  j\  Bakter.  u.  Par.,  1899,  xxvi.  696. — 679. 
Bauuagaulo,  P.  Gazz.  detjli  Osp.,  Milano,  1897,  Feb.  7.— 680.  Boycoit,  A.  E., 
and  Haldaxe,  .T.  S.  Jour.  Hyyienc,  Cambridge,  1904,  iv.  pj).  73-111.— 681.  vax 
Deume,  P.  Bep.  Thompson- Yates  Laboratories,  Liverjiool,  1902,  iv.  pt.  ii.  pp. 
471-4. — 682.  vox  Kriii.ow,  Jl.  Centrbl.f.  Bakter.  u.  Par..  1902,  xxxi.  I.  Abt.  Grig. 
|)1>.  614-28. — 683.  Lamuixet,  J.  Bull.  Ac.  r.  viM.  Belgique,  1903,  (4)  xvii.  534. — 684. 
Maxsox,  P.  Jour.  'Prop.  Mcd.,  1900,  iii.  124. — 685.  Stiles,  C.  W.,  and  Hass.all,  A. 
Amer.  Med.,  1902,  iv.  343. — 686.  Stuoxg,  R.  P.  Johns  Hopkins  IIosp.  Reports,  Balti- 
more, 1901,  X.  91-132;  Jour.  Prop.  Med.,  1902,  v.  10.-687.  Tei.ssieii,  P.  Arch, 
med.  exper.  et  d’anat.  path.,  Paris,  1896,  (1)  viii.  586. — 688.  Thayeu,  'W.  S.  Jour,  of 
B.iqicrim.  Med.,  1901,  vi.  pp.  75-105. — Gnathostoma  Siamense  : — 689.  Levjnsex,  G. 
iM.  K.  Vidensk.  mcddel.  fra  naturh.  Foren.  i Kjobenhavn,  1889,  p.  323  ; Abstract 
in  Cntrbl.f.  Bakter.  u.  Par.,  1890,  viii.  182. 


Acaxthocephala 

690.  Gu.vssi,  B.,  and  CAL.vXDurccTo,  S.  Cntrbl.f.  Bakter.  u.  Par.,  1888,  iii.  521. — 
691.  Hau.manx,  G.  Die  Xcmathelminthes,  I.  Monograph,  d.  Acanthocephala,  Jena, 
1891. — 692.  Kaiseu,  J.  E.  Bibl.  Zool.,  Cassel  1893,  Ht't.  vii.;  Zool.  Anz.,  1887,  x.  414. 
— 693.  La.miu,,  \V.  Vierteljahrsschr.  f.  prakt.  Hlkde.,  Prag,  1859,  Ixi.  45. — 694. 
Leuckaut,  K.  Covmentatio  de  statu  cinbryonali  et  larv.  Echinorhynchus,  Leipzig,  1873. 
-695.  ScHXEiDEU,  A.  S.-B.  d.  Obcrh.  Ges.  f.  Nedur.  n.  Hlkde.,  1871,  ]».  1.-696. 
Shipley,  A.  E.  Acanthocephala,  Cambridge.  Xatural  History,  London,  1896,  ii.  184. 
— 697.  Spiles,  C.  IV.  Comqit.  rend.  Soc.  Biol.,  Paris,  1891,  (9)  iii.  764. 


PeXTA.STOMI1)A 

Linguatula  Rhinaria; — 698.  Coax.  Bull.  Sue.  Med.  Fdt.,  1861,  (2)  v.  125; 
Ibid.,  1863,  vii.  22  ; Ibid.,  1864,  viii.  108.— 699.  Kulagix,  N.  Cntrbl.  f.  Bakter.  u. 
Par.,  1898,  Abt.  I.  xxiv.  489,  525.— 700.  LAraox.  Berl.  klin.  tYchnschr.,  19,78,  xv. 
730. — 701.  Leuckaut,  R.  Bau  u.  Entwicklungsgesch.d.  Peufastomen,  Leipzig,  1860. — 
702.  Lohumaxx,  E.  Arch.  f.  Xaturg.,  1889,  Jahrg.  Iv.  Bd.  I.  303. — 703.  V.  R.vrz,  S. 
Cntrbl.  f.  Bakter.  u.  Par.,  1892,  xii.  329.— 704.  SchuilIut,  T.  D.  Ztschr.  viss.  Zool., 
1852.  iv.  116. — 705.  Shipley,  A.  E.  Arch.  d.  Paras.,  1898,  i.  52. — 706.  Stiles,  C.  IV. 
Ztschr.  u-iss.  Zool.,  1891,  Hi.  85.-707.  A'ihchow,  R.  ylrch.  f.  path.  Anat.,  1857, 
xi.  81.-708.  Welch,  F.  Fi.  Laveet,  1872,  ii.  703.— 709.  Zenkeu,  F.  A.  Ztschr.  f. 
rat.  Med.,  Heidelb.,  1854,  (2)  v.  212  ; Arch.  f.  phys.  Hlkde.,  1856,  xv.  581  ; Arch.  f. 
Hlkde.,  1862,  iii.  478. — Porocephalus  Constrictus  : — 710.  Aitken,  W.  Science  and 
Practice  of  Medicine,  4th  ed.,  London,  1865. — 711.  Bilhauz,  T.,  and  vox  Siehold. 
Zeitschr.  iciss.  Zool.,  1852,  iv.  65;  Z.  d.  Ges.  d.AerzL,  Vienna,  1858,  N.S.  i.  447.-712. 
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CiiALMKU.s,  A.  .1.  Lancet,  1899.  i.  1715,  1729  ; Abstract  in  Cnlrbl.  f.  Bakler.  u.  Par., 
1899,  Abt.  I.  x.xvi.  518. — 713.  Gi.vud,  A.  Coined,  rend.  Sue.  Biol,  de  Paris,  1896,  (10) 
iii.  469;  Cntdd.  f.  Batter,  u.  Par.,  1898,  Abt.  I.  xxiii.  1098.— 714.  Neumann,  (1. 
Arch.  Parasit.,  1899,  ii.  356. — 715.  Puuneh-Bey,  F.  Krankheiten  des  Orients, 
Frlaiigcn,  1847,  i>.  249. — 716.  Shipley,  A.  E.  Arch.  Parasit.,  1898,  i.  52. 


IIinUDlNIA 

717.  Ap.iriiY.  Mittli.d.  zoo/.  Station  za  Nexqie/,  1888,  viii.  153;  Zool.  Ja/erb.,  Abth. 
,S5/sb,  1888,  iii.  725. — 718.  Blanciiaph),  K.  Art.  “WinvlmctiS,'' Diet,  encycl.  el.  Sci. 
Hied.,  Paris,  1888,  xiv.  129  ; Convpt.  rend.  Soc.  Bio/.,  Paris,  1891,  (9)  iii.  693  ; Bu/l.  Soc. 
zoo/.  France,  1899,  xxiv.  181 — 719.  Ehuap.d.  Monotjr.  des  sangs.  midic.,  Paris,  1857. 
— 720.  JIoquin-Tandon,  A.  Monogr.  de  /a  Fam.  des  Hiriulinees,  2nd  ed.,  Paris,  1846. 
— 721.  "Whitman,  C.  0.  Proc.  Anier.  Ac.  of  Arts  and  Sci. , 1884,  xx.  76  ; Aincr.  Natar., 
1884,  xviii.  1104  ; Q.  Journ.  viicr.  Sci.,  1886,  (2)  xxvi.  317. 

A.  E.  8. 

The  Effect.s  uf  Metazoan  Pakasite.s  on  their  Ho.sts 

722.  ANDRfe,  G.  Conlrib.  ii  I'itudc  dc  /a  contrc-Jluxiun  dans  /a  p/itisie  pu/- 
monaire.  Dc  V utilile  da  Tenia  dans  cettc  ina/adic,  Paris,  1878. — 723.  A.skan.vzy. 
Ztschr.  f.  /din.  Med.,  1895,  xxvii.  492. — 724.  Bastian,  H.  C.  Phil.  'Trans.,  1886, 
]).  583,  Note. — 725.  Blanch.ard,  11.  TraiU  Zoologie  Midieale,  Paris,  1885-1890  ; Arch. 
Parasit.,  1905,  x.  84. — 726.  Boycott.  Journ.  Path,  ami  Bacteriol.,  1905,  x.  383. — 
727.  Cal.vmida.  Cntrlbl.  f.  Batter,  u.  Par.,  1901,  Abt.  1.  xxx.  374. — 728.  Gao. 
Jliforrna  Mcdica,  1901,  iv.  795  ; Abstract  in  Arc/i.  Hal.  de  Biol.,  1902,  xxxviii. 
491. — 729.  Cattaneo.  Assoc.  Mcdico-chirargia  dc  Parma,  Mars  1903  ; Abstract  in 
Arch.  Hal.  dc  Biol.,  1904,  xlii.  496. — 730.  Dastre  and  St.vssano.  Compt.  rend.  Soc. 
Biol.,  1903,  Iv.  130,  254  ; Arch.  Inter.  Physiol.,  1904,  i.  86. — 731.  D.vv.aine.  'Traill 
des  Entozoaircs,  etc.,  Paris,  2nd  ed.,  1877. — 732.  Dehove.  Compt.  rend.  acad.  d.  Sci., 
Paris,  1887,  cv.  1285.— 733.  Grancher.  Ball,  midicalc,  1897. — 734.  Guiart,  .1. 
Ball,  des  Sci.  Pharmacologiqucs,  No.  11,  Nov.  1904.- — 735.  Kamili,.  Journ.  of 
Physiology,  London,  1906,  xxxiii.  479. — 736.  Ja.mmes.  Assoc.  Franc,  p.  /' Avancement 
d.  Sciences,  1902,  xxxi.  241.- — 737.  Ja.mmes  and  Mandoul.  Bull.  Soc.  Sci.,  Toulouse, 
1894  ; Compt.  rend.  Acad..  Sci.,  1904,  cxxxviii.  1734.— 738.  Jordens.  Entomologie  u. 
Ifelminthologie  des  menschlichen  Ebrpeis,  Ilof.,  1801. — 739.  Leuckart.  2'he  Parasites 
of  Man,  Edinburgh,  1886,  p.  125. — 740.  Looss.  Records  of  the  Egyptian  Government 
School  of  Medicine,  1905,  iii. — 741.  Metchnikoff.  Bull.  Acad,  de  Mid.,  Paris,  1901, 
(3)  xlv.  301  ; Beitr.  f.  innerc  Med.  zum  70.  Geburtstage  von  E.  ivn  Leyden,  1902,  i. 
425;  and  J.  Girard,  Ann.  de  I' Inst.  Pasteur,  1901,  xv.  440. — 742.  Muurson 
and  SciiL.uiDENHAUFFEN.  Bull,  el  Mem.  Soc.  med.  Hop.,  Paris,  1888,  v.  (3),  113.— 
743.  Nur.mani).  Mem.  sur  la  diarrhoia  dilc  de  Cochin  China,  Paris,  1877. — 744. 
Nijttall.  American  Naturalist,  1899,  xxxiii.  247. — 745.  Oliver.  Lancet,  1905,  i. 
859.-746.  Picou  and  Ramond.  Compt.  rend.  Soc.  Biol.,  1899,  li.  176. — 747. 
ScHAU.MAN,  0.  Zur  Kenntniss  dcr  sogenannten  Bothrioccp/mlus-Anamic,  Berlin,  1894. 
—748.  ScHAUMAN,  0.,  and  Tallqvlst.  Dtschc  med.  IFoch.,  1898,  xxiv.  312.— 749. 
Vaulleueaki).  Bull.  Soc.  Nord.,  France,  1901,  (5)  iv.  84. — 750.  "Weinland.  Ztschr. 
Biol.,  1903,  xliv.  1. 

Eosinophilia 

751.  Achard  and  Clerc.  Quoted  by  Bezainjon  and  Labbe,  Archiv.  gin.  dc  mid., 
1902,  N.S.  vii.  749. — 752.  Ach.ari)  and  Laurry.  Quoted  by  Bezainjon  and  Labbe, 
Ilnd.  753.  Ach.vri)  and  Loeper.  Ball,  dc  la  Soc.  'mid.  d.  Hop.,  1900,  xvii.  867  ; 
Ball.  Soc.  med.jl.  H6p.,  1900,  xviii.  867. — 754.  Allyn  and  Behrenu.  Amcr.  Med., 
1901,  ii.  63. — 755.  A.shfort).  N.  Med.  Journ.,  1900,  Ixxi.  552. — 756.  Ashford 
and  King.  Ajner.  Med.,  1903,  vi.  391.-757.  Askanazy.  Ztschr.  f.  t/in.  Med.,  1895, 
xxvii.  492. — 758.  Atkinson.  Phil.  Med.  Journ.,  1899,  iii.  1243. — 759.  B.vlfour. 
Lancet,  1903,  ii.  1649. — 760.  Becker.  Dtsch,.  med.  /Vchnsc/ir.,  1902,  xxviii.  468. — 
761.  Bezancon  and  LahihI;.  Arch.  gin.  dc  med.,  1902,  N.S.  vii.  748. — 762.  Bez.ancon 
and  "Weii,.  Ref.  Arch.  gen.  de  med.,  1902,  N.S.  vii.  749. — 763.  IjLIckhahn.  Med. 
Neics,  1893,  Ixin.  662.-764.  Bloch.  Dtsch.  wed.  JPehnsehr.,  1903,  xxix.  511.-765. 
Blumer  and  Neuman.  Amcr.  Journ.  of  Med.  Sci.,  1900,  cxix.  14. — 766.  Boycotp. 
Lnt.  Med.  Journ.,  1903,  ii.  1267  ; Journ.  of  Hygiene,  1904,  iv.  437. — 767.  Boycott 
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und  H.u.dank.  Joui-n.  of  JIi/<jicne,  1903,  iii.  95. — 708.  Buown,  P.  K.  Jiostun  Med. 
and  Sunj.  Jottni.,  1903,  c.xlviii.  583. — 709.  BiunvN,  T.  R.  Johns  Hopkins  Hasp.  Hull. , 
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HYDATID  DISEASE 

By  E.  C.  Stiklixg,  C.M.G.,  M.D.,  F.K.C.S.,  F.K.S.,  and  .J.  C.  Vekco,  M.D.,  F.R.C.S. 

Historical. — The  history  of  the  growth  of  our  knowledge  concerning 
hydatids,  as  understood  in  this  article,  is  intimately  associated  with  that 
of  bladder-worms  in  general ; especially  in  all  that  relates  to  their 
Ihological  aspects. 

Tliere  is  little  doubt  that  as  a pathological  phenomenon  hydatids 
were  recognised  by  Hippocrates.  He  writes  : “When  the  liver  is  filled  with 
water  and  bursts  into  the  epiploon,  in  this  case  the  belly  is  filled  with 
water  and  the  patient  dies”  ^0).  Aretaiu.s,’^  who  flourished  about  the 
middle  of  the  second  century  of  the  Christian  era,  still  more  specifically 
indicates  the  disease  as  a form  of  dropsy  due  to  “ small  and  numerous 
bladders  full  of  fluid,”  and  he  goes  on  to  speak  of  the  Idocking  of  the 
canmxla  by  the  bladders  in  paracentesis.  They  are  again  mentioned  by 
Galen  in  his  comments  on  the  above-quoted  aphorism  of  Hippocrates, 
which,  in  his  opinion,  refers  to  hydatids. 

Evident  allusions  to  hydatids  and  other  bladder-worms  occur  in  the 
works  of  the  medical  writers  of  the  sixteenth  and  seventeenth  centuries 
without,  however,  any  recognition  of  their  animal  nature.  The  term, 
moreover,  is  frequently  applied  to  encysted  accumulations  of  watery  fluid 
of  many  kinds.  It  was  not  until  1G84  that  the  animal  nature  of  bladder- 
worms  appears  to  have  suggested  itself  to  Kedi  ; and  in  1GS5  and  1691 
respectively  Hartmann  and  Tyson  reached  similar  conclusions  apparently 
independently  of  one  another. 

Pallas  studied  the  subject  of  bladder-worms  between  1760  and  1767, 
and  clearly  recognised  a relationship  with  taenia.  According  to  him 
all  bladder-worms  Avere  foinis  of  tapeworms,  to  which  he  gave  the  name 
Tinnia  hi/datigena.  He  also  recognised  that  the  livers  of  sheep  and  cattle 
contained  bladders  having  charactei's  different  from  those  of  other 
vesicular  woi'ms  ; and  he  drew  important  distinctions  between  adherent 

' The  passage  (1)  ileserves  to  lie  quoted  in  full,  as  the  reference  to  abdominal  hydatids  and 
to  contingencies  that  may  arise  is  so  jirecise.  “This  other  form  of  dropsy  is  known  : small 
and  numerons  bladders  are  contained  in  the  place  where  ascites  is  found  ; but  they  ahso  float 
in  a copious  fluid,  of  which  tliis  is  a jiroof ; for  if  yon  perforate  the  abdomen  so  as  to 
evacuate  the  fluid,  after  a small  discharge  of  the  tluiii  a bladder  within  will  block  up  the 
passage,  but  if  you  imsh  the  instrument  further  in,  the  disch.arge  will  be  renewed.  This,  < 
then,  is  not  a mild  character,  for  there  is  no  reaily  passage  by  which  the  bladders  might 
escape.  It  is  said,  however,  that  in  certain  cases  such  bladders  have  come  out  by  tlie  i 
bowels."  ‘ I 
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serous  cysts  und  iioii-adlierent  liydiitids,  remarking  that  ‘‘it  is  probalde 
that  the  latter  sometimes  observed  in  tlie  human  body  are  either  a species 
of  vesicular  ta?nia  or  of  those  Ih/ddfidcs  diir/nlares  that  1 ha\  e observed 
ami  described  in  the  liver  and  lungs  of  sheep,  vhich  ought  certainly  to 
be  ascribed  to  a li\ine;  creature.”  He  observed,  vithont  I'ecognisinc; 
thi'ir  nature,  the  echinococcus  heads  in  the  Uijdalidiv  siiK/nlairs  ; and, 
moreover,  was  the  first  to  suggest  the  e.xperimental  administi-ation  of 
eggs  of  tamia  to  animals.  His  observations  were  confirmed  by  Hoeze  in 
17Si!,  who  furthei-  indicated  the  existence  of  the  general  membrane  lining 
the  vesicles,  and  considered  the  echinococcus  heads  to  be  taniiat 

.More  or  less  cleai’lv  expressed  references  to  hy<latids  in  the  human 
subject  occur  towards  the  close  of  the  eighteenth  and  beginning  of  the 
nineteenth  centuries;  and  in  1821  such  a case  is  specifically  described  by 
Breniser,  and  in  the  following  year  by  Kendtorff. 

Laennec,  meanwhile,  having  failed  to  find  in  the  hydatids  of  man  the 
echinococcus  heads  with  which  he  was  familiar  in  the  hydatids  of 
domestic  animals,  nevertheless  recognised  theii-  animal  nature,  and 
founded  for  them  a .separate  genus  which  he  called  Acephalocystis. 

So  far  the  exact  relationship  of  the  bladder  forms  to  the  t;enia  head 
had  not  beiui  made  apparent  ; but  a great  impetus  to  our  knowledge  was 
given  in  1842  by  the  application  of  Steenstrup’s  theory  of  the  alterna- 
tion of  generations  to  the  cystic  worms.  Tn  the  light  of  this  discovery 
Hujardin,  von  iSiebold,  and  van  Beneden  investigated  the  subject  without, 
however,  fully  appreciating  the  true  characters  and  relationships  of  the 
bladder  forms. 

Our  systematic  knowledge  of  this  subject  may  be  said  to  date  from 
the  feeding  experiments  of  Kiichenmeister  in  1851.  By  this  means  it 
was  clearly  demonstrated  that  certain  bladdei-worms  are  the  larval  stages 
of  certetin  tapeworms.  In  the  following  year,  by  the  successful  bi'ceding, 
in  the  dog,  of  Ttvniu  (rJdnococrus  from  echinococcus  cysts  of  the  domestic 
animals,  a similar  relationship  was  proved  to  e.xist  between  these  two 
forms  by  von  Siebold  and,  shortl}'  afterwards,  by  Kiichenmeister.  These 
experiments  were  repeated  by  Haubner,  Leuckart,  and  Ncttleship.  With 
human  echinococci  the  experiment  failed  in  the  hands  of  Kiichenmeister 
and  Zenker,  but  a measure  of  success  attended  Naunyn  in  Berlin  and 
Ki'abbe  in  Iceland.  More  recently  similar  successful  experiments  with 
human  echinococcus  cysts  were  carried  out  by  Thomas  in  Adelaide,  South 
.\ustralia. 

The  converse  experiment  of  administering  the  ova  of  'Dniia  echiiio- 
n/rciis  to  animals  was  carried  out  by  Leuckai't  in  conjunction  with 
Haubner  in  the  case  of  the  lamb,  .sheep,  and  goat,  without  definite  results, 
though  it  is  probable  that  even  in  these  ex])erimcnts  migration  of  the 
embryos  into  the  viscera  did  take  place ; in  the  case  of  the  pig, 
however,  the  experiments  were  eminently  successful,  and  served  as  the 
basis  of  much  of  our  knoAvledge  concerning  these  parasites.  K.  Leuckai’t 
has  exhaustively  treated  the  whole  subject  of  human  jiarasites  in  his 
work  Die  Paradteu  des  Menschen,  partially  (1880)  ti-anslated  into 
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English  by  Hoyle-  a work  which  is  essential  to  every  student  of 
holininthology. 

Largely  through  the  labours  of  the  investigators  whose  names  have 
been  specially  mentioned,  as  well  as  through  those  of  Livois,  Huxley, 
Wagener,  Virchow,  Kasmussen,  Davaine,  Cobbold,  Busk  and  others,  the 
views  have  been  established  which  Avill  guide  us  in  describing  the  anatomy, 
svstematic  position,  development,  and  life-history  of  these  parasites. 

Of  the  radical  treatment  of  hydatids,  to  be  advocated  in  this  article, 
the  credit  belongs  to  Lindemann,  who  appears  to  have  first  operated  in 
this  way  in  1871  ; though  no  account  of  the  operation  seems  to  have 
been  published  for  some  years  subse(]uently.  This  i)rocedure  has  foi- 
some  years  been  persistently  advocated  by  various  Australian  surgeons, 
and  amoiiirst  its  earliest  advocates  must  be  mentioned  the  names  of  the  late 
Drs.  Gardner  and  Thomas ; it  is  now  generally  adopted  throughoijt  the 
hospitals  of  Australasia.^ 

Biology. — Many  of  the  internal  parasites  which  take  up  their  abode 
in  the  body  of  man  are  due  to  imoluntary  importations  of  organi.sms 
from  the  domestic  animals.  Amongst  these  the  dog  is  the  immediate 
source  of  those  generally  known  as  hydatids.  This  terra,  sanctioned  by 
long  usage,  is  applied  to  the  larval  or  bladder  stage  of  'Tivnia  fxhinoi'ocrns, 
one  of  several  parasites  which  are  found  within  the  alimentary  canal 
of  the  dilierent  vai'icties  of  the  domestic  dog  and  of  one  or  two  allied 
species. 

There  are  other  parasites  Avhich  exhibit  a bladder  phase  of  existence, 
such  as  cysticercus  and  ccenurus ; but  general  custom,  in  English- 
speaking  countries  at  any  rate,  is  inclined  to  restrict  the  term  hydatid  to 
the  vesicular  organism  derived  from  the  ovum  of  Tcenia  echinococcus,  and 
it  would  be  well  that  it  should  be  exclusively  so  restricted.  The  name 
Echinococcus  («yu'os,  a hedgehog;  kokk-o?,  a berry — introduced  by 
Budolphi  in  1801),  or  Echinococcus  disease,  which  is  frequently  used, 
especially  by  foreign  writers,  has  undoubtedly  the  advantage  of  indicating 
the  zoological  relationship  with  the  mature  organism  ; but  it  is  not  ahvays 
easy,  and  we  thitdv  in  this  case  not  desirable,  to  dislodge  a name  that  is 
not  only  well  establishefl  and  well  understood,  but  also  expressive  of  a chief 
physical  characteristic.  IMoreover,  the  name  Echinococcus  is  not  always 
used  in  the  same  signification,  being  by  some  applied  to  the  characteristic 
bladder  itself  inclusive  of  its  contents,  and  by  others  I'estricted  to  those 
structures  that  will  afterwards  be  described  as  scolices  or  echinococcus 
heads. 

Description  of  the  Adult  Tajmronn,  Tivnia  echinococcus  v.Siehold  (Figs.  214- 
217). — Definition. — A tapeworm  of  comparatively  small  size  with  u.sually 
four  joints  ; but  occasionally  with  three  or  five,  of  which  the  last,  when 

' See  ])apers  ami  ilisciis.sions  on  “Hydatid  Disease,”  Transactions  of  Intercolonial  (iitnv 
tlie  .\nstralasian)  Medical  (Jani/rcss  if  Australasia,  2nd  and  3rd  session.s.  For  a u.sel'id 
liitliogi-apliy  of  all  that  relates  to  the  biology  of  the  Cestode  worms,  see  G.  Rolleston’s  Firrms 
of  Animal  Life,  2nd  eilitioii,  1888,  eilited  by  Jackson.  The  manual  of  Cobbold  and  the 
monograph  of  Nei.sser  also  contain  many  bibliograjdiical  references  to  hydatid  disea.su. 
Historical  references  are  to  be  found  in  the  treatises  of  Kuchenmeister  and  Davaine. 
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mature,  exceeds  all  the  rest  of  the  l)ody  iu  size.  The  total  length  is  hut  a 
few  millimetres,  at  most  five.  The  small  hooks  have  stout  root-proce.sses, 
and  are  seated  on  a somewhat  swollen  rostelliim.  Their  number  usually 
amouuts  to  some  thirty  or  forty  (Leuckart). 

To  this  detiuition  we  may  add  that  the  hooks,  forming  two  series  of 
fi’om  fourteen  to  twenty-five  each,  of  which  those  of  the  inner  row  are 


Fio.  '214.  — Tienia 
nocfxxvs  shewing  usual 
ilisiwsition  of  ova  in 
the  terminal  segment. 
From  nature  (x  15). 
The  small  figure  to  the 
left  represents  the  life 
size  of  the  Tsenia. 


Fio.  21.5.  — Tfunia  cchi- 
nncnccus  in  which  the 
ova  are  aggregated  in 
the  globular  mass  at 
the  pro-ximal  end  of 
the  terminal  segment. 
From  nature  ( x 20). 


Fio.  21i'i.  — Ter- 
minal segment 
of  'J'amia  echi- 
iincocuus  with 
ova  aggregated 
at  ili.stal  end. 
From  nature 
(X  20). 


( 


\ 


Flo.  217. — Head  of  Tc'via  crlii- 
/mcoceiis  shewing  eiielets  of 
ImoUs  and  two  of  the  siiehers. 
From  nature  (x  ]7.^). 


the  larger,  are  inserted  into  the  base  of  the  rostcllum  or  jtrobosci.s- 
like  anterior  termination  of  the  cephalic  extremity,  which  in  this  species 
is  somewhat  pointed  and  prominent.  By  the  musculature  of  this  region 
the  hooks  are  moved.  They  are  further  characterised  by  the  relatively 
liirge  size  of  their  roots,  but  they  vary  in  this  respect  according  to  the 
age  of  the  worm  (Fig.  :318).  They  are  often  found  deficient  in  number. 
Behind  the  circlets  of  hooks  are  four  suckers  radially  disposed,  and  posterior 
to  these  the  head  elongates  and  narrows  to  form  a neck.  The  next 
succeeding  segment,  or  first  proglotti.s,  is  imperfectly  defined  ; it  is  short, 
and  broader  than  the  neck.  The  third  segment,  or  second  proglottis,  is 
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lunger  uiul  broader  than  the  preceding,  and  in  it  the  reproductive  oigan.s 
can  ah-eady  l)c  distinguished.  Tlie  fourth  or  terminal  .segment  shews  a 


Kin.  -IS. — Hooks  of  Ei'liinococous  (x  liOO).  Kiiiiii 
i.oiickart.  A,  ErJiiimr.iKCiix  ivirri liOiiiiii-;  15,  T. 
rcli i n(icoem<i,  tliiid  week;  0,  T.  ediinvcoivus,  adult: 
II,  till!  outlines  of  tlie  three  forms  drawn  one 
within  the  other,  to  .shew  their  (tradnal  chanees. 


Flo.  •Jl'.i. — Keprodnctive  orfrans  of  T.  re/iijioeorci/silnrin;: 
fertilisation  (x  80).  From  l.enekart.  I t,  testes; 
c.ji,  cirrus  pouch  ; o,  penis  ; vv,  ovary ; ml, 
oviduct ; >’..s,  reciiptaculum  seininis ; 1/.17,  yolk 

elands  ; vl,  tube  juobably  leadiii};  to  uterus ; f.c, 
fcrtili.sins  canal ; c,  vagina. 


great  increase  in  size,  and  eoiittiins,  besides  the  completely  developed 
reproductive  organs  (Fig.  219),  eggs  to  a number  estimated  at  500  (Johne 
iind  Kiichenmeister).  Ifsually  the  eggs  tire  distributed  throughout  the 
segment,  but  sometimes  they  are  seen  aggregated  in  ;i  spherical  imiss 

either  at  the  proximal  or  distal  end  (Figs.  214-21G). 
The  ova  are  covered  with  a resisting  chitinous 
capsule  and  contain  the  already  developed  embryos 
or  proscolices  (oncospheres),  which  are  armed  with 
six  spines^  (Fig.  222). 

These  worms  are  found,  often  in  immense 
numbers,  in  the  upper  half  of  the  small  intestine 
of  the  dog  (Fig.  220),  where  they  lie  buried 
amongst  the  villi  with  their  terminal  segments 
only  exposed,  and  so  closely  resembling  the  villi 
that  they  are  apt  to  escape  notice.  Under  a])pro- 
priate  conditions  they  may  be  observed  to  exhibit 
active  movements,  in  which  the  body  may  broaden 
or  become  extremely  attenuated  with  corresponding 
shortening  or  lengthening.  Their  duration  of  life  cannot  be  stated  with 
precision. 

' It  will  be  well  to  ili.stiuguisli  tliese  euibvyonic  .structures  by  this  iiuuie,  leiiving  the 
terms  hooks  and  hooklets  to  be  apiilied  to  the  succeeding,  ]iernianeiit  armature  of  the 
scolex  and  mature  Ta;uia. 


I'lo.  'J'iO. — Portion  of  duo- 
denum of  dog  shewing 
numerous  T.  et-himtctKci 
attached  to  its  mucous 
membrane.  From  nature 
(X  i). 
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\\  hciii  the  ripe  terniinjil  proglottides  break  off  they  are  extruded  with 
the  fa'ces.  Their  soft  tissues  soou  decay,  and  the  lil)erated  ova,  enclosed 
and  protected  Ity  their  resistant  chitinous  envelopes,  become  scattered 
upon  the  soil  or  herbage,  or  get  Avashed  into  collections  of  surface  Avaters. 
Under  these  conditions  the  embryos,  or  possibly,  in  certain  circum- 
stances, the  entire  proglottides,  may  fiml  their  Avay  into  the  alimentary 
canal  of  those  domestic  animals  Avhich  are 
cajtable  of  serving  as  hosts  foi'  the  sub- 
sequent phases  of  development,  or  it  may 
be  into  that  of  man  himself.  If  so  in- 
gt'sted,  the  ju’otecting  chitinous  eiiA’clope  is 
softened  and  ruptured  by  the  combined 
Avarmth  and  solvent  action  of  the  digestive 
fluids  ; and  the  embryo  (Fig.  ilill),  thus 
.set  free,  begins  an  active  life,  boring,  or 
i-ather  pushing  its  Avay,  by  means  of  the 
movements  of  the  hooks  (Fig.  222),  through 
the  ga.stric  or  intestinal  Avails.^  No  one, 
we  believe,  has  actually  found  the  embryos 
of  Tevuin-  ec/iinofocrus  in  process  of  traA-ersing 
those  organ.s,  but  this  has  been  ob.sei'ved 
in  the  case  of  those  of  T.  noliu,in,  and  they  have  been  found  by  Leuckart 
in  the  portal  vessels ; it  is  also  stated  on  the  authoi  ity  of  Kohde  that 
the  ordinary  form  of  echinococcus  as  Avell  as  the  alveolar  can  develop 
Avithin  the  lymph-vessels.  The  size  of  the  free  embryos  is  about  three 
times  that  of  a human  led  blood-corpuscle  or  about  0‘02  mm. 

The  route  taken  by  these  active  embryos  is  still  laigely  a mattei'  of 
conjecture,  and  the  influences  Avhich  may  determine  their  distribution  Avill 
be  discussed  elseAvhere.  From  the  frequency  with  Avhich  they  ai’c  found 
in  the  liver,  it  is  reasonable  to  suppose  that  the  usual,  or  at  any  rate  a 
frequent,  course  is  into  the  portal  system,  in  Avhich,  as  just  stated,  they 
have  been  found.  Possibly,  hoAvever,  they  may  push  theii’  Avay  among 
the  actual  or  potential  spaces  of  the  connective-ti.ssue  elements  of  the 
bod}';  or,  it  may  be,  as  just  suggested,  that  they  travel  in  the  lymphatic 
spaces  or  vessels.  Nevertheless  the  extreme  rarity  of  hydatids  in  the 
lymphatic  glands  and  closed  lymphatic  vessels  is  remarkable,  and  must  be 
taken  into  account  Avhen  Ave  .seek  to  explain  the  distribution  of  the 
bladders  by  a mere  passive  migration ; so  likeA\  ise  must  the  conspicuous 
preference  of  the  allied  organism  CiDticerciu>  (rlJnla‘<(e ' (the  vesicular 
product  of  T(mia  solium)  for  the  brain  of  man  and  to  a less  degree  for 
his  muscles,  and  of  Cn’iiurus  cnrhralis  (the  bladder  stage  of  Tamo 
irmurus)  for  the  brain  of  the  shec]),  Avhere  it  produces  the  disease  knoAvn 

' 'I’lie  mechiuiisiii  of  tlie.SK  iiioveiiu.'iit,.s  in  the  eiise  of  tin'  siinihir  licxacaiitli  eiiil)i'yo  of 
To  Ilia  dixpur  i.><  described  by  van  Beneden. 

- Ill  l.').o  cases  this  [larasite  was  found  117  times  in  the  brain,  H'i  in  the  ninscles,  9 in  tin- 
heart,  3 ill  the  bing.s,  and  '»  in  the  siibrntaneoiis  ti.ssue  (Oslerl.  For  a detailed  ancoiiiit  of 
Tn  iilti  .•udiniii  and  ('iixticoi-i'nx  odhilosn . see  p.  837. 


I'n\  Jiil.— Ilexacan 
embryo  of  7Vr» 
'■chinococcus,  groat 
inagiiiliod.  ,\ft 
van  Boiioilon. 


Klfi.  n.2-2.  _ 
.single  spine  of 
li  lioxacantb  eni- 

i".  bryo,  greatly 

!y  in  a g n i f i e <1. 

:r  After  van 

Benedeii. 
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us  tlie  “ gid  ” or  “ staggers,”  as  well  as  that  of  the  echinococcus  for  the  ! 
visceia,  l)c  taken  to  indicate  something  veiy  like  a selective  affinity.  Be 
tliis  as  it  may,  whatever  the  route  or  however  imi)ellecl,  the  wandering 
embiyo  e^■entually  comes  to  rest. 

Groicth  of  the  restmfi  Embryo  or  Proscolex — Development  of  the  Echinococcus  \ 

Itliddcr. — ^At  the  earliest  stages  at  which  these  resting  embryos  have  been 
with  certainty  observed — namely,  b}"  Leuckart  in  the  pig  four  weeks  \ 
after  feeding  with  ripe  proglottides — they  form  solid  spherical  bodies 
measuring  0 25  to  0‘35  mm.  in  diameter,  and  bear  a striking  resemblance  j 

to  a mammalian  egg ; that  is  to  say,  a thick,  homogeneous,  transparent  1 

and  elastic  cuticle  . or  capsule  (ectoc\’st,  Huxle}')  encloses  coarsely 
granular  contents,  as  the  zona  pellucida  encloses  the  granixles  of  the 
yolk.  In  the  course  of  sub-sequent  development  the  proscolex  increases 
in  size,  the  external  envelope  becomes  indistinctly  laminated,  and  the 
contents  more  transparent,  owing  to  a partial  liquefaction.  Fluid  has,  in 
fact,  begun  to  accumulate  in  the  interior,  and  the  solid  mass  has  become 
a vesicle  with  a gradually  increasing  quantity  of  fluid.  With  com- 
paratively slight  increase  in  the  size  of  the  vesicle  an  internal  lining 
membrane  appears  upon  the  inner  surface  of  the  cuticle.  This  con- 
stitutes the  germinal  or  parenclunnatous  layer  (endocyst,  Huxley).  In 
this  can  be  recognised  an  outer  ill-defined  layer  of  small  cells  and  an 
inner  containing  larger  cellular  elements  as  well  as  muscle-fibi-es  and 
c.'dcareous  corpuscles.  The  lamination  of  the  cuticle  becomes  more 
marked,  and  remains  always  a conspicuoxxs  and  characteristic  feature,  while 
its  thickness  increases  with  age.  IMeanwhile,  even  at  this  early  stage,  the 
presence  of  the  growing  organism  excites  chaxiges  in  the  tissues  which 
harbour  it ; thus,  by  processes  which  will  be  discussed  hereafter,  an 
enveloping  capsule  of  cojinective  tissue  is  formed,  bouTiding  the  parasite, 
extei’ually  : this  has  been  said  to  be  lined  internally  by  cellular  elements, 
and  is  the  fibrous  sac  or  adventitious  capsule. 

This  structure,  often  improperly  called  ectocyst,  though  it  is  in  no 
sense  an  organic  part  of  the  parasite,  is  nevertheless  important  to  it  as 
the  immediate  source  of  its  nutritive  supply  ; thus  from  a zoological 
point  of  view  the  relationship  between  host  and  parasite  may  be 
described  as  one  of  non-reciprocal  symbiosis.  Davaine  and  other  authors 
maintain  with  good  morphological  reasons  that  the  name  cyst  should  be 
applied  to  this  structure  alone  ; liut  this  name,  by  most  writers,  has  I 
been  attached  to  the  bladder-like  organism  itself ; so  that  it  is  more  J 
convenient  to  retain  this  signification. 

In  the  parasite  itself  a vascular  S3’^stem  has  not  hitherto  been  recog- 
nised beyond  doubt ; moreover,  the  musculature  which  confers  mobility 
upon  some  other  larval  forms  is  scanty.  No  trace  of  sexual  organs  exists. 
.Vmongst  the  cells  of  the  parenchj^matous  laj'er  are  lentievdar,  laminated,  i 

(silcareous  particles,  chiefly  composed  of  carbonate  of  lime,  which  re-  , 

seml)lc  in  many  respects  corresiDonding  bodies  which  form  constant  and 
characteristic  elements  in  the  cortical  region  of  the  body-parenchyma  in 
the  mature  tapeworm,  and  indeed  in  the  cestodes  generally.  Compared 
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with  otlier  forms  in  tlie  bladder  stage,  that  of  Tit^nia  cc/iinococnis  uiidci- 
goes  relatively  slow  growth  ; but,  even  when  no  more  than  15  to  20  mm. 
in  diameter  (Leuckart),  or,  sometimes  in  our  experience,  considerably 
less,  an  important  development  may  be  already  in  j)rogress  which  still 
further  distinguishes  this  proscolex  from  other  varieties  of  bladder-Avoi'ins  : 
this  is  the  formation  of  numerous  heads  or  scolices. 

'Fhe  \ esicnlar  or  bladder  stage  of  ta}uia  may  (a)  give  lise  to  a single 
head;  the  resulting  organism  is  then  a cysticercus ; {h)  it  may  [)rodiice 
many  heads,  and  the  resulting  organisms  are  termed  cceniirus ; or 
{(■)  there  may  be,  as  in  echinococcus,  mant’  heads ; these,  however,  ai-e 
not  produced  directly  from  the  germinal  layer,  as  in  the  previous 
instances,  but  directly  from  special  delicate  sacs  called  brood-capsules,^ 
which  themselves  originate  from  the  proscolex  or  bladder-worm. 

Iknlojiment  of  Brood -capmle$  and  Scolices  (Figs.  225,  224). — These 
.structures  ari.se  as  minute  elevations  in  certain  parts  of  the  germinal 
layer  by  proliferation  of  its  cells,  which,  according  to  Kannyn,  bear 


Kii!.  i'-’S. — Dias'i-iinniatic  .■section  of  an  Eoliinococcns  blaslder,  witli  1 n ooit-cap.sules  and  scolices.  Froni  a 
wax  nioilel  after  Braun.  «.  cuticnlar  or  laminated  layer;  h,  parenchymatou.s  layer;  i-,  brood- 
capsules  with  iutro-  and  extro- verted  .scolices. 

vibratile  cilia  that  may  persist  even  on  the  matured  capsule.  AVithin 
these  elevations  a small  spheroidal  cavity  makes  its  apiiearance,  gradually 
increases  in  size,  and  becomes  lined  internally  with  a delicate  cuticnlar 
membrane ; externally  is  a layer  composed  of  cells.  The  wall  of  the 
brood-capsule  thus  exhibits  two  distinct  layers,  comparable  to  those  of 
the  mother  bladder  but  inverted  in  relative  position,  which  suggests  that 
the  brood-cap.sule  repre.sents  an  invagination  of  the  former.  Process  and 
cavity  grow  to  three  or  four  times  their  original  diameter,  and,  when 
full}’  grown,  may  attain  the  size  of  millet  seed  or  about  1 ’5  mm.  in 
diameter.  Though  muscular  fibres  have  not  been  found  in  them,  the 
l)rood-capsules  exhibit  active  movements.  They  are  extremely  delicate 
and  fragile,  and  thus  it  happens  that  unless  special  care  be  taken  in  the 
examination,  or  if  the  material  be  stale,  they  become  ruptured,  or  may 

^ Tills  statement,  implying  tlmt  the  scolices  are  inv.ariably  derived  from  brood-caiisules, 
tlioiigh  generally  accepted,  proli.ably  goes  too  far  and  may  have  to  he  reconsidered.  tVe 
have  had  the  opportunity  of  examining  a specimen  which  shewed  four  heads  sjirouting 
directly  from  the  germinal  membrane  of  an  e.vogeuously  developed  daughter-cyst  (human), 
of  a size  less  than  1 nini.  in  diameter — smaller,  in  fact,  than  a brood-capsule — and  possess- 
ing a rehatively  thick  cuticle.  Leuck.art  refer.s  to  similar  observations. 
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even  escape  ol)servation  altogether.  This  has  led  to  the  \ iew  that  tlu* 
connexion  between  the  heads  and  brood-capsules  is  oidy  temporary,  and 
that  after  separation  the  living  scolices  may  float  free  in  the  Huid  of  the 
mother  bladder.  Leuckart,  however,  insists  that  all  parts  of  the 
echinococcus — mother  bladder,  brood-capsules,  and  heads — arc  throughout 
life  in  direct  continuity  with  each  other,  and  we  believe  that  he  is 
correct. 

A head  (scolex)  fii-st  appears  as  a discoidal  thickening  in  the  wall  of 
the  brood-capsule,  which,  i-elatively  to  the  latter,  grows  into  an  ex- 
tei-nally  situated  club-shaped  proce.ss  perforated  longitudinally  by  a 
canal -like  continuation  of  the  intei'ior  cavity' of  the  Imood  - capsule. 
Though  thus  appearing  as  an  exteinal  ])iotiusion  of  the  brood-capsule, 
it  may  at  times  be  temporarily  inverted,  and  indeed  is  frequently'  found 
so.  At  the  bottom  of  the  distal  end  of  this  hollow  protrusion — namely, 
at  that  which  is  farthest  from  the  point  of  its  attachment — the  <lis- 
tinctive  elements  of  the  scolex — the  suckers  and  hooks  ^ — are  formed, 
the  latter  appearing  as  a thick  fringe  of  prickles  which  subsequently  all 
disappear  except  the  foi-emost  rows. 

Histological  dilferentiatiou  progresses,  and  muscle-fibres,  vessels,  and 
calcareous  pai'ticles  become  evident.  At  this  stage  the  head  as  a whole 
becomes  permanently  inverted  into  the  cavity  of  the  bi-ood-capsule  ; tlui 
contiguous  walls  of  the  hollow  bud,  and  of  the  still  hollow  stalk  by 
which  it  is  attached,  fuse  ; the  scole.x  thus  becomes  a solid  body  attached 
to  the  interior  of  the  brood-capsule  by  a slender  muscular  stalk,  'riie 
anterior  portion  of  the  head  which  bears  the  suckers  and  hooks  may, 
however,  lx;  invaginatefl  within  the  i-emainder  or  hinder  part,  and  may 
remain  so  for  some  time. 

The  views  here  adopted  of  the  growth  of  the  heads,  often  given  in 
his  own  words,  are  those  of  Leuckart,  who  insists  on  the  points  that  the 
scolices  originate  normally  from  the  exterior  of  the  brood-capsules  and  as 
hollow  Ituds,  in  conti’adistinction  to  the  vicAvs  of  other  Avriters,  who 
maintain  that  thej'^  arise  from  the  interior  or  as  solid  bodies. 

In  this  Avay,  l)y  successive  development,  heads  of  different  ages  to  the 
number  of  ten,  fifteen,  or  tAventy  may  come  to  lie  Avithin  one  capsule. 
In  the  case  of  large  bladders  the  included  capsules  may  increase  to  the 
luunber  of  many  thousands. 

I'he  young  scolex,  in  the  stage  Avhich  it  has  noAv  reached,  has  a 
spheroidal  shape  of  about  0T8  mm.  in  diameter.  As  Leuckart  remarks, 
it  bears  a striking  resemblance  to  a vorticella  Avith  its  ciliary  cii'clet 
retracted  ; and,  as  several  heads  are  frequently  seen  in  a group  attached 
by  their  slender  peduncles  to  a portion  of  the  collapsed  or  ruptuiaid 
brood-capsule,  the  further  resemblance  to  a colony  of  these  animals  is 
equally  remaikable.  In  the  depression  left  by  the  invagination  of  the 
anterior  extremity  Avithin  the  rest  of  the  head  are  the  suckers  and  the 
rings  of  booklets,  Avhich  can  be  seen  shining  thi'ough  its  translucent 

' It  will  l)e  mulerstood  tliat  the  original  eniliryonic  spines  of  the  Pinhryo  or  prosenlex 
become  dislocated  and  disappear  at  an  early  stage  of  <levelojnnent  into  the  bladder  form. 
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tissue  (Fig.  1 u) ; under  certiiiu  conditions — that  is,  by  gentle  warming  of 
tlio  natural  Hnid  of  the  bladder — the  heads  may  be  made  to  exhibit 
movements,  evaginate  the  retracted  portion,  and  assume  an  extended 
form  with  a length  of  0‘3  mm.  In  this  state  they  have  the  shape  repre- 
sented by  Fig.  226,  in  which  a partial  constriction  divides  the  he<id  into 
an  anterior  and  a posterior  part.  A small  pit  at  the  hinder  end,  which 
receives  the  attachment  of  the  stalk,  remains  visible  for  some  time  after 
se])aration  from  the  latter. 

The  booklets  have  a general  resemblance  in  form  and  ari-angements 
to  those  of  the  head  of  the  adult  worm,  difi'ering  otdy  in  the  shorter 
and  more  slender  shape  of  the  roots  (Fig.  218).  In  fact  the  description 
of  the  head  of  the  adult  worm  may  stand  for  that  of  the  scolex  in  the 
stage  of  develojmient  which  it  has  now  reached.  On  reaching  the 


I'lc.  i24. — Ijiiter  stage  of  ileveIoi>- 
ment  of  1)100(1 -capsule  shew- 
ing external  and  internal 
.scolices(x40).  After  Lenck- 
art. 


f'li;.  22.'). — Scolex  with  iii- 
vaginated  antmior  ex- 
tremity (X  'd(l).  .\fter 
I.euckart 


Fill.  il'Jii. — Scolex  partially 
constricted  (x  '.'o). 
■\fter  Leuckart. 


intestine  of  the  dog,  or  other  suitalile  host,  the  [iroglottides  of  the 
strobila  or  sexual  worm  are  successively  formed  by  a jirocess  of  lengthen- 
ing of  its  posterior  end  accompanied  by  transverse  segmentation.  The 
whole  course  of  development,  from  the  .scolex  condition  to  that  of  the 
adult  worm,  probably  occupies  from  four  to  eight  weeks. 

Formation  of  Donighter  Jiladclrm. — The  hydatid  bladder,  as  we  haic 
traced  it,  consists  of  a single  simple  .sac  or  mono-cyst,  which  may,  how- 
ever, attain  an  enormous  size,  bearing  ou  its  internal  surface  brood- 
cajisules  which  contain  scolices  in  varying  number  and  stages  of  develop- 
ment. This  form  has  received  the  name  of  Echinococcus  vetermornm.  ; but, 
in  our  experience  in  Australia  it  is  not  common  in  the  domestic  herbivora, 
while  it  is  frequently  found  in  man.  There  may,  however,  be  a greater 
degree  of  complexity  in  its  structure  in  which  .secondary  and  completely 
separated  bladders  may  be  formed ; and  these  may  either  lie  imsidc  or 
outside  the  jirimary  or  mother  cyst. 

The  varied  forms  of  echinococcus  bladders,  recognised  by  the  appli- 
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cution  of  the  term  E.  jiolj/iiiorphus  Diesing  as  one  of  the  synonyms,  lias 
led  to  the  establishment  of  a number  of  names  based,  in  some  cases  on 
views  of  specific  distinctions  that  have  proved  to  be  mistaken,  in  others 
upon  differences  in  their  mode  of  proliferation.  These  synonyms  ha\  e 
become  very  confusing,  and  it  would  be  well  if  they  were  abolished,  at 
least  in  medical  treatises.  Being  convinced  of  the  specific  identity  of 
all  the  ordinary  forms  of  cystic  hydatids,  we  proiwse  to  adopt  one  name, 
Erhiiiococais  hydatidosus  Leuckart,  or  its  anglicised  equivalent,  for  all  the 
vesicular  products,  of  whatsoever  outward  form,  of  the  egg  of  Toniia 
echinococcus  von  Siebold,  using  the  qualifying  term  simply  to  designate 
single  cysts  uncomplicated  by  the  presence  of  daughter  bladders  ; while, 
if  the  latter  have  been  formed,  endogenous  or  exogenous  will  .sufficiently 
explain  the  direction  in  which  these  have  grown.*  For  the  present 
the  peculiar  form  Echinococcus  alveoJaris  is  left  out  of  consideration  {vide, 
p.  1029). 

The  former,  or  endogenous,  type  is  that  which,  in  our  experience, 
occurs  in  man,  and,  we  may  add,  in  apes,  with  by  far  the  greatest  frequency, 
and  almost  to  the  exclusion  of  other  hydatidose  forms  in  the  viscera — 
iiuleed,  it  was  originally  named  E.  honiinis  by  Kudolphi.  The  secondary 
bladders  arise  (1)  from  vesicular  transformation  of  echinococcus  heads 
(scolices),  Avhich  may  be  either  floatiug  free  in  the  fluid  of  the  parent 
bladder  or  still  contained  within  brood-capsules;  (2)  from  a similai- trans- 
formation affecting  the  brood-capsules  themselves  ; or  (3)  by  a procc.ss, 
resting  chiefl}"  on  the  authority  of  Naunyn,  which  begins  with  a collajise  of 
the  original  bladder  from  loss  of  some  of  its  fluid,  so  that  surfaces  formerly 
separated  come  in  contact  and  become  adherent.  The  daughter  bladders 
are  formed  by  the  metamorphosis  of  portions  of  the  parenchymal  layerwhich 
surround  themselves  by  concentric  chitinous  lamelloe,  and  become  hollow 
and  filled  with  fluid.  The  jjrocess,  as  Leuckart  remarks,  bears  a close 
resemblance  to  the  method  of  exogenous  budding  to  be  next  described. 
In  any  case  separate  secondary  or  daughter  bladders  are  formed  which 
lie  within  the  parent  cyst,  and  they  coirespond  to  them  in  structure  and 
behaviour,  and  many  likewise  give  rise  to  l)rood-capsules  and  scolices. 
By  a resumption  of  the  metamorphoses  which  have  been  described,  the 
daughter  bladders  themselves  may  bud  endogenously  or  exogenously, 
and  tlms  produce  a third  or  even  a fourth  generation  Avithin  or  without 
themselves,  the  whole  brood  being  contained  Avithin  the  mother 
bladder. 

The  exogenous  type,  also  occurring  frequently,  like  the  simple 
bladder,  in  the  domestic  animals  and  especially  in  the  pig,  is  less 

' \V  itliout  intending  to  review,  conijireliensivelj’,  the  Avhole  synonymy  of  echinocoecu.s 
hladdevs,  we  inaA’  here  give  the  names  that  are  most  frequently  in  evidence  in  modern  works. 
To  the  type  of  blailder  winch  is  either  simple,  or  which  gives  rise  to  daughter  bladders 
exogenously  produced,  the  following  names  have  been  applied  or  proposed  : F.  rHerinomm 
Rndolphi.  E.  scolicipariens  Kuehenmeister.  E.  Leuckart,  K.  simple.'-  Leuckart, 

A.  e.i-iif/enHs  Knhn,  E.  custinis  fertilis  Hraun.  To  the  form  producing  intern.ally  developed 
daughter  bhylders  : E.  Rndolphi,  E.  Kiichenmeister,  E.  Iipdalidosus 

Ijcnckart.  E.  etidfujeuvs  Knhn. 
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common  in  man,  though  in  him  it  is  the  form  usually  found  in  hone, 
while  it  occurs  also  iu  the  brain  and  other  extra-^■isceral  localities. 

In  this  form  the  secondary  bladders  arise  from  small  gi-anular 
masses  which  ap{>ear  in  the  deeper  layer 
of  the  cuticle  of  the  mother  cyst,  though 
probably  they  are  actually  derived  from 
the  pareuch}’mal  layer.  These  assume 
a special  cuticulav  covering  of  their  own, 
and  theii-  central  parts  clear  uj)  and 
liquefy.  With  the  continued  centri- 
petal formation  of  new  layers  in  the 
cuticle  of  the  mother  bladder,  and  the 
rupture  of  its  outer  layers,  these  new 
formations  graduallv  make  their  way 
externally,  as  completely  separated  sacs 
undergoing  their  subsequent  develop- 
ment outside  of  the  mother  bladder,  and 
usually  clo.se  to  it. 

Sometimes  the  exogenous  outgi'owths 
may  iiivagiuate  themselves  into  the 
parent  cyst  and  appear  as  if  they  had 
been  endogenously  pi'oduced.  If  this 
j>rocess  have  been  fre([uently  repeated 
the  original  bladder  may  become  packed 
with  internal  cysts  really  of  exogenous 
origin,  and  the  section  of  such  a formation  presents  a labyrinthine 
appearance  of  septa  and  loculi,  iu  short  a multilocular  arrangement. 

Another  special  development  of  exogenous  growth  constitutes  what 
we  may  term  the  “burrowing”  type  of  hydatid,  which  has  been  sometimes 
confounded  with  the  true  alveolar  form.  This  variety  occurs  extra- 
viscerally,  is  not  met  with  in  children,  and  fortunately  is  not  common  iu 
adults.  It  is  characterised  by  a more  or  less  exuberant  exogenous 
proliferation  of  cysts,  which  make  their  way  along  the  fascial  planes  of 
the  host  and  may  thus  travel  to  a considerable  distance  from  the  original 
nidus  of  the  parasite.  The  conditions  which  give  rise  to  this  manner  of 
growth  may  probably  be  thus  explained.  In  those  situations  where, 
surrounded  by  a soft  parenchymatous  and  vascular  tissue,  such,  for 
instance,  as  the  liver  of  a child,  growth-expansion  is  relatively  easy  and 
nutritive  supply  ample,  the  endogenous  type  obtains.  Where,  on  the 
other  hand,  the  storage  capacity  is  limited  and  the  resistance  to 
expansion  considerable,  as  iu  the  confined  spaces  of  cancellous  bone,  the 
symbiotic  conditions  are  less  favouralde  to  the  parasite,  and  it  is  driven 
into  a struggle  for  existence.  In  these  circumsfiinccs  the  parasite 
attempts  to  effect  its  growth  by  exogenous  proliferation. 

A .similar  response,  under  similar  conditions,  is  seen  in  those  cases  of 
visceral  hydatids  of  the  endogenous  type,  where,  from  some  cause  or 
another,  the  adventitious  capsule  .shrinks  and  acquires  a leathery  cou.sistence 


Fig.  — Human  Hydatid  (Liver).  The 

partially  collapsed  echinococcus  bladder 
i.s  seen  witliin  tlie  .adventitious  capsule. 
Inside  the  Ibrmer  are,  two  endogenously 
developed  dau>'hter- cysts,  and  on  the 
outside  are  exogenous  outgrowths. 
From  nature,  x j. 
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or  even  undergoes  a considerable  amount  of  calcification.  Tliese  conditions 
also  constitute  a mechanical  impediment  both  to  active  expansion  from 
w ithin  and  to  osmosis  from  wdthout,  and  the  pai'asite  may  then  fall  into 
a sluggish  or  inactive  phase  in  which  it  may  lemain  quiescent,  but  alivt;, 
as  long  as  the  life  of  its  host.  Or,  on  the  other  hand,  some  cryptogenic 
[)us  infection,  injury,  surgical  interfei-ence,  or  bile  irru])tion  may  at  any 
time  kill  it  outright  or  initiate  tho.se  su]>purativc  proce.sses  which  lu'ing 
matters  to  a crisis. 

During  this  inactive  stage  of  indeterminate  duration  of  a parasite  a 
iKjn-lethal  injury  may  evoke  a response  in  the  form  of  exogenous  [>ro- 
liferation  that  may  even  proceed  to  such  an  extent  that  it  a.ssumes  the 
burrowdng  type.  Probably  such  an  event  must  be  reckoned  as  one  of 
those  causes,  observed  elsewhere,  which,  it  is  suggested,  may  give  ri.se  to 
the  frequently  observed  cases  of  multiple  hydatids  of  the  omentttm  and 
pei'itoneum. 

It  is  thus  th.at  skeletal  hydatids  that  have  e.xisted,  perhaps  for  year.s, 
in  a sluggish  state  giving  rise  to  vague  rheumatic-like  pains  may  be 
qtiickened  into  an  active  life  by  a spontaneous  fracture  or  l)y  some 
inadequate,  and  often  ill-advised,  surgical  interference  such  as  curetting. 
In  such  circumstances  the  parasite  ma}’  grow'  actively  and  continuously 
wdth  the  formation  of  innumerable  small  bladders  causing  great  destruction 
of  osseous  and  other  tissue.  INIoreovci',  the  exogenous  brood  may  ha\  c 
become  .so  numerous  and  have  ti'avelled  so  far  from  their  original  paixuit 
that  it  is  impossible  for  the  surgeon  to  be  certain  that  he  has  removed 
them  all.  If  any  cysts  should  have  been  left  behind  they  wdll,  in  their 
turn,  ])roduce  a fresh  crop  requiring  further  operation,  and  .so  on.  In 
hydatids  of  bone,  consequently,  am})utatioi:  wdll  generally  be  found  to  be 
the  neces.sary  treatment.  Such  a type,  therefore,  from  a clinical  point 
of  view'  w'ell  mei'its  the  term  malignant  hydatid  disease,  and  w'e  have 
dealt  with  it  at  some  length  on  account  of  its  clinical  import. 

'Fhough  we  have  distinguished  between  these  three  A'arieties — the 
simple  ej'^st  and  those  proliferating  endogenously  or  exogenously — yet  it 
must  be  remembered  that  the  distinction  is  not  absolute.  Bctw'een  the 
simple  single  c}^st  and  one  densely  packed  with  countless  daughti-r 
bladders  every  degree  of  complexity  in  the  contents  is  met  wdth,  and 
the  same  primary  bladder  ma}',  at  the  same  time,  shew  l)oth  the  endo- 
genous and  the  exogenous  methods  of  jiroliferation.  An  examide  of  this 
is  shewm  in  Fig.  227,  where  a visceral  hydatid  of  the  endogenous  type 
has  given  rise  to  e.xogenous  buds.  So,  too,  in  the  hyilatids  of  bone, 
w'here  the  favoured  type  is  exogenous,  it  is  found  that  wdien  by  penetra- 
tion of  the  osseous  substance  the  ])ai'asite  can  e.xtend  itself  into  intei- 
muscular  septa  or  other  potential  S2)aces  these  extensions  are  apt  to, 
though  they  do  not  always,  assume  the  endogenous  habit.  As  a 
practical  rule  w'c  may  assume  that  hydatids  of  the  viscera  in  man, 
which  are  those  of  most  frequent  occurrence,  are  of  the  endogoious 
form  ; while  in  bone  they  are  usually,  and  in  the  brain  and  other  extra- 
viscei'al  localities  frequently,  e.xogenous.  W’hile  it  is  rarel}'’  possible  to 
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(li.stiiiifiiish  cliniciill}'  l)ft\vceii  tlio.sc  v;inetic«.  vet  from  the  ])oiiit  of  view 
t)f  operation  it  is  a very  much  easier  ami  simpler  matter  to  deal  with  a 
>in_”'le  bladder  with  its  self-contained  contents  than  Avith  an  aggregate 
of  many  separate,  and  sometimes  widely  separated,  oysts  that  have  been 
formed  by  exogenous  growth,  and  this  is  especially  true  in  that  class 
of  hydatid  to  which  Ave  have  referred  as  the  burrowing  type. 

'I'he  rarer,  more  dangerous,  and  less  understood  form  of  parasite 
knoAvn  as  Echiuucoccus  alveolari.<  sire  nmltilocnlaris  — alveolar  or  multi- 
locular  hydatid — differs  in  so  many  im})ortant  asj)ects  from  the  hyda- 
tidose  kinds  that  it  Avill  l)c  necessary  to  deal  Avith  it  in  a separate 
section.  We  may,  hoAvever,  observe  in  this  place  that,  in  vicAv  of  its 
many  striking  differences,  both  pathological  and  clinical  and,  probably, 
zoological,  Avhich  distinguish  this  variety,  it  is  unfortunate  that  the  term 
nmitilocular  has,  by  long  usage,  become  identified  Avith  it.  There  are 
hydatidose  echinococci  Avhich  are  nmitilocular  in  the  literal  .sense  of  the 
Avord,  and  have  nothing  in  common  AAuth  the  alveolar  hydatid  save  that 
they  are  both  many-chambered.  It  Avould,  therefore,  be  advisable  not  to 
use  this  name  as  a spe(;ific  synonym  foi-  the  ah  eolar  form,  Avhich  Avoitld 
then  be  knoAvu  solely  as  the  I'Jchinococnis  alreolitris.  The  term  multi- 
locular  might  then  be  retained  in  its  proper  signification  as  sinqdy 
de.scriptive  of  a many-chambered  clnu-acter  in  Avhatsoever  foi  ni  of  parasite 
this  feature  might  occur. 

Sterile  Hydatids. — Some  hydatids  contain  no  scoliccs,  and  the  absence 
of  scolices  is  frecpieutly  associated  with  the  absence  •of  daughtei" 
bladders  — they  are  in  fact  sterile,  and  constitute  the  structures 
described  as  acephalocysts  by  Laennec.  We  cannot  enter  into  a dis- 
cussion of  the  manifold  causes  of  this  sterility,  the  freejueney  of  Avhich 
may  easily  be  exaggerated  from  failure  to  find  the  evidences  of  reproduc- 
tion. Juvenility,  senilitA',  inherited  debility,  and  degenerations  in  the 
j)arasite  itself  are  conditions  Avhich,  as  in  other  organisms,  may  play 
their  part;  but  probably  the  supply  of  nutriment  is  the  chief,  tin; 
vascular  and  other  conditions  of  the  adventitious  sac  or  of  the  sur- 
rounding tissues  being  impoi-tant  factors  in  this  I'espect.  Thus,  certain 
pedunculated  hydatids  of  the  peritoneum,  Avhich  are  attached  to  the 
mesentery  by  extremely  long  and  attenuated  pedicles,  have  been  found 
sterile  or  nearly  so.  On  the  other  hand,  if  the  production  of  daughter- 
cysts  be  taken  as  CAidence  of  fertility,  it  is  I'ernarkable  that  in  the  case 
of  a hydatid  bladder  found  lying  free  and  naked  in  the  jjei'itoneal  cavity 
these  structures  existed  in  abundance.  Again,  hydatids  in  the  brain 
are  said  to  be  more  frequently  stei'ile  than  in  other  parts  ; this  may  be 
related  to  the  occasional  abscTice  of  the  adventitious  .sac,  or  to  a tenuity 
of  it  so  extreme  that  it  is  unrecognisable  as  a sc])arate  structure.^ 

Conditions  Determining  the  Prevalence  of  Hydatid  Disease.- — 

' Kcolices  or  booklets  were  observed  in  eighteen  out  of  ninety-.seven  eases  of  hydatids  of 
the  finiin  (47). 

- It  will  he  nnder.stood  that  this  section  refers  to  the  hytlatido.se  form  only. 
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Tlie  parts  played  by  the  dog  on  the  one  hand,  and  by  man  and  the 
domestic  ungulates  on  the  other,  have  Vjeen  more  precisely  indicated  in 
the  paragraphs  relating  to  the  life-history  of  the  parasite.  The  inter- 
vention of  animals  so  closely  associated  with  the  domestic  and  economic 
life  of  man,  as  essential  factors  in  the  genesis  of  a serious  human 
tlisease,  thus  becomes  a matter  of  prime  importance.  It  is  necessary, 
therefore,  to  e.vamine  more  closely  the  experimental  and  other  evidence 
which  has  not  only  led  us  to  connect  the  prevalence  of  the  disease  iii 
man  with  the  dog  and  the  domestic  animals,  but  has  also  furnished  us 
with  precise  biological  results. 

So  far  as  is  known  the  Tcerdn  echinococcus  has  only  been  found  in  the 
domestic  dogs,  the  wolf  (Cobbohl),  the  jackal  (Panceri),  and  the  Australian 
wild  dog  {Cams  dingo)  (von  Linstow).  This  last,  however,  is  probably 
not,  by  itself,  a factor  of  great  importance  in  the  prevalence  of  hydatid 
disease  in  the  Australian  states  ; for  though  pure-bred  dingos  are  some- 
times kept  in  domesticity  by  the  aboriginals,  they  are  only  to  be  met 
with  in  far-outlying  districts  where  the  white  population  is  scanty.  On 
the  other  hand,  many  parts  of  the  country  are  overrun  with  the  hybrids 
resulting  from  the  crosses  between  the  dingo  and  various  breeds  of 
domestic  dogs,  and  in  these  there  can  be  no  doubt  of  the  ])resence  of  the 
tapeworm.  The  assertion  of  an  eminent  helminthologist  (Kiichenmeister) 
that  man  himself  may  be  the  host  of  this  Tmnia  remains  un.supported. 
As  the  wolf  and  the  jackal  are  not,  as  a rule,  brought  into  relation 
with  man,^  the  domestic  dog  i-emains  as  the  chief  host  of  the  sexual 
worm. 

On  the  other  hand,  the  bladder  stage  of  the  parasite  is  much  more 
widely  distributed ; it  has  been  found  in  man,  various  kinds  of  moid<eys, 
lemur,  sheep,  ox,  pig,  deer,  camel,  giraffe,  horse,  ass,  zebra,  kangaroo, 
s(piirrel,  seal,-  cat ; it  has  also  been  found  in  the  turkey  and  peacock.-* 
Of  domestic  animals  the  sheep,  ox,  and  pig  are  the  principal  inter- 
mediate hosts  of  the  larval  or  bladder  stage,  and  of  these  thei-e  can,  we 
think,  be  little  doubt  that  the  sheep  occupies  the  predominant  place  as 
the  principal  source  of  supply  of  the  bladder-worms  to  the  dog.  Tliis 
point  will  be  further  dealt  with  in  connexion  with  the  geographical  distri- 
bution of  hydatid  disease. 

It  has  been  proved,  by  feeding  experiments  conducted  with  all 
necessary  precautions,  that  hydatid  bladders  or  scolices  from  sheep  and 
cattle  wlien  administered  to  dogs  produce  Tamia  echinococcus — and  'Lenia 
echinococcus  only — in  the  intestines  of  the  latter.  Similar  re.sults  have 
followed  the  administration  of  hydatids  or  scolices  obtained  from  man. 
It  has  been  also  experimentally  proA-ed  that  proglottides  or  ova  of  Tcenia 
echinococcus  administered  to  some  at  least  of  the  domestic  animals  sive 
rise  to  bladder-worms. 

' Sir  P.  Maiisoii  1ms  jioiiited  out  tlmt  in  liiilia  (where  hydatid  disease  is  rare)  the  j.-iekal 
is  ill  intimate  relation  with  man,  lieiiig  a constant  visitor  in  all  towns  and  villages. 

- A species  of  ArcJncephalus  that  died  in  the  Zoological  Gardens,  Adelaide. 

•’  A very  cojiious  list  of  the  various  helminthic  parasites  found  in  different  animals  is 
given  in  von  Linstow’s  VoiiqKiuHum  tier  Hchninthiplogie,  1878,  with  Supplement,  1889. 
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'I'he  conditions  favonmlile  to  tlie  prevalence  and  spread  of  hydatid 
disease  appear,  therefore,  to  be  the  following : — 

1.  A sutHciency  of  dogs  infected  with  Tanua  ecliiiwco>yiis,  by  whicli 
means  the  supply  of  ova  is  kept  npd 

'2.  ^lany  animals,  such  as  the  domestic  herbivora,  particularly  sheep, 
capable  of  serving  as  the  intermediate  host  of  the  bladder-worm. 

3.  Conditions  favourable  to  the  entrance  of  the  tamian  ova  into  the 
alimentary  canal,  either  of  man  or  of  the  ordinary  intermediate  ho.sts. 

4.  Facility  of  access  of  dogs  to  the  carcases,  or  hydatid-containing 
organs,  of  the  intermediate  hosts,  such  as  the  domestic  herbivora,  by 
which  means  the  supply  of  Timia  yrhimeorcus  is  kept  uj>. 

So  far  as  they  go,  statistics  shew  that  these  prescribed  conditions  aie 
actually  fulfdled  in  localities  where  hydatid  disease  is  most  prevalent. 
As  will  be  seen  later,  Iceland  and  x\.ustralia  stand  out  pre-eminently 
in  this  respect,  especially  certain  parts  of  the  latter. 

An  estimate  of  the  number  of  dogs  to  the  j)opulation  in  various 
localities  gives  for  England  one  dog  to  fifty  itduibitants  ; for  France  one 
to  twenty-two;  Belgium  one  to  eighteen;  Iceland  one  to  eleven  (35),  a 
])roportion  for  the  latter  country  increased  by  Krabbe  to  one  to  three 
or  five  inhabitants.  The  essential  point,  however,  is  not  so  much  the 
number  of  dogs  as  the  number  infected  with  the  Taania,  and  in  this  res])ect 
there  is,  of  course,  much  greater  uncertainty;  but  of  100  dogs  examined 
by  the  last-named  observer  in  Iceland  twenty-eight  were  found  to  contain 
them. 

To  the  influence  of  the  other  factor  concerned  in  the  causation  of 
hydatid  disease  in  man,  viz.  the  echinococcus-bearing  herbivora,  we  shall 
return  after  speaking  of  its  geographical  distril)ution. 

In  Australia,  though  an  estimate  might  be  made  of  the  number  of 
dogs  registered  in  the  settled  districts  under  the  various  Dog  Acts  of  the 
colonies,  such  a record  would  leave  out  the  enormous  number,  both  in 
settled  and  outlying  districts,  which  does  not  come  under  this  head. 
There  is  no  dnnbt,  however,  that  the  pi-oportion  of  dogs  to  population 
is  very  great,  and  possibly  exceeds  that  of  Iceland ; but,  as  already 
])ointed  out,  the  real  factor  for  the  spread  of  the  disease  is  not  the  abso- 
lute number  of  dogs  but  the  number  that  have  become  infected  with  the 
tapeworm,  and  it  is  certain  that  a very  large  proportion  come  under  this 
category.  Thomas  indeed  found  that  of  the  unregistered  dogs  in  and 
around  Adelaide,  South  Australia,  40  per  cent  were  thus  affected. 

A more  accurate  estimate  can  be  made  of  the  number  of  sheep  and 
cattle.  The  official  returns  of  the  various  colonies  sheAv  that  in  1S92 
there  were  in  Australia  as  a whole  about  3000  sheep  and  300  hoi  iicd 
cattle  for  every  100  inhabitants.  No  data,-  however,  exist  for  any 

' Wlieii  we  renieiiiber  that  a single  dog  may  eoiitain  many  Ihoiisand.s  of  Tamia*,  and 
tliat  eaeh  succes.sively  rij)e  i>rog]ottis  holds  some  hundreds  of  eggs,  it  will  he  seen  how  wide 
may  he  the  area  of  distrihntion  of  the  latter  liy  one  host. 

- From  investigations  made  while  this  artiide  is  pa,ssing  through  the  press,  we  are, 
])rohahly  within  the  mark  in  saying  that  in  the  southern  ])arts  of  South  Australia,  at  least, 
.oO  per  cent  of  old  iterino  sheep  are  affected  with  hydatids. 
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precise  statement  of  the  pi'oportioii  ati’ected  with  the  bladder-wonn,  Imt 
it  is  certaiidy  large.  Of  50  sheep  examined,  22,  or  44  per  cent,  were 
fount  I infected  in  one  or  more  organs. 

We  shall  now  consider  the  conditions  which  favour  the  entrance  of 
tlie  tajiiian  ova  into  man  or  the  domestic  herbivora,  and  conversely  of  the 
bladder-worms  into  dog.s,  as  they  exist  in  Anstialia,  Avith  which  conntiy 
we  are  most  familiar. 

Tiie  explored  parts  of  the  country  are  stocked  more  or  less  heavily 
■ with  sheep  and  cattle ; many  districts  are  overrun  by  dogs,  not  onl}*  by 
the  tlingo,  but  by  domestic  dogs  that  have  “gone  wild,”  and  by  cross- 
breds resulting  from  the  interbreeding  of  these  among  themselves  and 
with  the  dingo.  Large  packs  of  such  mongrels  accompany  every 
wandering  band  of  aboriginals.  The  result  is  that  an  enormous 
destruction  of  stock  takes  place  in  spite  of  the  costlj'^,  though  too  often 
spasmodic  efforts  in  the  direction  of  “ vermin  destruction  ” ; ^ it  must 
be  remembered  also  that  the  kangaroo  is  an  intermediate  host,  Imt  its 
numbers  have  so  largely  diminished  in  recent  years  that  it  cannot  now 
be  a factor  of  importance. 

Moreover,  and  this  is  a matter  of  great  consequence,  in  the  vicinity 
of  bush  habitations  the  offal  of  the  carcases  used  for  food-supply  is  too 
often  carelessly  throAvn  aside,  and  affords  frequent  opportunities  for  the 
bladder-worms  to  reach  the  intestines  of  the  dog  ; the  abundant  ova  of 
the  resulting  tapeworm,  deposited  with  the  faeces  on  the  ground  or  herb- 
age, or  I’eachiiig  the  water-supply,  may  in  their  turn  find  their  way  into 
the  bodies  of  the  intermediate  host. 

In  the  watei'- supply,  in  fact,  we  probably  have  the  explanation  of 
the  chief  source  of  infection  of  man  himself.  In  many  parts  of 
•Australia  this  consists  largely  either  of  permanent  sAvamps  (<as  in  certain 
[>arts  of  Victoria  and  South  Australia  Avhere  hydatids  are  particularly 
common),  or,  more  frequently,  of  Avater  - holes,  natural  clay-pans  oi- 
excavated  reservoirs,  all  of  Avhich,  after  rain,  receive  the  Avashings  of 
the  surface.  Not  only  do  the  dogs  have  access  to  these  surface  collec- 
tions, often  obviously  contaminated,  but  the  AA'^ater  is  drunk  both  by 
man  and  beast — l)y  the  former,  frequently  and  sometimes  of  necessity, 
without  precautions  to  I'cduce  the  risks  of  infection. 

Again,  the  use  of  imperfectly  cleansed  raAv  vegetables,  in  places 
wliere  these  are  liable  to  be  contaminated  bv  the  excreta  of  dojiS,  must 
lie  considered  as  a potential  .or  actual  source  of  infection. 

When  one  remembers  the  :iffectionate,  and  avc  might  add  disgusting, 
familiarities  Avith  Avhich  pet  dogs  are  treated,  and  the  habits  of  dogs 
among  themselves,  it  is  not  possible  to  ignore  these  animals  as  a cause  of 
direct  infection.  A remarkable  instance  of  infection  in  this  Avay  Avas 
re])orted  by  Dr.  CullingAvoi-th  and  Mr.  Glutton,  in  AAdiich  a lady,  during 
a period  of  eight  years,  undenvent  repeated  operations  for  hydatids  in 
various  pelvic  ami  abdominal  organs.  The  source  of  infection  Avas  a 

’ In  South  .Australia  alone,  7481  dogs,  mostly  diiigos  hut  partly  cross  - hreds,  were 
destroyed  in  189.3  under  the  Vermin  .Acts. 
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pet  dog  that  she  had  l)eeii  in  the  habit  of  kissing  and  nursing,  par- 
ticularly when  it  was  out  of  health ; we  are  ourselves  familiar  with 
cases  in  which  it  is  almost  certain  that  infection  has  been  received  in 
the  same  way.  'I'hese  statenients  imply  that  hydatid  infection  is 
received  through  the  alimentary  canal,  but,  in  seeking  to  account  foi-  the 
undoubted  pre^-alence  of  this  parasite  in  the  lungs,  the  late  Dr.  S.  D.  Bird 
of  IMelbourne  suggested  that  the  tienian  ova,  blown  by  the  wind  in  the 
frequent  dust-storms  of  Australia,  may  gain  direct  entrance  to  the  air- 
l)assages  and  there  develop  into  a bladder.  We  have,  indeed,  seen  the 
lungs  of  sheep  containing  hydatids  lying  free  in  a bronchus.  But  these 
cases  cannot  be  regarded  as  proving  this  method  of  entrance,  for  in  them 
cysts  of  an  exogenous  type  existed  in  the  adjacent  lung-tissue,  and  it  is 
(piite  possible  that  an  exogenous  bud  may  have  pushed  its  way  into  the 
bronchus,  becoming  ultimately  separated  and  free.  Nevertheless,  though 
un{)roved,  we  do  not  regard  the  former  view  as  impossible. 

It  may  be  well,  perhaps,  to  state  here  that  there  is  no  evidence  to 
support  the  frequently  expressed  belief  that  the  contents  of  echinococcus 
cysts  themselves,  when  they  occur  in  animals  used  as  food,  may,  if 
ingested,  give  rise  to  hydatids  in  man.  A doubt,  however,  on  this  point 
is  implied  by  a remark  of  Posselt. 

In  Iceland,  with  which  one  of  us  is  also  familiar,  though  the 
phy.sical  conditions  are  widely  difter'ent,  yet  there  are  the  same  necessary- 
factors — many  dogs,  many  herbivora,  principally  sheep,  and  contaminated 
pasturage  or  water ; moreover  there  is  in  that  island  a closer  bodily 
association  between  man  and  beiist,  and  greater  uncleaidiness  in  person 
and  in  the  use  of  food  and  its  appurtenances. 

Geographical  Distribution. — Though  hydatid  disease  occurs  in 
many  countries,  the  published  statistics,  so  far  as  known  to  us,  do  not 
permit  of  very  precise  statements  of  its  comparative  frequency ; this  is, 
with  the  exception  of  Iceland,  perhaps  more  true  of  the  old  world  than 
the  new,  as  represented  by  Australia,  the  great  prevalence  of  the  disease 
in  the  latter  country  having  compelled  attention  to  it. 

Quite  uninfluenced  by  climate  in  itself,  the  spread  of  the  disease 
appears  to  depend  entirely  upon  the  degree  to  which  the  factor's  men- 
tioned in  the  pi’eceding  section  are  present. 

Dealing  first  with  Iceland  and  Austi'alia,  the  two  chief  homes  of 
hydatid  disease,  the  absence  of  comprehensive  statistics  invalidates  all 
exact  numerical  statements ; still,  enough  evidence  is  forthcoming  to 
support  the  general  tenor  of  the  previous  statement  as  to  the  remai'kalfie 
prevalence  of  the  disease  in  these  countries. 

Iceland. — Estimates  of  the  total  number  of  the  population  afiected 
vary  from  to  suppose  the  foi-mer  to  be  too  high  an 

estimate,  the  frequency  of  the  disease  is  evident  nevertheless.  Thvrs 
iSchleisner,  who  seems  to  have  been  the  first  to  indicate  the  parasitic 
nature  of  a disease  that  had  long  been  known  in  the  country  under'  such 
names  as  hepatalgia,  infarctus,  obstructio,  or  hypertrophia  hepatis,  found 
that  about  |th  of  the  2000  sick  who  appeared  in  the  medical  I'eports  of 
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the  island,  and  -^th  of  the  327  sick  under  his  own  immediate  care,  were 
affected  with  hydatid  disease.  On  the  other  hand,  Finsen,  after  nine 
years’  experience,  states  that  of  7539  cases,  280,  or  nearly  1 in  27, 
suffered  from  hydatid  disease.  This  latter  figure  accords  sufficiently 
nearly  with  the  estimate  by  Galliot,  that  the  number  of  the  population 
alFected  mav  be  reckoned  at  about  (jth.  e aie  not  aA\aie  that  any 
case  of  alveolar  hydatid  has  occurred  in  this  island  where  the  hydatidose 
form  is  so  common,  and  it  is  also  remarkable  that  the  latter  seems  not  to 
occur  in  the  Faroe  Islands,  although  they  lie  in  the  direct  line  of  com- 
munication Avith  Iceland,  and  possess  plenty  of  dogs  and  sheep. 

Australia. — Although  Amstralia  as  a Avhole  enjoys  an  unenviable 
reputation  for  the  prevalence  of  hydatids,  this  disease  does  not  by  any 
means  occur  with  equal  frequency  in  the  several  states,  or  even  in  all 
parts  of  the  same  colony.  W'hether  reckoned  on  the  basis  of  the  ratio  of 
the  registered  deaths  from  this  cause  to  the  total  mortality,  or  on  the 
proportion  of  the  admissions  of  persons  suffering  from  hydatids  to  the 
total  number  of  patients  received  into  the  various  hospitals,  the  disease 
is  found  to  be  most  frequent  in  South  Australia,  somewhat  less  so  in 
Victoria,  Avhile  Ncav  South  Wales,  Tasmania,  Western  Australia,  and 
Queensland  follow  Avith  a diminishing  ratio  in  the  order  named.  In 
North  Queensland  and  in  other  northern  parts  of  Australia  the  disease 
is  practically  unknoAvn.  This  statement  is  based  on  returns,  specially 
sought  for,  up  to  the  end  of  1896,  covering  over  half  a million  of  cases 
of  admissions  to  A'arious  hospiUils.  The  region  of  Australia,  hoAvever, 
Avhich  yields  the  largest  proportion  of  cases  is  that  compri.sing  the  south- 
eastern part  of  South  Austi-alia  and  the  contiguous  Avestern  district  of 
Victoria — a Avell-stocked  and  comparatively  cool  region,  AAUth  much  per- 
manent surface  AA^ater,  often  in  the  form  of  SAwamps.  The  returns, 
extending  over  many  years,  of  the  Mount  Gambier  Hospital,  situated 
in  one  of  the  few  districts  in  Southern  Australia  Avhere  permanent 
sAvamps  exist,  sheAv  one  hydatid  patient  for  eveiy  sixty-five  admitted  for 
all  complaints ; these  figures  are  pi'obably  not  exceeded  in  any  other 
locality.  It  is  remarkable,  hoAvever,  that  no  case  of  the  alveolar  form 
has  been  recoi’ded  in  any  of  these  states  or  from  Ncav  Zealand. 

New  Zealand. — From  the  Tuost  recent  available  reports  (2,  29),  hydatid 
disease  appears  to  be  not  very  common  in  the  North  Island,  but  is  more 
■SO  in  the  South,  csjjecially  in  Dunedin  and  its  neighbourhood,  Avherc 
hospital  statistics  shew  that  it  is  on  the  increase.  It  is  remarkable  that 
it  is  practically  unknoAvn  amongst  the  Maoris,  Avho  keep  many  dogs  and 
are  not  careful  in  feeding  them  (29). 

Great  Hritain. — Gobbold  and  others,  Avho  have  endeavoured  to  ascer- 
tain the  degree  of  prevalence  of  hydatid  disease  in  the  United  Kingdom, 
haA'e  found  a difficulty  in  basing  any  relial)le  estimate  upon  the  defec- 
tive data  pi’ovided  by  the  returns  of  the  Registrar-Generars  department. 
(We  should  add  that  Ave  are  referring  to  a period  prior  to  1880.)  As  the 
circumstances  in  Avhich  aa^c  write  have  made  it  impossible  for  us  to  investi- 
gate the  later  years  either  of  the  Registrar  - General’s  or  of  hospital 
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statistics,  this  section  of  our  article  must  be  necessarily  incomplete. 
Nevertheless  the  following  statements  may  be  taken  for  what  thet'  are 
Avorth  : — 

Thomas  quotes  figures,  derived  from  the  Kogistrar-Generars  statistics 
for  the  decennial  period  ended  1880,  which  shew  one  death  from 
hydatids  to  11,87G  deaths  from  all  causes.  As  the  i-esult  of  a special 
inquiry  addressed  by  the  same  Avriter  to  various  British  hospitals  (replies 
having  been  received  only  from  the  London  Hospital  and  one  other),  it 
was  found  that  in  the  former  institution,  during  a period  of  five  years, 
twenty-four  cases  of  hydatid  disease  Avere  treateil  out  of  a total  of 
1.3,297  medical  in-patients — a proportion  of  1 to  .o54  ; Avhile  from  the 
published  reports  of  three  Metropolitan  hospitals  — St.  Thomas’s,  St. 
BartholomeAv^’s,  and  St.  George’s — he  derived,  from  the  aggregate  of 
figures,  a corresponding  ratio  of  1 to  1124,  the  proportion  A^arying  con- 
siderably in  the  seA-eral  hospitals. 

Among  2100  necropsies  at  the  Middlese.x  Hospital  between  1853  and 
1863  Murchison  found  hydatids  in  thirteen  instances  only  ; that  is,  one  in 
161  cases.  He  further  stated,  as  the  result  of  investigations  at  the  Royal 
Infirmaries  of  Edinburgh  and  GlasgOAA',  that  hydatids  are  much  rarer  in 
Scotland  than  in  England. 

The  limited  area  to  Avhich  these  various  figures  apply,  and  the  Avide 
disci'epancies  in  them,  render  them  of  little  A-alue.  Still,  here  and  there 
a useful  comparison  may  be  made  Avith  other  statistics. 

In  Germany,  and,  according  to  Leuckart,  in  the  central  and  northern 
parts  especially,  the  disease  is  not  infrequent;  Mecklenburg  and  Pomerania 
are  declared  by  other  German  Avriters  (30)  to  be  the  provinces  Avhere  the 
hydatidose  form  is  esjAecially  prevalent.  From  recent  Avritings  it  appears 
to  be  fairly  common  in  European  Jlussia,  Avhere  it  is  stated  to  occur  con- 
currently Avith  the  ah’eolar  form.  So  also  it  is  found,  Avith  probably  less 
frequency,  in  France,  Austria  (some  parts),  and  Italy : it  is  stated  to  be 
common  in  Turkey,  a country  noted  for  the  number  of  uncared-for  dogs. 
In  Switzerland,  as  Ave  shall  sheAv,  it  is  the  alveolar  form  Avliich  is 
prevalent. 

Asia. — The  disease  is  said  to  be  not  infreqi;ent  in  the  Cancasian 
Province.  In  British  India  it  is  rare,  and  particularly  so  amongst  the 
indigenous  inhabitants.  In  the  Philippine  Islands  Ave  have  it,  on  the 
authority  of  Dr.  R.  P.  Strong,  Supeilntendent  of  the  U.S.  Biological 
Laboratory,  Manila,  that  hydatids  are  almost  unknoAvn. 

In  China  hydatids  must  be  extremely  rare,  for  Ave  have  been 
informed  by  Mr.  James  Cantlie,  formerly  of  Hong  Kong,  that,  out  of 
upwards  of  40,000  cases  seen  by  him  in  that  country,  one  only  Avas  of 
this  nature  ; it  occiured  in  a European,  and  a]q)arently  Avas  not  of 
endemic  origin. 

In  North  America  the  disease  is  decidedly  nncommon ; up  t<j  July  1, 
1901,  Lyon  AA^as  only  able  to  record  241  cases  for  the  Avhole  of  the 
United  States  and  Canada,  and  several  of  these  occurred  amongst  the 
Icelanders  settled  in  Manitoba. 
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iiuuth  America. — In  the  Arfientine  Eejmblic  hydatids  must  be  rather 
common,  for  Vegas  and  Cranwell  report  9 1 0 cases  occurring  in  the  pro- 
vinces of  Ihicnos  Ayres  and  Rosario  only,  during  tlie  twenty-five  years 
ended  1900.  These  writers  also  state  that  40  per  cent  of  the  cattle 
and  sheep  are  affected,  and  GO  per  cent  of  the  pigs. 

Africa. — Hydatids  are  stated  to  be  not  uncommon  in  (29a)  and 

Ahjeria.  In  Natal  they  must  be  very  uncommon,  for,  in  sui-gical  and 
pathological  work  in  that  country,  extending  over  more  than  a year,  our 
colleague.  Professor  Watson,  saw  no  case  either  in  Eurojjeans  or  Kaffirs. 

From  Cape  Colon;/  a leading  medical  practitioner  (Di'.  Fuller),  who  had 
made  special  inquiries  on  the  subject,  informs  us  that  human  hydatids 
are  neither  common  nor  on  the  increase.  On  the  other  hand,  the  chief 
veterinary  surgeon  writes  that  in  sheep  and  cattle  they  are  fairly 
common,  and  that  he  has  met  with  them  several  times  in  indigenous 
ungulates. 

In  speaking  of  the  conditions  which  determine  the  prevalence  of 
hydatid  disease,  we  hinted  that,  of  the  domestic  animals  subject  to  these 
parasites,  the  sheep  should  be  regarded  as  the  predominant  factor 
whereby  the  stock  of  ttenia  in  the  dog  is  kept  up.  This  view  was  held 
by  ■Madelung  as  the  result  of  his  investigations  in  Mecklenburg,  and  an 
identical  opinion  is  expressed  by  Posselt  (53) ; both  these  writers  further 
state  that  the  fine-woolled  sheep,  such  as  the  Merino,  are  more  liable  to 
echinococcus  disease  that  the  coarse-woolled  varieties.  The  survey  of  the 
geographic  distribution  of  hydatid  disease,  and  particularly  as  regards 
Australia,  lends  support  to  this  opinion  so  far  as  it  implicates  sheep 
generally. 

In  all  these  countries  where  hydatids  are  notably  prevalent  we  find 
sheep  in  large  numbers  relatively  to  other  stock.  This  is  the  case  in 
Iceland  and  in  the  German  provinces  of  Mecklenburg  and  Pomerania, 
where  the  disease  is  commoti.’^  Australia,  which  has  always  been  noted 
ill  this  respect,  and  the  Argentine  Republic,  which  appears  likely  to 
acquire  a similar  reputation,  are,  no  doubt,  noted  for  the  extensive 
development  of  both  the  sheep  and  cattle  industries.  But  if  we  examine 
the  distribution  of  hydatids  in  the  former  of  these  countries,  treating  it  as 
a whole,  we  find  that  the  great  majority  of  cases  come  from  the  southern 
and  easteiai  districts,  where  the  sheep  largely  predominate,  while  in  the 
northern  regions,  where  cattle- I’aising  is  the  principal  pastoral  punsuit, 
almost  to  the  exclusion  of  sheep,  the  disease  is  either  absent  or  very 
rare.  We  are  unable  to  speak  of  any  similar  localised  distribution  in  the 
case  of  Argentina,  and,  unfortunately,  Vegas  and  Cranwell,  in  their 
recent  work,  do  not  discriminate  between  the  number  of  sheep  and  large 
cattle  affected.  Nevertheless,  it  is  the  case  that  the  country  contains  an 
immense  number  of  sheep. 

On  the  other  hand,  hydatids  are,  as  has  been  stated,  rare  in  Natal, 
where  the  number  of  cattle  is  large  in  proportion  to  the  sheep,  and  the 

* S])e.aking  of  the  lir.st  named  of  these  localities,  Hjaltalin  estimated  that  evidence.s  of 
hydatids  were  to  he  found  in  every  fifth  sheeji. 
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same  liolds  good  for  India  and  the  i’hilii){)ine  Islands.  We  nin.st  note 
also  that  the  hydatidose  variety  of  echinococcus  is  veiy  rare  in  those 
European  regions  comprising  Switzerland,  parts  of  South  Germany,  and 
the  Austrian  Alpine  regions,  where  the  alveolar  form  jncvails  and  the 
cattle-rearing  industry  almost  exclusively  exists. 

.fVpart  from  the  numerical  influence  of  sheep  in  furinshing  the  supply 
of  bladder-worms,  there  is,  no  doubt,  a co-operative  factor  in  the  circum- 
stance that,  as  a rule,  the  tending  and  cai'e  of  sheep  involves  the  use  ami 
as.sistance  of  dogs  to  a much  greater  extent  than  tloes  cattle-rearing,  and 
thus  the  two  necessary  factors  for  the  spread  of  the  disease  are,  in  the 
former  case,  brought  into  close  conjunction. 

Age  markedly  affects  the  incidence ; for,  though  the  disease  has 
been  met  with  in  a child  two  years  and  one  n)onth  old,  and  in  a man  of 
eighty-one,  the  mortality  from  hydatids  in  the  Australian  colonies,  com- 
pared with  that  from  all  diseases,  rises  continuall}’  through  each  decade 
of  life  till  fifty  years  of  age,  and  then  gradually  falls  again. 

Sex. — Out  of  returns  covering  2.'i07  cases  of  hydatid  disease 
occurring  in  Australia  in  which  the  sex  was  clearly  indicated,  1300 
were  males  and  1007  females — a ratio  of  100  to  77  (returns  to  1894 
inclusive).  This  increased  liability  of  males  is  probably  the  rule ; and 
is,  no  doubt,  due  to  the  occupations  of  men,  and  their  pi’edominance  in 
numbers  over  the  opposite  sex  in  regions  where  the  conditions  arc 
most  favourable  to  the  existence  of  the  disease.  Still,  an  exception 
appears  to  exist  in  the  case  of  Iceland,  where  it  has  been  stated  that 
more  than  twice  as  many  women  as  men  have  the  disease.  In  Iceland 
the  habits  of  life  of  the  people  are  such  as  to  expose  women  more  to 
infection. 

Pathological  Anatomy. — The  general  features  and  varieties  of 
hydatid  cysts  have  been  briefly  indicated  in  the  account  of  the  life- 
history  and  development  of  the  parasite.  In  this  section  it  is  pi'oposed 
to  add  a few  details. 

It  is  generally  admitted  that,  for  hydatidose  echinococci,  there  is 
only  one  true  larval  species,  and  that  the  special  characters  of  the 
surrounding  tissues,  in  which  the  hexacanth  embryo  has  come  to  rest, 
exert  a determining  influence  on  its  further  development  in  respect  of 
its  size,  shape,  and  mode  of  reproduction  ; *oi',  in  other  words,  on  the 
special  charactei's  which  it  assumes. 

In  man  the  most  ixsual  form  is  that  of  a mono-cyst  develo])ed  from 
a single  embryo ; a plurality  of  such  cysts  often  coexists  in  the  same 
individual,  or  even  in  the  .same  viscus  (multiple  hydatids) ; and  is 
referable  to  separate  and  not  necessarily  simultaneous  parasitic  invasions. 
In  man  such  cysts  often  attain  an  enormous  .size,  and,  as  we  have  shewn, 
may  give  rise  to  a numerous  progeny  of  daughter  or  even  gi-and-dnughtei' 
bladders  situated  internally. 

'I'he  less  common  form  is  that  in  Avhich  the  original  cyst,  resulting 
from  a single  embryo,  by  repeated  external  proliferation  produces  a 
more  or  less  compact  cluster  of  vesicles,  which  are  always  comparatively 
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small,  and  often  very  minute  ; in  the  multitude  of  these  the  identity  of 
the  parent  cyst  may  be  lost. 

The  Adventitious  Cajjsule. — An  aseptic  foreign  body  embedded  in  an 
organ  excites  by  its  presence  a cell  - proliferation  in  the  surrounding 
connective  tissue ; the  presence  of  a similarly  situated  parasitic  cyst 
evokes  a like  response.  We  must,  hoAvever,  note  that  there  is  this 
dift'erence  between  the  two  cases : while  the  physiological  eftorts  of  the 
tissues  are  directed  towards  the  expulsion,  disintegration,  or  encapsula- 
tion of  the  ordinary  foreign  body,  the  presence  of  the  unbidden  living 
guest  is  borne  with  tolerance,  the  relationship  between  host  and  parasite 
being,  as  we  have  said,  one  of  symbiosis.  In  this  the  adventitious  capsule 
is  the  immediate  source  from  which  the  latter  draws  its  nutrient  supplies. 
The  pressure  induced  by  its  continuous  expansion,  however,  calls  into 
existence  an  opposing  factor  which  antagonises  the  tendency  to  cell- 
proliferation  ; and,  by  a maintenance  of  ecpxilibi'ium  between  irritative 
hyperplasia  and  pressure-atrophy,  the  capacity  of  the  capsule  increases 
step  by  step  with  that  of  the  essential  cyst.  Nevertheless  it  must  be 
admitted  that  in  certain  cases  all  signs  of  irritative  hyperplasia  are 
absent;  and  that  as  an  aseptically  detached  appendix  epiploica  some- 
times excites  no  reaction  in  the  peritoneal  cavity  into  which  it  falls,  so 
an  echinococcus  vesicle  whieh  has  escaped  from  elsewhere  may  remain 
naked  and  free. 

Again,  in  the  exogenously  developed  cysts  which  affect  the  bones, 
the  adventitious  capsule  may  be,  and  indeed  usually  is,  represented  by 
no  more  than  an  extremely  attenuated  endosteal  membrane.  So,  also, 
in  the  brain  where  a similar  type  occurs  the  cysts,  if  they  lie,  as  they 
sometimes  do,  free  in  the  ventricles,  have  xio  other  adventitia  than  the 
ependyma  of  the  cavities,  or,  if  in  the  substance  of  the  brain,  than  an 
extremely  thin  layer  of  the  very  slightly  altered  nervous  tissxie.  It  has 
also  been  noticed  that  the  adventitious  capsule  of  hydatids  Ijdng  in  the 
intennuscular  planes  of  veiy  mobile  and  greatly  used  parts  is  of  such 
tenuity  that  it  may  easily  be  overlooked.  On  the  other  hand,  in  moi'e 
exposed  situations  it  may  attain  a considerable  thickness. 

In  structure  the  adventitious  sac  is,  in  juvenile  cysts,  both  cellular 
and  vascular.  In  older  living  cy.sts  it  is  formed  of  fibres  and  flattened 
cells  shewing  a stratified  arrangement,  which,  as  the  inner  surface  is 
approached,  become  fused,  condensed,  and  more  or  less  destitute  of 
cellular  elements.  The  inner  face  of  a healthy  young  sac,  while  it  is 
still  growing,  is  smooth  and  of  a faint  pink  colour,  though  like  serous 
membranes  it  is  liable  to  both  pyogenetic  and  non-pyogenetic  inflamma- 
tion, but  we  have  not  been  able  to  satisfy  ourselves  of  the  existence  of  the 
alleged  internal  cellular  layer;  in  thick-walled  (old)  capsules  there  is  a 
pale  ochreous  deposit  adherent  to  its  inner  surface.  8o  also,  though  in 
young  cysts  a certain  amount  of  vascularity  may  be  noticed,  we  have 
not,  in  a large  series  of  cases,  observed  the  varicose  condition  of  the 
capsular  vessels  which  has  been  said  to  give  rise  to  dangerous  bleeding  after 
removal  of  the  essential  cyst.  Indeed  we  have  no  experience  of  this  event. 
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The  shape  of  the  sac,  to  which  that  of  the  enclosed  parasite  corre- 
sponds in  virtne  of  the  internal  j)ressnre  to  which  it  is  subject,  tends  to 
assume  a spheroidal  form ; when,  however,  its  uniform  expansion  is 
interfered  with  by  inequalities  in  the  density  of  the  surrounding  tissues, 
it  acquires  a more  or  less  irregularly  sacculated  shape.  If  the  mutual 
pressure  of  adjacent  parasites  upset  the  ecpiilibrium  between  hyper- 
plasia and  atrophy  in  the  intervening  partitions,  the  sacs  coalesce  into  a 
compound  sacculated  capsule  in  which  a separate  parasite  occupies  each 
pouch.  hen  the  unequal  resistance  of  surrounding  parts  is  supple- 

mented b}^  a special  inherent  tendency  of  the  parasite  to  grow  in  eei  tain 
directions,  a compound  sacculation,  extending  even  to  separation,  ensues. 

Extra -cajmilar  Effects  of  the  Groidh  of  the  Parasite. — The  connective 
tissue  of  the  affected  viscus  survives  the  more  highly  organised  paren- 
chymatous elements,  such  as  the  liver-cells;  but  in  the  uninvaded 
j)arts  the  latter  undergo  a compensatory  hypertrophy,  and  whenever 
this  is  observed  in  one  i^art  of  an  organ  it  should  nevei-  fail  to  exeite 
susj)icion  of  the  presence  of  a parasite  in  another.  When  the  groAving 
parasite  comes  to  abut  on  the  serous  capsule  of  the  viscus  a fusion  of  its 
own  adventitia  with  the  latter  takes  place,  and  the  combined  structure 
may,  as  is  usual  in  lung  hydatids,  become  further  adherent  to  adjacent 
serous  surfaces,  but  it  is  remarkable  that  in  hydatids  in  the  abdomen, 
even  though  very  large,  such  adherence  may  never  occur  unless  there 
has  been  some  surgical  operation  or  traumatism. 

Eegcnerative  Changes  in  the  Capstde. — With  increasing  age  the  ach'en- 
titious  sac  is  apt  to  undergo  degenerative  changes  ; these  may  be  of  an 
aseptic  character,  such  as  sclerosis  or  even  calcification,  due  to  the 
deposition  of  lime  salts — phosphate  and  carbonate ; or  the  latter  con- 
dition may  lead  to  the  formation  of  foci  of  a degraded  kind  of  bone. 
Usually  these  changes  do  not  afiect  the  capsule  uniformly,  but  occur  in 
patches  of  varying  size,  and  may  lead  to  enormous  thickening.  In  a 
case  of  splenic  hydatid  at  the  Adelaide  Hospital  this  calcareous  and,  to 
some  extent,  osseous  transformation  had  proceeded  to  such  a degree  that 
the  use  of  a small  saw  was  necessary  to  effect  an  opening. 

Again,  changes  of  a septic  character  may  take  place,  eithei- 
spontaneously  from  unexplained  causes,  or  as  the  result  of  surgical 
interference.  Thus,  Ave  may  have  suppuration,  ulceration,  putrefaction 
Avith  evolution  of  gas,  and  even  gangrene. 

Being  a produet  of  the  connective  tissue  of  the  host  the  capside  may 
be  iiiA^aded  by  ])athological  changes  affecting  the  viscus  in  Avhich  the 
parasite  is  embedded ; in  this  Avay  it  has  been  affected  by  carcinomatous 
and  lardaceous  disease. 

The  Echinococcus  Bladder. — The  structure  of  this  organism  has  already 
been  described.  The  lamination  of  the  elastic  cuticle,  or  ectocyst,  a 
cbaivicteristic  feature  of  the  bladder-Avorm  even  at  a very  early  stage, 
becomes  Avith  increased  age  still  more  conspicuous  by  the  formation  of 
fresh  layers ; till,  in  the  mother  cyst,  it  may  reach  a considerable 
though  not  necessarily  a uniform  thickness.  So  characteristic,  indeed. 
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of  hydatid  cysts  is  this  structure  that,  in  the  absence  of  all  other  definite  4 

products,  the  discoveiy  of  a minute  fragment,  which  may  be  obtained  by  1 

the  hypodermic  needle,  renders  the  diagnosis  absolutely  certain.  ■ 

The  fluid  which  occupies  the  intei’ior  of  normal  living  hydatid  I 

bladders  and  keeps  their  walls  at  a considerable  degree  of  tension,  is  I 

clear,  limpid,  and  transparent,  sometimes  shewing  a faint  opalescence  by  f 

transmitted  light.  The  specific  gravity  ranges  round  1010  and  the 
reaction  is  usually  neutral,  though  it  may  incline  to  alkalinity  or  even, 
it  is  stated,  to  acidity.  It  contains  about  98 "5  per  cent  of  water  and, 
of  the  solid  constituents,  about  one-half  is  chloride  of  sodium ; hence  it 
gives  a plentiful  precipitate  with  silver  nitrate.  In  the  remaining  solid 
matter  there  may  be  present  traces  of  dextrose  even  in  cysts  situated 
elsewhere  than  in  the  liver,  cholesterin,  haematoidin,  succinic  acid  (in 
combination  with  sodium  and  calcium),  leucin,  and  tyrosin.  Albumin 
exists  in  such  minute  quantities  or  in  such  a form  that  it  is  not  pre- 
cqjitated  by  heat  and  nitric  acid,  but  notwithstanding  the  fluid  is  veiy 
readily  putrescible.  In  djdng  or  dead  cysts,  however,  the  fluid  may 
become  albuminous.  In  cysts  of  the  kidney  there  have  been  found 
products  referable  to  the  urinary  constituents,  such  as  urea,  uric  acid 
salts,  and  triple  phosphate,  and  in  this  connexion  we  may  remember 
that  all  the  materials  of  the  parasite  must  have  been  derived  from  those  1 

of  its  host.  Lastly,  it  is  to  be  noted  that  hydatid  fluid  contains  a | 

varying  amount  of  some  poisonous  substance,  originally  described  as  a • 

ptomaine,  but  which  we  may  now  doubtless  call  a toxin.  This,  when 
injected  into  animals,  has  been  shewn  to  act  as  a cardiac  poison,  producing  , 
diastolic  standstill,  lowering  of  blood-pressure  and  temperature,  as  well  ( 
as  other  symptoms.  Absorption  of  a small  dose  of  this  poison  is  no  * 

doubt  responsible  for  the  urticai'ia  that  has  so  frequently  been  observed  ^ 

to  follow  the  escape  of  hydatid  fluid  into  serous  cavities.  The  ' 

absorption  of  a larger  quantity  will  similarly  explain  the  peritonitis  and  | 

the  severe  cardiac  symptoms,  leading  sometimes  to  fatal  collapse,  that  ^ 

have  also  occurred  with  a frequency  sufficient  to  serve  as  a warning  | 

against  any  unnecessary  proceedings — even  against  so  apparently  trivial 
a step  as  aspiratory  puncture — that  may  lead  to  the  escape  of  this  fluid, 
and  possibly  to  its  direct  entrance  into  a vein.  We  shall  speak  elsewhere 
of  the  further  risk  due  to  the  dissemination  of  Iwood-capsules,  scolices,  or  , 
daughter  bladders.  • 

Chitin  is  the  chief  constituent  of  the  external  laminated  enveloping  ' 

capsule,  though  it  is  said  to  differ  slightly  from  the  ordinary  chitin  of  j. 

invertebrates,  and  also  to  vaiy  in  composition  with  the  age  of  the  cyst  ■ 

(Leuckart).  i 

In  the  contents  of  dead  or  dying  cysts  there  may  be  serum,  bile,  or  1 

blood.  The  wthdrawal  of  a transparent  fluid,  therefore,  which  yields  to  ] 

the  ordinaiy  tests  no  allmmin,  or  but  a trace,  and  gives  a copious  pre-  = 

cipitate  with  argentic  nitrate,  affords  strong  evidence  of  its  derivation 
from  a hydatid  cyst ; but,  as  elsewhere  stated,  on  account  of  the  identical 
appearance  and  reactions  of  some  other  normal  or  ])athological  fluids  of  < 


HVDAT/D  DISEASE 


tool 


the  body,  iibsolute  reliance  cannot,  in  certain  cases,  be  ))laced  upon  these 
tests  alone;  and  the  detection  of  one  or  other  of  the  biological  products 
then  becomes  the  only  certain  means  of  detei-mining  the  parasitic  nature 
of  the  tumour.  Sometimes  these  are  not  forthcomiim. 

Caiitirs  of  Sponfitnmis  Lkaih. — Dead  hydatids  are  found  more  fre([uently 
in  the  liver  than  in  other  parts,  l.)oth  because  tin;  liver  is  the  most 
frecpiently  affected  viscns,  and  because  spontaneous  evacuation  per  vian 
naturales  is  less  easily  effected  than  in  viscera  such  as  the  lung  and  kidney.  ‘ 
Echinococcus  cysts  may  die  at  any  stage  of  their  e.xistence ; and  it  is 
possible  that,  like  other  living  things,  they  die  on  attaining  a certain 
age.  That  this  may  be  considerable  is  shewn  by  a case  that  came  under 
our  notice,  where  a living  hydatid  in  the  subcutaneous  tissue  had  per- 
sisted for  twenty-two  years,  having  been  taken  during  that  period  for  a 
sebaceous  tumour ; there  are  cases  of  even  longer  duration  on  record. 
As  a rule,  however,  disturbances  of  the  obscure  relations  existing  between 
the  parasite  and  the  tissues  of  their  host  anticipate  the  natural  term  of 
their  life. 

Several  hypotheses  as  to  the  possible  causes  of  natural  death,  all 
more  or  less  unsatisfactory,  have  been  suggested.  It  is  said,  for  instance, 
that  malnutrition,  induced  by  diminished  blood-supply,  entails  an  aseptic 
death  of  the  parasite ; more  especially  Avhen  the  latter  has  taken  up  its 
abode  in  the  peripheral  portions  of  an  organ  where  the  blood-supply  is 
necessarily'  poorest. 

Irruptions  and  transudations  of  the  noi'inal  fluids  of  the  body,  such 
as  blood,  serum,  bile  or  urine,  are  adduced  as  mechanical  and  toxic 
causes  of  death.  Of  these  there  caii  be  no  question  as  to  the  deleterious 
action  of  bile,  and  in  our  experience  all  dead  cysts  of  the  liver  contain  it 
or  its  derivatives. 

Static  shrinkage  of  the  capsule,  inordinate  growth  of  an  internal 
brood,  are  said  to  lead  to  a di.spro])ortion  between  the  carrying  capacity 
of  the  capsule  and  the  contained  pai’asite,  which  is  iTiimical  to  its  further 
development. 

Wh  atever  the  causes  of  death,  however,  it  is  j^ossible  that  they  may 
be  local  rather  than  general,  as  the  same  individual  may  be  the  subject 
of  both  dead  and  living  hyxlatids ; even  in  the  .same  viscns  there  may 
be  cysts  in  widely'  different  stages  of  degeneration,  indicating  death  at 
different  periods.  Due  weight  must  also  be  assigned  to  the  suggestion 
that  oft-repeated  or  long-applied  traumatism,  such  as  the  continuous 
riding  on  horseback  of  stockmen,  or  perhaps,  again,  the  toxic  efl'ccts  of 
the  continuous  use  of  noxious  fluids  as  beverages,  may  eventually  ])rove 
fatal  to  the  life  of  the  parasite.  Probably'  amongst  these  latter  must  be 
included  the  inordinately'  strong,  and  often  decocted,  tea  which  the 
Australian  bushman  drinks  so  often  and  so  copiously. 

The  effects  of  rupture  of  hydatid  cysts  into  various  cavities  and  passages 


’ Out  of  thirty-si.\  c.ases  which,  on  autopsy  at  the  Adelaide  Hospital,  were  found  aflecte<l 
with  hydatid  disea.se  of  the  liver,  ten  were  the  subject  of  retrogressing  cysts  th.at  had  not 
been  su.spected  during  life. 
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of  the  l)ody,  or  even  externally,  will  be  described  in  the  clinical  section. 
They  lead  sometimes  to  spontaneous  elimination  of  the  parasite  and  a 
consequent  relief  of  the  host;  but  more  often  to  iirgent  symptoms 
which  recjuire  prompt  surgical  interference.  Rupture  of  a healthy 
bladder  may  result  from  undue  compression  or  other  violence ; or 
from  pressure  - atrophy,  due  to  expansion  of  the  cyst,  the  thinned 
intervening  tissues  giving  way  at  the  weakest  spot ; but  most  frequently 
it  is  the  consequence  of  localised  ulcerative  changes  in  suppurating 


cysts. 

Jhldatid  cysts  that  die  and  undergo  spontaneous  retrogression  become  the 
subjects  of  a very  constant  series  of  degenerative  changes,  which  may  be 
described  in  the  following  stages  ; — 

1.  Stage  of  Turbidity. — The  fluid  of  the  mother  cyst  becomes  turbid 
from  the  precipitation  of  the  albumins  of  the  nutritive  ijabulum,  which 
being  no  longer  absorbed  and  metabolised  by  the  dying  or  dead  parasite, 
are  suspended  in  the  fluid,  causing  it  to  become  albuminous.  A similar 
transudation  of  serous  fluid  and  refilling  of  the  sac,  or  possibly  of  the 
cyst  itself,  may  take  place  after  tapping.  Thus  far  there  are  no  changes 
in  the  adventitious  sac,  and  the  contents  of  the  daughter  cysts  are  still 
deal'. 


Fatty  Stage. — These  precipitated  proteids  are  converted  into  fatty 

substances  resulting  in  still  greater 
turbidity  of  the  fluid ; at  a later  period 
the  liquid  contents  may  assume  the 
consistency  of  a butter-like  smegma.  The 
mother  cyst  acquires  a gelatinous  or 
gummy  aspect,  and  from  shrinkage  in 
size  is  thrown  into  folds  (see  Fig.  228) ; 
the  daughter  cysts  also  shrink,  and  their 
contents  in  turn  become  turbid.  Though 
the  daughter  cysts  undergo  precisely  the 


Fio.  2-Js.— Section  r>r  retrogressing  human 
hydatid  (from  Ijiver).  Inside  tlie 
siminken  adventitions  cajjsule  is  the 
cnlliipsed  and  crnmiiled  Eohinococcns 
liladder.  vviiicti  has  assumed  a gummy 
condition.  The  contents  have  become 
convei-ted  into  a caseous,  bile-stained 
mass,  i’liotograiili,  half  tlie  natural 
size. 
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3.  Stage  of  Desiccation.  — There  is 
complete  opacity  and  marked  desic- 
cation of  the  contents,  which  are  represented  by  a putty-like  mass. 

1 )egeneration  has  proceeded  in  the  mother  cyst,  which  has  now  become 
a mass  of  gelatiniform  shreds  not  yet  completely  opaque.  The  fatty 
transformation  has  extended  to  the  production  of  crystals  such  as  of 
stearin  and  cholesterin,  and  less  frequently  of  other  crystalline  forms  of 
obscure  nature  and  uncertain  composition  ; among  these  Charcot’s  crystals 
may  be  mentioned. 

4.  Stage  of  Calcareous  Infiltration. — Infiltration  of  lime  salts — carbonate 
and  ])hosphate — which  has  previously  begun  in  the  adventitious  capsule, 
becomes  general  in  the  whole  mass.  We  have  also  seen  in  the  calcifving 
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capsule  patches  of  a very  degraded  form  of  bone.  The  putty-like  sub- 
stance slowly  disappears  with  a corresponding  shrinkage,  and  the  pai-asite 
is  now  represented  by  a senii-calcareons  mass  in  which  are  embedded  the 
shrivelled  and  opaque  remains  of  the  mother  and  brood. 

In  a further  stage,  seldom  reached,  even  these  membranous  debris 
may  lose  their  identity,  the  booklets  only  remaining  to  indicate  the  true 
nature  of  the  now  wholly  calcareous  mass. 

Presence  of  Bilirubin. — In  a certain  number  of  cases  of  liver  hydatids 
the  mother  cyst,  its  liquid  contents,  and — at  a later  stage — the  daughter 
cj'sts  also,  may  become  stained  a green  or  orange  colour  from  irruption 
or  transudation  of  bile,  which  most  frequently  takes  place  between  the 
adventitia  and  the  mother  cyst,  though  it  may  involve  the  latter.  When 
this  is  in  excess  it  may  give  rise  to  the  presence  of  amorphous  masses  of 
biliary  matter  or  of  bilirubin  crystals,  to  which  j^i’oduct  attention  was 
first  called  by  Bristowe  in  1853  under  the  name  of  hrematoid  crystals. 
In  one  case — an  enormous  cyst  of  the  liver  which  had  begun  to  suppurate 
— we  found  a mass  of  crystalline  bilirubin,  with  traces  of  biliverdin, 
weighing  b‘l 3 gramme:  many  of  the  daughter  cysts  were  stained  with 
a similar  material.  So  far  as  we  are  aware,  this  substance  has  not  been 
found  in  cysts  other  than  those  of  the  liver,  a fact  which  indicates  its 
biliary  origin ; furthei-,  in  our  experience,  it  occurs  only  in  those  cases 
where  the  parasite  is  dead. 

Pcqnllomato'us  Growths  in  Hydatid  Bladders. — Besides  the  above  series 
of  changes,  which  constitute  what  may  be  called  the  usual  pathological 
sequences  of  spontaneous  death,  various  observers  have  noticed,  pro- 
jecting from  the  inner  wall  of  cysts,  otherwise  apparently  normal  and 
containing  large  broods,  peculiar  raised  papilloma  - like  excrescences, 
which  occur  in  scattered  patches  of  over  an  inch  in  diameter  and  of 
'1  mm.  or  more  in  height.  Microscopically  they  consist  of  hypertrophic 
ingrowths,  rather  than  infoldings,  of  the  cuticle ; and  in  one  case  they 
contained  small  daughter  cysts  with  relatively  thick  walls.  AVe  have 
observed  these  papilloraa-like  growths  in  cysts  ’which  were  diagnosed  as 
belonging  to  the  lung,  liver,  and  spleen.  Probably  they  represent  abortive 
efforts  at  endogenous  proliferation ; a parallel  condition  is  seen  in  the 
papillomatous  overgrowths  of  the  nacreous  layer  of  pearl-shells,  which 
produce  a localised,  sessile  pearl  formation.  In  some  of  these  cases 
])atches  of  the  mother  cyst  were  gelatiniform  and  of  a transparent 
amber  colour,  as  if  vitality  were  lost  and  degeneration  about  to  become 
general. 

Absence  of  Mother  Cyst. — Hydatids  occasionally  occur,  in  which,  with 
every  appearance  of  endogenous  development,  the  mother  cyst  would 
seem  to  have  entirely  disappeared,  yet,  generally  in  such  cases,  traces  of 
this  structure  may  be  discovered  in  the  shape  of  gelatinous  shreds  which 
still  shew  their  characteristic  laminated  structure.  It  is  difficult  to 
understand  by  what  processes  so  substantial  a membrane  can  be  so 
extensively  absorbed,  macerated,  or  dissolved ; yet  this  seems  the  onl}* 
kind  of  explanation  that  can  be  offered.  Such  an  example  was  an 
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enormous  hydatid  in  the  liver  of  a male  subject,  the  contents  of  which 
measured  20  pints.  On  a calculation,  based  on  an  enumeration  of  the 
daughter  cysts  in  a measured  quantity,  the  total  numbei’  of  these 
exceeded  28,000  ; and  this  figure  did  not  include  thousands  that  were 
too  small  to  be  counted  with  the  naked  eye.  Suppuration  had  not  long 
commenced,  but  barely  a shred  of  mother  cyst  could  be  detected.  It  was  in 
this  case  that  the  aforesaid  crystalline  mass  of  bilirubin  was  found.  The 
man  recovered  after  incision  and  evacuation,  and  about  three  years  after- 
wards was  again  successfully  operated  on,  in  a similar  manner,  for  another 
large  hepatic  suppurating  cyst,  containing  five  joints,  which  presented  no 
unusual  features.  Xo  doubt  the  second  cyst  existed  at  the  time  of  the 
first  operation. 

The.  unequal  distribution  of  hydatids  in  the  various  viscera  requires  a short 
discussion  of  the  circumstances  which  determine  the  ultimate  destination 
of  the  Avandering  embryos.  The  consjDicuous  preponderance  of  liver 
cysts  is  attributed  to  a passive  transportation  of  these  embryos  by  the 
blood  of  the  portal  vein.  The  high,  but  relatively  lower  frequency  of 
pulmonary  hydatids  is,  on  the  same  hypothesis  of  vascular  transportation, 
generally  ex^^lained  l)y  the  fact  that  the  travelling  embryos  can  only 
reach  the  lungs  after  traversing  the  portal  capillaries ; and  the  still  less 
frequent  presence  of  the  parasite  in  other  organs  finds  a .similai’  explana- 
tion in  the  fact  that  the  embryos  on  theii’  Avay  must  traA'^erse  both  the 
])ortal  and  pulmonary  circulations. 

It  is  difficult,  hoAveA'er,  on  this  hypothesis  to  account  for  the  com- 
parative frequency  Avith  Avhich  multiple  peritoneal  and  omental  cysts  are 
found  ; for  Ave  must  then  believe  that  these  cases  OAve  their  origin  to  an 
arterial  embolic  shoAver  of  embryos  Avhich  have  successfully  traversed  the 
tAvo  capillary  obstructions  of  the  liA^er  and  lungs — unless  Ave  may  suppose 
that  they  either  AA-^ork  their  AA'ay  into  the  omental  arterioles  or  enter  the 
radicles  of  the  omental  veins,  in  Avhich  latter  case  they  Avould  have  to 
reach  their  destination  against  the  A^enous  blood  current.  Noav  it  often 
happens  that  the  lungs  have  entirely  escaped  invasion,  Avhile  a multi- 
tudinous cystic  development  is  in  progress  in  the  peritoneum  and 
omentum,  an  event  Avhich  AA’^ould  not  be  probable  if  the  embiyonic 
SAvarm  had  passed  through  the  lungs.  To  account  for  such  a multiple 
dissemination  three  possible  explanations  present  themselves;  aa'c  may 
.suppose  (i.)  that  it  is  possible  for  embryos,  after  having  traversed  the 
stomach,  to  reach  the  peritoneal  cavity  ly  gravitation  or  otherAvise,  there 
to  develop  into  cysts  Avhich  acquire  their  capsules  b}'’  exudation  from  this 
membrane,  and  doxdjtless  multipl}^  by  exogenous  proliferation  ; or  (ii.)  a 
shoAver  of  e.scaped  and  minute  daughter  cysts  has  become  engrafted  on 
to  the  peritoneal  surface;  or  (iii.)  liberated  scolices  may  themselves 
develop  into  cysts.  While  aa’c  can  neither  affirm  nor  deny  the  possi- 
bility of  the  first  alternative,  Ave  are  convinced  of  the  occurrence  of 
one  or  other  or,  possil>ly,  of  both  the  latter  methods  of  dissemination. 
The  cases  coming  under  OAxr  notice  that  strongly  support  such  a vieAV 
are  of  this  nature — a A'isceral  hydatid  has  been  operated  upon  in  a Avay 
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that  has  permitted  some  escape  of  hydatid  fiuiil  u])on  the  surfaces  of  the 
wound.  Within  a period  varying  from  a few  months  to  two  or  three 
years  a crop  of  small  bladders  has  developed  in  the  connective  tissue 
adjacent  to  the  incision,  or  even  in  the  scar  itself.  No  other  explana- 
tion seems  possible  than  that  either  cysts,  so  minute  that  they  have 
escaped  observation,  or  scolices,  or  it  may  be  l)rood  - capsules,  have 
become  transplanted  in  the  tissue,  where  they  have  nndei'gone  snbse(inent 
development.  And  if  dissemination  and  transplantation  occur  in  this 
way,  there  can  be  no  reason  to  doubt  this  sequence  when  the  daughter 
brood  (or  scolices)  are  liberated  in  the  peritoneal  cavity;  indeed,  in  su})port 
of  the  possibility  of  such  an  occurrence  may  be  adduced  the  cases,  not 
unfrecpiently  met  'with,  in  which  the  peritoneum  and  peritoneal  surfaces 
of  the  abdominal  organs,  often  in  the  most  dependeiit  positions,  have 
been  found  studded  with  innumerable  small  cysts  of  such  uniform  size  as 
to  suggest  a sudden  and  simultaneous  invasion  in  this  manner.  In  some 
of  these  cases  there  had  been  antecedent  tapping.  It  is  noteworthy, 
however,  that  the  peritoneum  does  not  always  respond  to  the  presence 
of  the  parasite  in  the  same  active  manner,  for  the  bladders  ma\-  fail  to 
acquire  any  adventitia,  and  thus  remain  entirely  nude  and  free  in  the 
peritoneal  cavity.  Indeed,  when  we  review  the  facts  of  distribution  of 
this  and  allied  parasites,  as  well  as  the  failure  to  account  for  them  satis- 
factorily by  vascidar  transportation  or  other  passive  migration,  we  are 
disjwsed  to  lay  the  greater  stress  on  a selective  affinity,  which  seems  to 
lead  the  parasite  to  certain  situations.  A like  phenomenon  is  a special 
disposition,  possessed  by  certain  nude  hydatids,  to  eidarge  independently 
of  the  plane  of  least  resistance,  or  even  in  direct  opposition  to  it.  In 
this  way  cerebral  hydatids  may  perforate  the  bony  cranial  vault — an 
event  paralleled  in  the  behaviour  of  the  coenurus,  which  in  a similar 
way  perforates  the  skull  of  sheep,  and  so  offers  facilities  for  cure  by 
puncture.  It  must,  however,  be  borne  in  mind  that  the  external  appear- 
ances of  a cerebral  hydatid  may  be  exactly  simulated  by  a parasite  of  the 
cranial  bones,  which  has  causetl  al)Sorption  and  thinning  of  their  substance. 

Even  in  the  case  of  the  liver  another  view  than  that  of  passive  trans- 
ference is  possible,  for  it  is  possible  that  the  embryos  may  bore  their 
way  directly  from  the  one  oi'gan  to  the  other. 

Although  there  is,  we  believe,  no  direct  experimental  evidence  in 
favour  of  the  view  that  scolices,  brood-capsules,  or  even  daughter  bladders 
may,  when  they  escape  from  a parent  cyst  into  a serous  cavity,  give 
rise  to  a crop  of  multiple  hydatids,^  yet,  when  we  remember  the  difficulties 
of  other  hypotheses  of  transit,  this  supposition  seems  reasonable  in  the 
light  of  those  cases  that  have  been  mentioned  of  multiple,  and  apparently 
simultaneous,  infection  of  the  peritoneum  and  of  wounds.  The  possilnlity 
of  such  an  occurrence  should  again  warn  us  against  any  unneces.sary 
proceedings,  such  as  tapping,  which  might  permit  the  escape  of  lluid.- 

' Namij-n  and  Rasinussfii  have  asserted  that  scolices  and  brood-capsnles  do  soinetiines 
change  into  hydatids  (25,  p.  634). 

- For  many  references  to  this  question,  see  Posseit  (53,  pp.  504  and  510). 
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In  concluding  this  section  we  might  mention  that  the  very  reasonable 
suggestion  has  been  made  by  more  than  one  writer,  and  supported  by 
some  evidence,  that  the  local  conditions  of  traumatism  may  be  favourable 
to  the  harbouring  and  development  of  these  parasites  not  only  by  pres 
ducing  a locus  minoris  resistcntice,  but  also  by  affording  a favourable  nutritive 
nidus  (cf.  8,  45). 

General  Clinical  Aspects  of  Hydatid  Disease 

Before  proceeding  to  describe  the  symptoms,  physical  signs,  diagnosis, 
and  treatment  of  hydatids  in  the  different  organs  of  the  body,  there  are 
certiiin  general  considerations,  applicable  to  hydatids  wherever  situated, 
which  may  be  advantageously  discussed. 

Symptoms. — In  conformity  with  the  comparatively  slow  growth  of 
the  parasite  the  surrounding  parts  usually  so  accommodate  themselves  to 
its  presence  that,  even  when  of  great  size,  it  may  occasion  surprisingly 
little  inconvenience.  There  may  be  a sense  of  fulness  and  weight,  and 
an  interference  with  certciin  movements  of  the  body.  Severe  pain  is 
accidental,  and  due  generally  to  irritation  of  a nerve -twig  by  the 
enlarging  capsule.  Sometimes  the  pain  is  inflammatory  in  character, 
as  when  a pulmonary  hydatid  approaches  the  pleura  and  excites  localised 
pleurisy,  or  an  hepatic  hydatid  a similar  peritonitis.  At  tijnes  a living 
hydatid  is  found  in  the  substance  of  a lung,  the  seat  of  lobar  pneumonia ; 
in  this  case  the  same  pain  and  other  symptoms  arise  as  in  ordinary 
pneumonia,  and  the  one  complaint  is  almost  certainly  only  an  accidental 
complication  of  the  other. 

Symptoms  due  to  interference  with  the  function  of  an  organ  in 
which  a hydatid  is  situated  vary  inversely  as  the  ability  of  the  organ  to 
expand.  If  the  organ  can  increase  in  size  step  by  stej)  with  the  growth 
of  the  parasite,  as  in  the  liver  or  spleen,  there  is  very  little  dcsti'uction 
of  tissue  in  its  neighbourhood  ; and  this  may  be  balanced  by  hypertrophy 
elsewhere : the  parenchyma  is  jjushed  aside,  and  so  sloudy  as  to  permit 
of  adaptation  to  its  new  conditions,  with  little  or  no  diminution  of  its 
function.  In  the  lung,  which  is  confined  within  moderately  resisting 
chest  walls,  as  tlie  parasite  enlarges  the  breathing  space  diminishes ; for 
the  lung  retracts  as  the  growth  relaxes  the  elastic  pulmonary  tissue. 
\\Tien,  however,  the  retraction  is  complete,  and  the  growth  begins  to 
exert  a distinct  pressure  on  the  chest  wall,  this  will  yield  l)efore  its 
advance,  and  bulge  so  considerably  that  the  diminution  of  lung  space  will 
be  less  than  the  increase  in  the  size  of  the  tumour.  AYhere,  as  in  the 
brain,  no  expansion  of  the  viscus  is  possible,  pressure  symptoms  soon 
arise,  though  even  here  marked  adaptation  may  take  place ; thus,  in 
children,  intracranial  hydatids  acquire  a much  greater  volume  without 
issuing  fatally  than  in  adults.  When  operated  on  they  have  been  found 
to  hold  more  than  a pint  of  fluid,  the  bones  of  the  skull  having  become  so 
widely  separated  at  their  sutures  as  to  allow  the  head  to  become  very 
voluminous ; or  the  bones  may  have  yielded  and  enlarged,  so  as  to 
produce  a very  noticeable  jjromincncc  over  a large  area. 
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After  a liydatid  cyst  has  been  punctured  for  purposes  of  diagnosis 
or  treatment,  an  urticarial  rash  often  follows  within  a short  time.  I’his 
is  usually  general,  and  lasts  for  a few  hours  or  one  or  two  days.  It  has 
also  been  noticed  after  the  rupture  of  a hydatid  cyst  into  one  of  the 
large  serous  cavities.  It  is  probably  occasioned  by  ab, sorption  into  tlie 
blood  of  a poisonous  substance  present  in  normal  hydatid  fluid.  So  also 
a form  of  localised  urticaria,  or  even  a mild  cellulitis  lasting  for  one  or 
two  days,  may  follow  escape  of  fluid  into  the  subcutaneous  tissue  after 
the  puncture  of  a superficial  cyst.  On  suppuration  of  the  adventitious 
capside  the  symptoms  are  those  of  a large  abscess  of  the  organ  infested 
by  the  parasite  ; sometimes  there  are  repeated  rigors,  local  pain  and  tender- 
ness, and  a continuous  increase  in  the  size  of  the  tumour  or  organ  manifest 
on  careful  examination.  Suppurating  hydatids  have  a marked  tendency 
to  rupture,  or  rather  to  open  into  neighbouring  cavities ; the  symptoms, 
in  these  circumstances,  vary  with  the  direction  of  the  rupture,  wliether 
into  a bronchus,  the  bowel,  the  peritoneum,  the  pericardium,  the  urinary 
passages,  or  elsewhere. 

Physical  Signs. — On  inspection  there  may  be  a slight  but  general 
bidging  of  the  part,  a mai-kedly  smooth  and  round  local  prominence,  oi' 
if  the  parasite  be  multiple,  a number  of  bosses  may  exist.  Should  a 
venous  trunk  be  compressed,  its  cutaneous  branches  Avill  be  visible  as 
dilated  vessels.  On  palpation  the  tumour  is  found  to  be  smooth  and 
fii'm,  sometimes  elastic ; in  other  cases  it  is  quite  hard,  as  though  solid. 
Fluctuation  can  seldom  be  detected  in  hydatid  tumours  ; this  is  due  to 
the  high  tension  inside  the  cysts.  On  percussion  they  are  absolutely  dull. 
In  a certain  proportion  of  cases  they  ydeld  a hydatid  thrill.  This  is  a 
peculiar  vibratory  sensation  perceived  by  the  finger  percussed,  and  when 
the  cyst  is  large  may  be  elicited  over  a considerable  area.  It  is  not, 
however,  always  present — in  fact  it  is  only’'  found  in  a small  minority'  of 
hydatids.  Moreover,  the  same  sign  may  be  recognised  in  other  cysts  not 
hydatids,  such  as  hydronephroses,  ovarian  and  mesenteric  tumours,  and 
even  in  ascites.  After  withdrawal  by  aspiration  of  part  of  its  contained 
fluid,  a thrill  has  been  obtained  over  a hydatid,  from  Avhich  it  was 
previously  absent.  Probably  for  its  production  the  cyst  must  be  of  a 
certain  magnitude,  its  contents  of  a certain  density,  its  wall  of  a certain 
thickness  and  tension,  and  its  attachment  to  surrounding  stiiictures 
definite.  These  associated  factors  are  more  frequently  found  in  hydatid 
cysts  than  in  any  others,  hence  the  sign  is  most  common  in  them  ; but 
even  in  them  they  arc  generally  absent,  and  hence  the  sign  is  unusnal. 
While,  therefore,  thrill  is  highly  suggestive  of  hydatid,  it  is  not  pathog- 
nomonic; nor  by  its  absence  is  the  hydatid  nature  of  a cyst  disj^roved. 

Diagnosis,  often  easy,  is  at  times  difficult,  or  even  im])ossible.  A 
rounded,  firm,  smooth,  elastic  tumour  in  an  organ  or  part,  free  from 
pain  and  tenderness,  without  antecedent  or  present  .symptoms  other  than 
those  due  to  its  size,  and  yielding  a thrill  on  percussion,  is  most  probably 
a hyMatid.  The  probability  is  increased  in  countries  sitch  as  Iceland 
and  Australia,  where  the  disease  is  very  prevalent.  This  clement  of 
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geogniphiciil  distribution  cannot  be  ignored.  In  Austndia,  for  instance, 
the  disease,  under  the  most  unexpected  conditions,  and  from  the  most 
unlikely  cpiarters,  is  continually  surprising  the  physician ; so  this  i)ossi- 
bility  has  constantly  to  be  borne  in  mind.  The  Kbntgen  rays  often 
afford  reliable  evidence  of  the  presence  of  the  parasite,  either  Ijy  the 
screen,  or  even  more  satisfactorily  in  a skiagram.  This  is  especially 
useful  when  the  parasite  is  located  in  the  centre  of  the  lung,  so  as  not 
to  yield  surface  indications  on  i)hysical  examination  of  the  chest,  or 
when  extending  upwards  into  the  thorax  from  the  middle  of  the  dome 
of  the  liver.  An  increase  in  the  proportion  of  eosinojdiil  cells  in  a blood 
count  has  been  suggested  as  confirmatory  of  the  diagnosis  of  the  parasite, 
but  this  has  hitherto  not  proved  of  any  practical  value. 

The  cpiestion  of  the  value  and  advisability  of  aspiratory  puncture  for 
purposes  of  diagnosis  is  one  of  importance,  and  has  occasioned  some 
difference  of  opinion.  This  proceeding  has  certainly  often  been  performed 
without  the  slightest  evil  consecjueiice,  and  has  afforded  an  absolute 
diagnosis.  Thus,  puncture  of  a liver  uniformly  enlarged  or  of  a tumour 
in  the  abdomen  with  a fine  aspirator,  trochar  and  cannula,  or  a long  large 
hypodermic  needle,  has  yielded  a quantity  of  characteristic  hydatid  fluid, 
containing  scolices,  booklets,  or  microscopic  fragments  of  laminated 
membrane.  But  a negative  result  may  follow  and  mislead.  A hydatid, 
even  of  considerable  magnitude,  if  closely  packed  with  small  daughter 
cysts,  will  yield  no  fluid,  or  so  little  as  to  be  overlooked,  and  the  tumour 
will  be  regarded  as  a solid  growth.  In  these  circumstances,  if  the 
contents  of  the  syringe  are  blown  out  upon  a microscope  slide,  a tiny 
fragment  of  hydatid  cyst  may  be  obtained  from  the  needle,  and  will 
prevent  error  and  make  the  decision  positive  and  final.  This  should 
always  be  practised  when  the  needle  is  used  and  the  tapping  is  apparently 
“ dry.”  Another  source  of  uncertainty  and  fallacy  exists.  Frequently 
no  hydatid  structures  are  obtained,  and  we  have  then  to  depend  on  the 
chai-acter  of  the  fluid.  Unfortunately',  as  we  have  said,  there  are  two 
li(|uids  with  which  that  from  a hydatid  is  identical  in  appearance,  and 
nearly  so  on  chemical  analysis,  the  cerebrospinal  and  that  of  some 
hydronephroses.  When  cerebral  symptoms  have  pointed  somewhat 
indefinitely  to  an  intracranial  hynlatid,  and  on  trephining  the  skull  fluid 
has  been  withdrawn  by  a long  hypodermic  needle,  it  is  a matter  of 
serious  moment,  in  regard  both  to  diagnosis  and  treatment,  to  determine 
whether  this  has  come  from  a dilated  ventricle  or  from  a hydatid.  In 
the  latter  case  an  opening  should  be  made  in  the  brain  substance  for  the 
removal  of  the  parasite  ; in  the  former  such  a proceeding  is  undesirable 
and  might  be  fatal.  AVe  have  no  test  at  present  to  dcci(le  the  question  ; 
i)Oth  flnids  are  clear  and  wateiy,  lioth  contain  sodium  chloride  and  a trace 
of  sugar,  d’he  same  difficulty  arises  in  respect  of  a renal  cyst.  Though 
many  hyalionephroses  contain  fluid  evidently  urinous,  some  yield  a liquid 
exactly  like  that  from  a hydatid.  If  we  are  sure  that  the  cy'^st  lies  in 
the  substance  of  the  liver  or  spleen,  the  exhaustion  of  fluid  of  a clear 
waterv  charactei'  decides  the  diagnosis ; but  we  cannot  always  be  certain 
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of  the  situation  of  the  cyst ; for  a right  hyih’oiiephrosis  is  sometimes 
adhei-ent  to  the  under  surface  and  margin  of  the  liver,  and  at  times 
physical  signs  leave  us  in  doubt  whether  a tumour  in  the  left  hypo- 
chondrium  and  anterior  lumbar  i-egion  be  in  the  left  lobe  of  the  liver,  in 
the  spleen,  or  in  the  kidney.  When  the  lung  is  the  seat  of  disease  it 
might  be  thought  impossible  to  err.  But  here  Ave  are  confronted  by 
another  and  special  dithculty  which  may  serve  as  an  introduction  to  a 
consideration  of  the  several  dangers  of  aspiratory  puncture.  Numerous 
instances  testify  to  the  possible  danger  of  AvithdraAving  even  a small 
quantity  of  fluid  from  a pulmonary  hydatid.  In  consequence  of  this 
apparentl}’’  trifling  operation  the  cyst  may  burst,  and  its  contents,  rushing 
up  the  bronchial  tubes,  Avhich  frequentlj''  open  directly  and  freel}'^  into 
the  cavity  in  Avhich  it  lies,  may  flood  both  lungs  and  drown  the  patient. 
EA^en  if  this  fatal  catastrophe  should  not  occur,  a most  violent  sufibcatiA  C 
cough  may  be  excited,  with  expectoration  of  blood  and  of  such  quantities 
of  hydatid  Huid  as  utterly  to  prostrate  the  patient  even  Avithin  a feAv 
minutes.  And  Avithin  tAvo  or  three  days  there  may  be  marked  signs  of 
septic  contamination  of  the  sac,  such  as  pyrexia  and  the  ejection  of 
extremely  fetid  sputa.  For  these  reasons  Ave  lay  doAvn  the  rule  that  no 
medical  man  should  CA  er  use  a needle  in  his  consulting-room  to  make  a 
diagnosis  in  a possible  pulmonary  hydatid ; nor  should  he  attempt  to 
draAv  off  the  fluid  in  a probable  hydatid  of  the  lung  until  he  has  excised 
a portion  of  a rib,  and  is  ready  for  immediate  incision  directly  its 
parasitic  nature  is  established  by  puncture.  There  are  other  sources  of 
danger  in  aspiration  for  diagnostic  purposes.  If  the  sac  be  on  the 
surface  of  an  organ  such  as  the  lung,  liver,  spleen,  or  kidney,  or  is 
situated  in  the  omentum,  and  the  serous  surfaces  covering  it  are  not 
united  by  adhesions,  the  puncture  may  permit  the  more  or  less  rapid 
leakage  of  the  contents  of  the  hydatid  into  the  surrounding  serous  cavity, 
and  scolices,  biood-capsules,  and  minute  daughter  cysts  may  escape,  and 
lead  to  a disseminated  multiple  infection  Avith  disastrous  consequences. 
In  not  a fcAv  instances,  too,  this  simple  procedure  has  been  folloAved  b}' 
an  immediate  collapse  of  the  patient,  sometimes  attended  Avith  profuse 
vomiting  and  purging,  and  proving  rapidly  fatal.  This  dread  eventuality, 
Avhieh  cannot  be  foreseen  nor  guarded  against,  is  attributed  to  the  sudden 
entry  into  the  blood  of  an  unknown  but  very  potent  toxin.  A less 
serious  but  very  distressing  occasional  consequence  is  a smart  attack'  of 
urticaria  AAUth  some  elevation  of  temperature.  For  these  reasons  Ave 
deprecate  any  routine  or  unnecessary  employment  of  aspiratory  puncture 
in  diagnosis,  and  if  the  other  clinical  methods  at  our  disposal  suggest 
the  presence  of  the  parasite,  it  is  probably  much  safer  and  moi'e  satis- 
factory to  make  a small  exploratory  incision  Avherever  practicable. 

Prophylaxis. — The  general  nature  of  the  measures  calculated  to  pre- 
A'ent  or  at  least  to  limit  the  spread  of  hydatid  disease  becomes  evident 
from  Avhat  has  been  said  concerning  the  conditions  Avhich  give  rise  to  it. 
As  the  prevalence  of  the  parasite  in  man  depends  primarily  upon  the 
number  of  dogs  affected  Avith  Tcenia  echinococais  and  the  facilities 
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jirtbrcled  for  the  entrance  of  the  ova  into  the  human  l)ody,  it  follows  that 
laws  which  require  registration  of  dogs,  and  the  destruction  of  those 
which  are  not  registered,  ai-e  of  the  greatest  service  if  vigorously 
enforced.  These  laws  not  oidy  usefully  restrict  the  number  of  all  dogs, 
but  also  serve  especially  to  limit  the  class  of  vagrant  or  ownerless  dogs 
which,  in  the  absence  of  regular  feeding  with  wholesome  household 
scraps,  are  liable  to  be  infected  by  the  offal  of  butchers’  shops  or 
abattoirs.  The  oflal  of  such  estaldishments  should,  in  fact,  be  so 
disposed  of  that  dogs  cannot  possibly  obtain  it.  A further  safeguard 
would  be  to  abstain  from  feeding  dogs  with  raw  meat  of  any  descrip- 
tion ; for  the  usual  culinary  methods  of  preparation  are  destructive  to 
the  life  of  the  bladder-worms  should  they  exist.  Judicious  cathartic 
and  anthelmintic  medication  of  dogs  might  also  be  of  service,  but  it 
must  be  remembered  that  any  such  treatment  must  be  accompanied  by 
such  a disposal  of  the  excreta  as  will  prevent  further  infection.  Indeed, 
similar  sanitary  precautions  should  invariably  be  taken  to  render 
innocuous,  by  boiling  water  or  other  means,  the  excretions  which 
accumulate  about  kennels  or  other  places  where  dogs  congregate. 

The  water-supply  being,  as  we  have  said,  the  principal  source  of 
the  disease  in  man,  all  those  measures  are  efficient  prophylactics  which 
protect  it  from  contamination  with  the  tapeworm  ova,  which  are  liable 
to  be  blown  into  it  by  the  wind,  or  carried  thither  by  the  washings  of 
the  surface.  Boiling  or  effective  filtration  of  the  water  ma}'  be  regarded 
as  absolute  .safeguards,  and  too  great  care  cannot  be  taken  in  the 
cleansing  of  those  ground  vegetables  which  are  eaten  raw.  It  has 
been  suggested  that  the  ova  may  gain  entrance  into  the  lungs  with 
the  inspired  air.  In  Australia,  at  least,  where  the  facilities  for  infec- 
tion exist  to  so  great  a degree,  and  where  dust-storms  are  frequent,  it  is 
possible  that  such  minute  bodies  as  the  ova  might  in  this  way  gain 
entrance  to  the  body ; it  is  even  conceivable  that  the  seci’etions  of  the 
air-passages  might  possess  a sufficiently  corrosive  or  solvent  action  to 
liberate  the  contained  embryo ; but  direct  proof  is  yet  wanting,  and  we 
may  probably  with  safety  regard  the  alimentary  canal  as  the  only 
channel  of  entrance  to  the  l)ody.  We  repeat  that  the  l)ad  habit  of 
kissing  ])ct  dogs  is  dangerous  in  respect  of  the  possibility  of  direct 
transfer  of  hydatid  from  beast  to  man,  and  disgusting  in  respect  of  some 
of  the  halnts  of  the  tribe. 

It  cannot  be  too  emphatically  stated  that,  for  all  practical  purposes, 
the  whole  question  of  prophylaxis  may  be  comprised  in  the  statements, 
that  if  there  were  no  dogs  containing  Tonnia  echinococcus  there  would  be 
no  hydatid  disease ; or  that,  if  the  source  of  supply  of  1)ladder-worms 
were  entirely  cut  off,  dogs  would  no  longer  be  infested  with  Tamin 
echinococcus. 

Treatment.  — A great  variety  of  remedial  measures  have  been 
applied  to  hydatid  disease,  and  these  may  be  classified  in  two  groups 
— those,  namely,  which  aim  at  the  destruction  of  the  life  of  the  parasite 
m situ,  and  those  which  aim  at  its  removal. 
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1.  Measures  which  aim  at  the  destruction  of  the  life  of  the  parasite. 

((')  Internal  administration  of  drugs.  — Of  the  various  medicaments 
whicli  have  been  used  witli  this  object  it  may  be  confidently 
asserted  that  they  are  absolutely  useless. 

{h)  Acupuncture. — Long  thin  needles  ai’e  inserted  into  the  cyst,  left 
thei’e  for  ten  or  fifteen  minutes,  and  then  removed.  This 
probal)!}'^  cures  (when  it  does  cure)  by  allowing  the  contents 
of  the  bladder  to  escape  into  adjacent  cavities,  such  as  that 
of  the  peritoneum  in  the  case  of  the  liver.  Apart  from  the 
great  uncertainty  of  the  method,  it  is  reprehensible  on 
account  of  the  possibility  of  a general  pai’asitic  invasion  of 
the  peritoneum  by  escaped  scolices,  a sid)ject  we  have  already 
discussed. 

{d)  FUectrolgsis  probably  acts  not  by  virtue  of  the  electric  current,  but 
of  the  acupuncture  ; and  the  practice  is  to  be  condemned 
accordingly. 

((/)  Injection  of  fluids  into  the  cyst  after  remocal  of  some  of  its  contents. — 
The  following  have  been  employed  : — E.vtract  of  male  fern, 
carbolic  acid,  alcohol,  solution  of  pepsin,  potassium  perman- 
ganate, tincture  of  iodine,  mercuric  chloride.  None  have 
proved  efficacious. 

{e)  A sgnratory  pun  cture  and  tvithdrawal  of  fluid. 

2.  i\Ieasures  having  the  object  of  complete  removal  of  the  parasite. 

{a)  By  means  of  an  opening  made  with  caustics  (liecamier’s  method). 

{!>)  Long  - continued  drainage  and  evacuation  through  a cannula 
inserted  into  the  cyst  and  retained  for  a long  period  (canule  it 
deineure). 

(c)  Double  puncture  with  small  trochars,  followed  by  incision  (Simon’s 
method). 

{d)  Various  forms  of  direct  incision  with  immediate,  or  delayed, 
removal  of  the  parasite. 

Nearly  all  these  methods  are  now  merely  matters  of  historic  interest ; 
two  only  require  further  consideration  ; the  others  having  been  proved  to 
be  either  inefficient,  or  open  to  objections  so  serious  as  to  have  led  to 
their  abandonment.  The  two  methods  we  shall  discuss  are  aspirator}' 
puncture  and  removal  by  direct  incision. 

^Ispiratos'y  Puncture. — Under  antiseptic  precautions,  and  by  means  of 
an  aspirator  needle,  which  should  not  exceed  one-sixteenth  of  an  inch  in 
diameter  (results  having  shewn  conclusively  the  superior  safety  of  a 
small  needle  as  compared  with  larger  sizes),  as  much  fluid  is  drawn  off 
as  will  flow.  This  simple  and,  as  its  advocates  urge,  safe  procedure 
does  undoubtedly  cause  the  death  of  the  parasite  in  a certain  jii'oportion 
of  cases,  and  the  consequent  cure  of  the  patient;  indeed,  this  event  may 
happen  after  withdrawal  of  a very  small  quantity  of  fluid,  the  dea<l 
organism  then  passing  through  the  same  kind  of  harmless  retrogressive 
changes  as  it  does  Avhen  undergoing  spontaneous  cure.  It  must  be 
remembered,  however,  that,  although  the  aspiratory  puncture  may  have 
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caused  the  death  of  the  parasite,  the  tumour  may  quickly  regain  its 
former  size.  If  now  a portion  of  tlie  fluid  should  be  again  withdrawn  it 
will  be  found  to  be  albuminous,  the  sac  (or  cyst)  having  become  filled 
with  serum,  which  may  either  be  absorbed,  with  a resultant  cure,  or 
suppurate,  the  latter  event  being  especially  liable  to  occur  on  a further 
attempt  to  remove  the  fluid. 

Notwithstanding  the  favourable  results  which  have  undoubtedly 
attended  this  method  of  treatment  in  many  cases,  some  very  serious 
objections  are  urged  against  it.  In  spite  of  its  simplicity  the  operation 
is  by  no  means  devoid  of  danger ; death,  with  cardiac  diastole,  has 
occurred  in  a considerable  number  of  instances  from  the  toxic  effects  of 
the  absorption  of  the  fluid,  with  such  suddenness  as  to  indicate  its  direct 
entrance  into  the  vascular  system  ; and  extreme  collapse,  from  which, 
however,  the  patient  may  gradually  recover,  is  not  infrequent.  The 
operation  is  only  likely  to  be  successful  in  simple  living  cysts,  or  in 
those  at  any  rate  in  which  there  are  few  daughter  cysts — conditions 
which  are  quite  undeterminable  beforehand.  In  any  case  no  assurance 
can  be  given  that  the  operation  will  be  successful,  for  the  puncture  fre- 
quently fails  to  kill  the  parasite,  or,  still  worse,  leads  to  inflammatory 
or  suppurative  changes.  Even  if  its  life  be  destroyed  it  remains  in  the 
viscus  a bulky,  dead  organism,  prone  to  decomposition  with  all  its 
mischievous  complications.  This  method  is  quite  inadmissible  in 

suppurating  or  ruptured  cysts,  and,  indeed,  we  hold  that  its  employ- 
ment as  a curative  measure  is  strongly  to  be  deprecated  as  unsound  in 
principle,  and  in  practice  neither  efficient  nor  safe. 

In  Australian  practice,  based  upon  a large  experience,  there  is 
a marked  tendency  not  only  to  abandon  aspiration  altogether  as  a 
curative  means,  but  also,  as  far  as  possible, .to  limit  its  application 
even  as  a means  of  diagnosis. 

Removal  hy  Incision. — The  operations  included  under  this  head  aim 
at  removal  of  the  parasite,  either  at  once  or  after  some  little  delay. 
The  particular  method  known  as  Lindemann’s  operation  has  been 
successfully  adopted  by  Australian  surgeons  for  some  years.  In  this 
procedure  the  cyst  and  its  contents  are  removed,  at  the  time  of 
operation,  by  an  incision  made  through  the  most  prominent  part  of 
the  tumour,  or,  it  may  be,  at  some  other  spot  from  which  the  parasite 
is,  on  anatomical  grounds,  more  conveniently  accessible.  The  edges 
of  the  visceral  wound,  if  not  already  adherent,  as  is  frequently  the 
case,  are  attached  by  stitches  to  those  of  the  parietes  of  the  body, 
so  that  the  pouch  or  cavity  formerly  occupied  by  the  parasite  drains 
externally,  hence  the  term  marsupialisation  applied  to  this  method. 
Rarely  is  any  difficulty  experienced  in  the  dislodgment  of  the  mother 
bladder,  which  readily  presents  itself  in  the  wound,  and,  so  to  speak, 
invites  removal ; moreover,  it  is  remarkable  how  soon  enormous  cavities 
close  up  by  adherence  of  the  collapsed  walls  or  by  granulation. 

This  method  of  marsupialisation,  though  on  the  whole  practised 
with  a large  measure  of  success  in  Australia  and  elsewhere,  is,  it  must 
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be  admitted,  occasionally  followed  by  certain  inconveniences  such  as 
j)i'otracted  recovery,  Long- continued  suppuration,  and,  in  the  case  of 
the  liver,  biliary  flux,  persistent  fistulte  or  immobilisation  of  imj)ortant 
organs  in  a faulty  position.  Recognising  these  objections,  Mr.  Bond  of 
Leicester,  in  1891,  advocated  and  practised  a procedure  for  abdominal 
hydatids  by  which,  after  the  removal  of  the  bladder-worm,  its  cavity  is 
carefully  emptied,  cleansed,  closed  by  sutures,  or  even  left  unclosed  and 
the  viscus  returned  into  the  abdomen.  The  wound  in  the  abdominal 
wall  is  closed  as  in  an  ovariotomy.  This  is  an  ideal  method,  but  it  is  not 
always  applicable ; nevertheless  suppurating  cysts  have  been  successfully 
treated  in  this  way.  Delbet  has  proposed  the  practice  of  obliterating, 
as  far  as  possible,  the  cavity  of  the  adventitious  capsule  by  l>ringing 
its  opposing  walls  together  by  sutures  (capitonnage). 

Still  more  recently  Mabit  of  Buenos  Ayres  advocates  the  resection  of 
as  much  as  possible  of  this  sac  in  addition  to  the  return  of  the  affected 
viscus  into  the  abdomen.  Discussion  of  the  relative  advantages  of  these 
and  other  methods  of  operation  is,  however,  beyond  the  scope  of  tliis 
article,  and  must  be  sought  for  in  surgical  treatises.  But  we  may  again 
insist  that  the  first  principle  of  treatment  is  the  complete  removal,  not 
the  death  in  situ,  of  the  parasite,  and  this  can  only  with  certainty  be 
insured  by  some  method  of  incision.  Then  remembering  the  dangers, 
already  alluded  to  more  than  once,  that  may  follow  escape  of  the  fluid 
contents  in  the  form  either  of  dissemination  of  daughter  cysts,  brood- 
capsules,  or  scolices,  which  may  give  rise  to  multiple  infection,  or 
of  severe  toxic  action  of  other  constituents,  it  is  most  important 
that  the  efforts  of  the  operating  surgeon  should  have  regard  to  the 
possible  occurrence  of  these  contingencies.  It  is  for  such  reasons,  as 
well  as  for  the  risk  of  septic  infection,  that  we  have  more  than  once 
deprecated  the  unnecessary  use  of  aspiratory  puncture  for  diagnostic 
purposes.  In  addition  to  the  ordinary  methods  of  diagnosis  we  now 
have  the  effective  assistance  of  the  Rontgen  rays  and  of  stereoscopic 
radiography,  the  value  of  which  has  been  amply  demonstrated.  If  all 
these  means  should  still  fail  to  reveal  the  existence,  or  site,  of  a hydatid 
cyst,  it  is,  we  are  convinced,  safer  to  make  a small  exploratory  incision 
wherever  this  is  possible. 

The  following  propositions  indicate  the  principles  of  the  treatment 
of  hydatid  disease  that  are  generally  accepted  in  Australia  : — 

1.  The  objections  to  aspiratory  puncture  are  that  it  is  only  appli- 
cable to  a small  class  of  cases ; that  even  in  these  it  frequently  fails  in 
its  object ; that  it  is  in  itself  a possible  source  of  danger,  by  inducing 
suppui’ative  changes,  or  by  permitting  leakage  of  fluid  with  possible 
consequences  that  we  have  sufficiently  indicated  ; and  that,  at  Ijest,  it 
leaves  the  dead  organism  in  place.  In  ];>ulraonary  hydatids  there  is  a 
special  risk  of  suffocative  flooding. 

2.  Removal  of  the  parasite  by  incision  is  an  eftectual  and,  with 
proper  care,  a reasonably  safe  proceeding ; it  should  be  the  recognised 
and  general  practice. 
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3.  No  other  treatment  is  justifiable  in  suppurating  or  ruptured 
hydatids,  if  we  except  those  in  which  spontaneous  evacuation  by  the 
natural  channels  is  in  progress  and  iirgent  symptoms  absent,  when 
probably  the  best  treatment  is  to  leave  matters  alone. 

4.  Lindemann’s  operation,  in  which,  after  removal  of  the  parasite, 
the  cavity  of  the  adventitious  sac  is  left  to  drain  externally,  has  stood 
the  test  of  a large  experience  with  favourable  results,  and  is  probably 
the  best  and  safest  procedure  for  general  application.  Possibly,  how- 
ever, Bond’s  operation,  or  some  modification  of  it,  in  which,  after 
evacuation,  the  emptied  adventitious  sac  is  left  behind,  may  prove  to 
be  more  satisfactory  in  certain  cases,  the  proper  limits  of  which  have 
yet  to  be  determined  by  the  test  of  experience. 

Hydatids  in  the  various  Viscera  of  the  Body 

Distribution  of  Hydatids  in  the  Body. — In  1000  autopsies  per- 
formed in  the  mortuary  of  the  Adelaide  Hospital,  South  Australia,  forty- 
nine  bodies  contained  hydatids,  that  is,  about  5 per  cent.  Eleven  of  these 
were  cases  of  multiple  hydatids ; in  five,  two  organs  were  infested ; and 
in  six,  three  or  more  of  the  viscera.  In  thirty-six  instances  the  liver  was 
involved  ; in  nine  the  lungs ; in  .six  the  spleen ; in  five  the  kidney ; in 
five  the  peritoneum ; in  four  the  brain,  and  in  one  the  heart.  In  a 
more  extended  table  compiled  by  Thomas,  comprising  for  all  countries 
nearly  1900  cases,  the  frequency  Avith  Avhich  different  oi’gans  are 
attacked  is  shewn  by  the  following  percentages:  liver,  57;  bmg.s, 
11 ‘6;  kidney,  47;  brain,  4‘4 ; spleen,  2'1  ; heart,  1 '8 ; peritoneum, 
omentum,  and  mesentery,  1'4. 

Hydatid  of  the  Liver. — Symptoms. — There  may  be  aching  about  the 
i-ight  shoulder,  and  if  the  hydatid  be  large,  a sense  of  Aveight  and  distension 
about  the  right  hypochondrium.  Actual  pain  is  rare,  but  eidargement 
upAvards  into  the  chest  has  caused  a severe  paroxysmal  neuralgia,  and 
Avhen  suppuration  supervenes  it  is  often  acute,  ajid  an  excruciating 
hepatic  colic  attends  the  passage  of  membranes  along  the  bile-ducts.  The 
functions  of  the  stomach  and  boAvels  are  seldom  interfered  Avith,  even 
Avhen  the  cyst  is  so  large  as  to  fill  and  distend  the  abdomen.  Not  infre- 
quently, at  an  autopsy,  a parasite  of  no  small  .size  is  discovered,  Avhich 
has  occasioned  no  symptoms  during  life,  or  none  sufficient  to  atti-act 
attention. 

Physical  N//771.S.— These  Avill  vary  Avith  the  size  and  situation  of  the 
parasite : if  it  be  small  and  deep-seated  they  Avill  be  absent.  If  on  the 
upper  surface,  there  may  be  bulging  of  the  right  side  of  the  chest — at 
first  only  at  the  loAver  part,  Imt  latei’  almost  uniA’^ersally,  Avith  a more 
open  cui’A’e  to  the  costal  arch,'  and  Avidening  and  lAulging  of  the  inter- 
costal spaces  eA'en  beyond  the  level  of  the  ril)s.  The  thoracic  hepatic 
dulness  is  increased  upwards  ; in  one  case  it  Avas  as  high  as  the  first  rib. 
It  is  often  dome-shaped  in  the  front,  the  side,  or  the  back  of  the  chest. 
I’ercus.sion  in  the  intercostal  spaces  gives  the  .sensation  of  great  resistance. 
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The  lieart  may  be  displaced  to  the  left  if  the  jjarasite  is  in  the  right  lobe, 
or  be  raised  or  pushed  l)odily  forwards,  with  an  increased  force  and  area 
of  the  ])alpable  impulse,  if  in  the  left  lobe.  If  the  parasite  be  large 
and  in  the  substance  of  the  liver,  the  size  of  the  oigan  is  manifestly 
increased,  either  generally  or  only  as  regards  one,  usiially  the  right,  lobe. 
'I'he  liver  margin  is  depressed,  even  to  the  pelvis;  its  outline  may  bo- 
normal,  elongated  at  some  part,  or  with  a more  or  less  pedunculated  out- 
growth. The  surface  is  uniformly  smooth,  or  bulged  at  one  S])ot,  the 
bulging  being  either  regularly  convex  or  more  or  less  lobulated ; or  if  the 
, hydatid  be  multiple,  the  liver  may  be  studded  with  prominent  bosses  like 
cancerous  nodules.  The  enlargement  is  genei-ally  firm,  and  often  elastic. 
Fluctuation  is  veiy  rarely  elicited,  ])ercussion  does  at  times  yield  the 
hydatid  thi-ill.  Jaundice  iji  the  absence  of  suppuration  is  very  unusual, 
though  it  has  been  noted  when  membranes  have  entei'ed  and  blocked  the 
bile-ducts,  or  the  cyst  has  pressed  upon  them  in  the  portal  fissui'e. 
Ascites  is  so  uncommon  as  to  be  a j)athological  curiosity.  Rupture  of 
an  uninflamed  cyst  into  the  peritoneal  cavity  has  caused  a voluminous 
ascites,  which  yielded  bile-stained  serum  containing  booklets.  Occasion- 
ally dilated  veitis  course  over  the  lower  chest  and  upper  al)domen. 

Hydatid  of  the  liver  often  suppurates,  either  immediately  after 
aspiratory  puncture,  tapping  with  trochar  and  cannula,  or  accidental 
injury  : sometimes  this  event  occurs  spontaneously,  being  due,  occasion- 
ally at  any  rate,  to  rupture  of  a bile-duct  into  the  cyst.  The  symptoms 
induced  may  be  quite  insignificant ; but  more  often  pyrexia  of  the  remit- 
tent type  supervenes  with  general  constitutional  disturbance,  rigors,  and 
wasting ; the  tumour  becomes  painbil  and  tender,  increases  noticeabl}'^  in 
size,  anil  the  skin  over  it  ma_y  grow  red  and  resemble  a pointing  abscess. 
Jaundice  is  frequent.  When  a cyst  is  in  the  dome  of  the  liver  it  leads  to 
pleurisy  with  abundant  serous  infusion,  or  with  plastic  exudation  ojdy. 

Unless  dealt  with  surgically  a li\'ing  or  a suppurating  hydatid  of  the 
li\er  will  extend,  and  discharge  itself  in  one  of  several  directions  as 
follows: — (1)  Into  the  alimentary  tract  most  commonly — either  into  the 
intestine,  or  if  in  the  left  lobe,  iiito  the  stomach.  The  tumour  may  thus  be- 
come t}unpanitic  from  entry  of  gas.  The  membranes,  white  or  bile-stained, 
may  be  vomited  or  passed  by  the  bowel  ; and  this  evacuation  may  ]>ersist 
for  weeks  or  months,  with  eventual  complete  I'ecovery  or  death  from 
exhaustion.  (2)  Into  a bronchial  tube,  aftei’  the  formation  of  adhesions 
between  the  liver,  diaphiagm,  and  lung,  generally  the  right.  Skins  are 
expectorated,  which  are  colourless,  or  in  some  cases  deejdy  bile-stained. 
When  all  are  thus  removed  the  cavity  contracts  and  health  is  restored. 
On  the  other  hand,  the  patient  often  dies  fi’om  exhaustion,  the  result  of 
prolonged  suppuration  with  hectic  symptoms;  or  from  profuse  hamioptysis, 
gangrene  of  the  lung,  or  suffocation  due  to  obsti'uction  of  the  air-])assagcs 
l)y  a large  piece  of  membrane  or  an  unruptured  daughter  cyst.  (.J)  Into 
the  ])leural  sac,  producing  pleurisy  generally  suppurative,  or  ])yo-pneumo- 
thorax  from  associated  ulceration  into  a bronchus  or  the  bowel. 
(4)  Into  the  pei'itoneal  cavity,  setting  up  an  intense  and  generally  fatal 
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peritonitis.  If,  however,  the  hydatid  has  not  suppurated,  its  Imrsting 
may  occasion  only  a mild  peritonitis  with  much  ascitic  accumulation  and 
the  eventual  development  of  a general  hydatid  infection  of  the  abdominal 
cavity.  (5)  Through  the  abdominal  wall.  (6)  Into  the  gall-bladder  or 
the  biliary  passages,  inducing  biliary  colic  with  or  without  jaundice. 
(7)  Into  the  pericardial  sac.  (8)  Into  the  hepatic  veins  in  the  substance 
of  the  liver,  Avhence  the  membranes  are  carried  into  the  pulmonary 
arteries  and  cause  sudden  death  or  rapidly  fatal  syncope. 

Diacinosis. — Hydatid  has  to  be  distinguished — (A)  from  other  diseases 
of  the  liver  causing  enlargement ; (B)  from  extra-hepatic  affections. 

A 1.  Lardaceous  disease  may  be  simulated  by  a parasite  so  deep  in 
the  substance  of  the  liver  as  to  cause  no  globular  swelling  on  its  surface, 
and  big  enough  to  enlarge  the  organ  downwards.  An  associated  enlarge- 
ment of  the  spleen,  and  albuminuria,  with  a history  of  long-continued 
suppuration,  would  indicate  waxy  liver.  When  the  amyloid  condition 
is  due  to  syphilis  the  organ  may  be  nodulated  from  the  contraction 
of  fibroid  trabecula,  the  result  of  obsolete  gummas,  and  may  thus 
resemble  multiple  superficial  hydatids.  Such  syi:>hilitic  livers,  however, 
are  generally  painful  and  tender,  and  are  often  immobile  on  deep  inspira- 
tion, owing  to  adhesions  from  old  perihepatitis.  A history  of  syphilis, 
the  existence  of  present  or  the  evidence  of  past  manifestations,  and  an 
associated  albuminuria  will  assist  in  the  diagnosis. 

.V  2.  Cancer  of  the  liver  may  cause  uniform  enlargement,  local 
bulging,  or  multiple  bosses,  and  so  resemble  hydatids.  Eapid  increase  of 
the  liver  or  its  prominences,  pain,  tenderness,  and  jaundice  suggest 
carcinoma ; provided  suppuration  can  be  e.xcluded  by  the  absence  of 
pyrexia,  rigors,  etc.  So  also  do  cancerous  cachexia  and  wasting,  lun- 
bilication  of  the  bosses,  a history  of  previous  removal  of  a malignant 
growth,  or  the  presence  of  a suspiciotis  neoplasm,  either  external  or 
internal,  e.r/.  per  rectum.  On  the  other  hand,  the  patient  may  be  too 
young  to  render  cancer  probable. 

A .3.  Tropical  abscess  can  only  be  confounded  with  a suppurating 
hydatid.  The  infrequency  of  hydatids  in  the  tropics,  and  of  tropical 
abscess  in  temperate  zones,  and  the  fact  that  tropical  abscess  of  the  liver 
is  in  the  vast  majority  of  cases  preceded  or  accompanied  by  dysentery, 
Avill  aid  in  forming  a decision ; though  this  is  not  of  much  moment,  as 
the  treatment  of  the  two  complaints  is  identical. 

A I.  Xutmeg  liver  from  cardiac  failure.  A hydatid  may  exist  in 
the  liver  of  a patient  afflicted  with  heart  disease,  but  a local  bulging  can- 
not be  due  to  simple  engorgement.  A patient  with  heart  disease  who 
has  had  a hydatid  removed  from  the  right  lobe  has  appeared  a }mar  or 
two  later  with  a greatly  enlarged  left  lobe,  pyrexia,  local  tenderness,  and 
some  jaundice.  History  and  physical  signs  suggested  a second  parasite 
now  suppurating;  but  inquiry  revealed  acute  rheumatic  pains  at  the 
onset  of  feverishness,  and  improvement  on  administration  of  salicylate 
of  sodium,  with  subsidence  of  the  hepatic  enlargement,  dissipated  the 
possilnlity  of  a suppurating  hydatid. 
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A ;■).  Though  cirrhosis  of  the  liver  may  give  rise  to  a general  increase 
in  size,  it  is  rarely  partial  so  as  to  produce  a local  bulging  likely  to 
imitate  a h3'(latid  tumour.  Further,  in  cirrhosis  there  is  generally  a 
history  of  alcoholism  and  of  gastric  disturbance,  often  the  aspect  of  over- 
stimulation,  and  frequently  more  or  less  icterus ; while  the  edge  of  the 
liver  mat-  be  hard,  and  the  surface  palpably'  granular. 

A 6.  A distended  gall  - bladder  maj'  be  indistinguishable  from  a 
hvdatid  springing  from  the  under  surface  of  the  liver  and  i)rojecting 
downwards  from  its  lower  margin.  Both  tumours  may  be  somewhat 
movable,  elastic,  and  obscurely  fluctuating.  The  gall-bladder  is  generally 
larger  below  and  narrower  above,  and  a hydatid  the  revei'sc,  but  not 
alwa^’s.  A history  of  sudden  pain  followed  by  gradual  enlargement 
would  suggest  obstruction  of  the  cystic  duct  by  a gallstone ; though 
such  obstruction  with  patency  of  the  common  duct  and  without  jaundice 
is  uncommon.  Exploratory  puncture  in  the  one  case  might  yield  a 
clear,  watery,  non-albuminous  fliiid  containing  booklets  or  membranes, 
and  in  the  other  a mucoid  or  biliary  liquid.  But  it  should  be  re- 
membered that  both  a distended  gall-bladder  and  a dead  hydatid  may 
contain  either  colourless  serum  or  bile-stained  fluid,  or,  if  they  have 
suppurated,  a puriform  liquid,  and  that  such  puncture  is  not  only  unre- 
liable on  this  account,  but  for  other  reasons  is  less  desirable  than  incision. 

A 7.  Simple  c^'st  of  the  liver  is  seldom  large  enough  to  be  recognised 
during  life.  ^Yhen  palpable,  its  low  tension,  in  marked  contrast  with  the 
firm,  almost  solid  feel  of  a hydatid,  has  raised  the  suspicion  of  its  non- 
para.sitic  nature.  When  the  organ  is  nodulated,  and  concomitant  nodula- 
tion  of  both  kidnet^s  can  be  detected,  non-parasitic  cystic  disease  should 
be  diagnosed.  Though  multiple  hydatids  might  exist  in  all  these  organs, 
this  would  l)e  very  unlikely.  Usually,  though  not  invariably,  simple 
cysts  contain  serum,  but  aspiration  is  not  advisable. 

B.  E.rtm-hejnitic  Affections. — B 1.  Right  pleural  effusion  generally  gives 
an  area  of  dulness,  with  its  upper  limit  sloping  obliquely  downwards  and 
forwards  from  the  spine,  whereas  in  hydatid  the  upper  margin  of  impaired 
resonance  often  descends  as  it  approaches  the  backbone.  This  test  does 
not  apply  when  the  pleural  effusion  is  loculated  as  the  result  of  old 
adhesions,  or  when  the  patient  has  habitually  leant  forwards  during  his 
illne.ss,  in  which  case  the  upper  limit  of  ideural  dulness  may  be  higher  in 
front.  In  pleural  effusion  a history  may  be  obtained  of  acute  pain, 
fever,  and  recent  onset  without  any  ])receding  dyspnoea.  A friction 
sound  does  not  aid  in  the  diagnosis,  as  it  may  be  heard  in  either  com- 
plaint. Pleural  effusion,  of  course,  does  not  exclude  hydatid  of  the  liver, 
since  an  inflamed  cyst  may  set  up  pleurisy ; but  if  the  effusioji  be 
absorbed,  or  bo  evacuated,  the  dulness  due  to  the  parasite  will  remain. 
An  aspirating  needle  will  then  withdraw  serum  at  first,  and  when  used 
again  will  yield  hydatid  tiuid  ; or  if  introduced  deepl}-"  it  may  enter  the 
liver  and  strike  the  contents  of  the  parasite,  and  as  the  needle  is  being 
removed  it  may  withdraw  serum  from  the  pleural  cavity’. 

B 2.  Hydatid  at  the  base  of  the  right  lung  is  usually  indistinguish- 
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able  from  a jiarasite  on  the  convexity  of  the  liver.  If,  however,  it  does 
not  involve  the  extreme  base  of  the  lung,  the  existence  of  a line  of 
resonance  between  it  and  the  normal  hepatic  dulness  might  render  a 
diagnosis  possible.  It  is  more  likely  to  cause  lateral  displacement  of  the 
heart,  and  less  likely  to  produce  descent  of  the  liver  margin  l)elow  the 
costal  arch. 

H 3.  Subphrenic  hydatid  cannot  be  diagnosed  from  the  hepatic  ; for  a 
cyst  of  the  liver  may  bulge  on  its  upper  surface  beneath  the  diaphi-agm 
and  give  I’ise  to  identical  signs.  It  has  even  been  known  to  perforate 
the  diaphragm  through  an  opening  not  larger  than  the  thumb,  and  then 
to  expand  into  a sac  large  enough  to  reach  the  level  of  the  third  rib.  A 
diagnosis  is  not  essential,  as  the  treatment  is  similar. 

B 4.  Hydronephrosis.  Usually  on  deep  inspiration  the  fingers  can 
be  insinuated  above  a renal  tumour,  though  sometimes  a cyst  of  the 
kidney  is  adherent  to  the  liver  and  continuous  with  its  lower  border. 
Such  a tumour  fills  the  lumbar  region  more  than  an  hepatic  hydatid,  and 
the  colon  may  be  detected  in  front  of  it.  The  sac  may  be  lobulated,  but 
a hydatid  cyst  is  also  sometimes  obscurely  lobulated.  Should  sudden 
diminution  of  the  tumour  occur  with  coincklent  increase  of  the  quantity 
of  urine  voided,  hydronephrosis  would  be  probable ; still,  this  event 
might  InqDpen  from  rupture  of  a hydatid  into  the  renal  pelvis : this, 
however,  would  probably  be  followed  by  evacuation  of  fragments  of 
membrane  l>y  the  urethra.  Aspii-ation  might  reveal  urine  more  or  less 
altered,  albiimiuous  fluid,  pus,  blood,  or  colloid  material,  or  on  the  other 
hand  characteristic  h}^datid  structures.  Sometimes,  however,  the  liquid 
from  a hydronephrosis  is  clear  and  limpid  with  no  albumin  or  but  a trace, 
and  much  chloride  of  sodium,  thus  closely  resembling  hydatid  fluid. 

B 0.  A pancreatic  cyst  is  generally  more  centrally  placed,  occupying 
the  epigastric  and  umbilical  regions,  fluctuates  more  definitely,  and 
usually  in  the  recumbent  but  more  certainly  in  the  erect  posture  has  an 
area  of  stomach  resonance  between  it  and  the  liver.  This  may  be 
rendei-ed  more  definite  by  artificial  distension  of  the  stomach.  The 
lower  border  of  the  liver  can  also  be  felt  by  careful  palpation  descending 
in  front  of  the  cyst  on  deep  inspiration.  Aspiration  (if  employed) 
furnishes  a fluid  which  changes  starch  into  sugar  or  emulsifies  fat  in-stead 
of  possessing  the  characteristic  hydatid  elemejits. 

B 6.  Splenic  cyst.  Vide  hydatid  of  the  spleen,  p.  1023. 

B 7.  An  o^'ariau  tumour  grows  from  below  upwards,  is  attached  to 
the  uterus,  and  is  usually  separated  from  the  livei’  by  an  area  of  reson- 
ance ; a hydatid  grows  from  the  liver  downwards,  and  veiy  rarely  enters 
the  pelvis. 

B S.  Ascites  can  only  lead  to  difficulty  in  diagnosis  when  the  hydatid 
of  the  liver  is  so  immense  that  it  fills  the  whole  abdomen,  or  Avhen  the 
conditions  accompanying  ascites  prevent  the  intestines  from  floating 
forwards  to  the  alxloTuinal  wall.  licsonance  in  the  flanks  and  iliac 
regions  would  indicate  hydatids,  but  rupture  of  an  hepatic  hydatid  Avill 
occasion  ascites  with  gi’cat  abdominal  distension.  Ho’e  the  bowels  may 
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be  matted  together  so  as  to  suggest  tuberculous  peritonitis.  I’aracentesis 
abdominis  may  supply  many  pints  of  turbid  bile-tinged  serum,  pointing 
to  an  hepatic  origin  of  the  affection,  and  booklets  may  be  fouml  in  the 
liquid  drawn  off'.  Cadiotomy  will  reveal  a great  nunil.)er  of  collapsed  bile- 
stained  cysts  which  have  gravitated  into  the  pelvis. 

B 9.  Floating  kidney  is  distinguished  from  a pedunculated  hydatid 
by  its  shape,  its  softer  consistence,  its  freer  mobility  in  the  abdomen,  its 
recession  into  the  lumbar  region  behind  the  margin  of  the  liver,  and  the 
absence  of  a band  of  tissue  uniting  it  to  this  organ. 

BIO.  A chronic  abscess  in  the  abdominal  wall  on  the  right  .side  will 
have  an  obscure  outline,  will  not  descend  Avith  insjuiution,  and  the 
tissues  over  and  around  it  Avill  be  thickened  and  a^dematous. 

Treatment. — The  only  treatment  advisable  is  evacuation  of  the 
hydatid  by  incision.  When  the  liver  is  not  enlarged  u])wards,  but 
projects  beloAv  the  costal  margins,  it  should  be  attacked  through  the 
abdominal  wall.  Should  the  hepatic  dulness  be  much  increased  above 
its  normal  level  in  the  chest,  Avith  little  or  no  descent  of  its  bolder  beloAv 
the  costal  margin,  it  should  be  operated  on  through  the  thoracic  Avail  by 
resection  of  a portion  of  rib.  If  there  be  marked  eleA’ation  of  the  hepatic 
dulness  in  the  chest,  even  though  the  border  of  the  liver  may  be 
depressed  four  or  fiAe  inches  below  the  costal  arch,  the  sac  should  be 
opened  through  the  chest  wall ; for  iu  these  cases  the  cyst  Avill  be  found 
in  the  dome  of  the  liver.  Unless  a large  local  bulging  is  palpable  on  the 
alxlominal  portion  of  the  organ,  an  attempt  to  evacuate  the  parasite  by 
coeliotomy  Avill  jirobably  fail,  for  only  solid  liver  substance  Avill  be  met 
Avith,  or  the  loAver  portion  only  of  the  sac  Avill  be  accessible,  and  Avhen  it 
is  emptied  it  Avill  retract  upAvards  beneath  the  ribs,  and  it  Avill  lie  difficult 
to  attach  it  to  the  edges  of  the  abdominal  incision. 

Bile  generally  drains  from  the  Avound  after  a fcAv  days,  if  not  immedi- 
ately. Its  amount  may  be  surprising,  and  the  dischaige  may  continue 
for  Aveeks  and  even  months,  and  exei’cise  a deleterious  influence  on  the 
general  health.  It  gradually  ceases  spontaneously,  Imt  this  may  be 
e.xpedited  by  packing  the  abdominal  Avound  Avith  gauze. 

Hydatid  of  the  Lung. — Si/mptoms. — Prior  to  i-upturc.  If  the  cyst  be 
small,  no  symptoms  may  be  noticed  : cough,  hoAvever,  is  generally 
present ; it  A'aries  in  severity,  but  it  is  rarely  paroxysmal  as  in  pertussis. 
Haemoptysis,  dtie  to  activ'e  congestion  from  irritation,  to  passiA'c  distension 
from  pi'cssure,  or  to  a localised  jmeumonia,  usually  occui’s  sooner  or 
later,  either  copiously  or  as  mere  streaks  in  the  mucous  sputum  ; 
occasionally  it  is  absent  throughout.  A feeling  of  Aveight  or  discomfort, 
or  the  sen.sation  of  a foi-eign  body  in  the  chest,  may  be  e.xperienced,  but 
these  are  uncommon.  Dyspnoea  increases  Avith  the  volume  of  the  cyst, 
but  is  .sometimes  slight  even  Avhen  the  tumour  is  very  large  : it  is  I'arely 
paroxy.smal,  but  it  may  be  urgent,  and  be  dne  to  pressure  on  the  pul- 
monary artery  or  vein.  There  is  no  pyrexia  unless  suppuration, 
pneumonia,  or  pleurisy  be  excited,  and  only  in  these  circumstances  is 
there  any  wasting. 
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Physical  siyns  may  be  wanting  if  the  cyst  is  small  and  deeply  seated  ; 
lait  when  large  there  may  be  local  swelling,  which  may  be  limited  to  a 
small  area.  In  rare  instances  a rib  is  eroded  from  pressure,  so  that  part 
of  the  cyst  projects  through  the  chest  wall,  and  may  then  closely 
resemble  an  e.vtra-thoracic  fluid  tumour  ; but  its  nature  may  be  recog- 
ni.sed  by  a diminution  in  size  when  the  patient  lies  doAvn,  and  in  certain 
cases  by  the  impulse  communicated  to  it  on  coughing  or  straining.  In 
very  large  cysts  the  intercostal  .spaces  may  be  widened  and  somewhat 
])rominent,  and  may  communicate  an  elastic  semi-fluctuating  sensation  on 
palpation  and  percussion.  The  area  where  the  cyst  comes  to  the  surface 
is  quite  dull,  and  yields  a marked  sense  of  resistance.  If  a layer  of  lung 
intervene  between  the  cyst  and  the  chest  wall  a subtympanitic  or  even  a 
skodaic  note  may  be  elicited.  The  respiratory  murmur  may  be  weak  or 
even  abolished,  and  this  may  also  hold  good  as  regards  the  vocal  reson- 
;uice.  The  heart  may  be  displaced  to  the  right  or  to  the  left,  according 
to  the  situation  of  the  parasite ; or  be  so  pressed  forwards  as  to  give  a 
greatly  increased  area  of  palpable  pulsation.  Very  rarely  distinct  pulsa- 
tion is  to  be  felt  in  a widened  intercostal  space  over  a large  hydatid, 
comm\inicated  from  the  heart,  against  which  it  presses.  Occasionally 
fcdema  of  one  or  both  arms  ensues  from  pressure  on  the  intra-thoracic 
A cins.  The  parasite  is  compai’atively  o^jacpie  to  x-rays,  and  so  may  be 
seen  with  the  sci-een,  and  in  a skiagram  (Fig.  229). 

Rupture  into  a bronchus  is  shewn  by  the  onset  of  violent  suffoc<ative 
cough,  Avith  expectoration  of  AA'atery  fluid,  pieces  of  hydatid  membrane 
and  of  blooil.  This  may  be  scanty,  or  may  be  so  abundant  as  to  threaten 
or  even  to  terminate  life ; generally  there  is  urgent  clA'spncea.  After 
rupture,  cough,  of  varying  frequency  and  violence,  continues  until  all  the 
cyst  is  expelled ; exacerbations  occur  at  irregular  intervals,  Avith  expec- 
toration of  copious  muco-pus,  and  many  skins,  fragments  of  the  original 
cyst,  and  pei'haps  daughter  cysts  recently  ruptured.  The  sputa  may  be 
fetid,  and  hiemorrhage,  Avhich  may  be  profuse  or  even  fatal,  may  come  on 
at  any  time,  and  be  accounted  for  by  supposed  varices,  degenerations, 
ulcerations,  or  aneurysms  of  the  pulmonary  vessels  on  the  AA'alls  of  the 
hydatid  cavity.  No  deterioration  of  the  general  health  may  be  apparent, 
although  large  quantities  of  membrane  may  have  been  coughed  up 
during  many  months ; on  the  other  hand,  pyrexia,  Avasting  and  hectic, 
may  supervene  and  rapidly  ex'haust  the  patient.  8kins  may  be  expec- 
torated almndantly,  and  yet  a careful  examination  of  the  chest  Avill  fail 
to  reveal  theii'  source,  as  this  may  be  a cavity  deep  in  the  substance  of 
the  lung  Avhich,  contracting  on  its  gradually  diminishing  contents,  gives 
none  of  the  classical  signs  of  a vomica.  IJsuall}^  hoAvever,  the  physical 
signs  are  those  ordinarily  found  in  a pulmonary  cavity — for  example,  in 
phthisi.s — and  vary  as  Avidely  in  different  cases-  at  one  time  they  may 
be  ill-defined,  and  then,  after  a profu.se  expectoration,  Avell  marked. 

The  sac  of  an  uninflamed  hydatid  may  burst  into  the  pleural  cavity 
and  establish  a pneumothorax,  i'ui'uishing  all  its  classical  signs  Avith  evi- 
dence of  more  or  less  fluid  in  the  pleural  cavity.  These  gi'adually  disappear 
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after  closure  of  the  aperture  of  rupture,  and  later  the  cyst  is  coughed  out 
of  its  sac  through  the  bronchial  tubes,  and  thus  first  reveals  the  cause  of  the 
pneumothorax.  In  other  cases  this  is  demonstrated  at  the  moment  of 
rupture  by  a coincident  copious  expectoration  of  hydatid  fluid,  with  or 
without  tlie  membranes.  More  freipicntly  the  parasite  ruptures,  its  fluiil 
contents  are  brought  up,  and  its  adventitious  sac  inflames,  followed  after 
a few  days  by  a pyo- pneumothorax.  This  is  due  to  sloughing  of  its 


Fig.  229. — Skiagram  slipwing,  from  tlip  back,  three  pulmonary  hydatids  ; two  of  these,  very  distinctly 
seen,  are  symmetrically  situated  a little  above  the  middle  of  the  lungs.  The  third,  more  obscure., 
has  its  shadow  blended  with  that  of  the  heart  and  pericardium  on  their  left  side.  All  three 
parasites  were  successfully  removed  by  incision.  (From  » photoymph  hy  A.  G.  Fryctl,  Melbourne.) 


wall  where  it  is  covered  only  by  visceral  pleura,  or  its  rupture  liy  urgent 
and  uncontrollable  coughing. 

Karely,  if  ever,  has  a cyst  lieen  found  in  the  pleural  cavit}'.  It  is 
probably  impossible  to  diagnose  a parasite  so  situated  from  one  in  the 
substance  of  tl\e  lung.  Nor  can  its  exact  site  be  determined  even  when 
one  or  two  ribs  have  been  excised  and  the  hydatid  cavity  has  been  laid 
open.  For  a jmlmonary  hydatid  in  its  growth  reaches  the  visceral 
pleura,  which  becomes  fused  with  the  thin  adventitious  capsule,  and 
subsequently  with  the  parietal  layer^  so  that  wlien  incised  no  pleural 
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cavity  is  upcncd,  l)ut  the  scalpel  passes  direct  from  the  parietal  pleura 
into  the  sac.  In  fact,  many  hydatids  supposed  to  he  pleural  are  almost 
certainly  pulmonary  hydatids  which  have  become  superficial. 

Not  infrequently  two  and  even  three  separate  parasites  of  no  mean 
size  are  located  in  the  same  lung ; but  with  careful  physical  examination 
it  is  possible  to  recognise  them  by  the  narrow  patches  of  resonant  lung 
which  intervene  between  the  larger  areas  of  hydatid  dulness. 

Diagnosis. — 1.  Pulmonary  Tuberculosis.  When  unruptured,  hydatid 
disease  resembles  incipient  phthisis  in  the  short  dry  cough,  repeated 
hivmoptysis,  and  perhaps  iii  some  shortness  of  breath  and  abnormal 
phvsiad  signs  at  one  spot  in  the  chest.  Its  hydatid  nature  is  determined 
!)y  the  following  considerations : — The  signs  are  most  often  not  at  the 
apex  ; when  they  are,  they  are  exceedingly  rarely  bilateral.  The  dulness 
is  sharply  defined,  with  weakened  breath  sound  or  respiratory  silence,  and 
ail  absence  of  moist  rales.  There  is  no  pyrexia.  The  general  health  has 
undergone  no  deterioration,  and  although  the  symptoms  may  have  existed 
for  some  months,  the  strength  has  not  failed. 

When  ru])tured  it  may  be  very  difficult  to  distinguish  a hydatid 
cavity  from  a phthisical  vomica,  unless  it  be  situated  in  tbe  liase,  as  most 
frequently  it  is,  the  rest  of  the  lung  being  healthy.  Phthisical  vomicae, 
too,  are  very  rare  in  children.  If  the  disease  be  bilateral  it  is  probably 
phthisical,  for  symmetrical  pulmonary  h3olatids,  though  not  unknown,  are 
uncommon.  Diarrha'a  or  lar^mgeal  disease  suggests  phthisis;  neverthe- 
less the  former  may  occur,  as  a hectic  symptom,  in  prolonged  and  profu.se 
suppuration  from  a pulmonary  hydatid.  The  expectoration  even  of  a 
microscopic  fragment  of  hydatid  membrane  is  conclusive.  The  mem- 
branes, however,  frequently  undergo  gelatiniform  degeneration,  and 
become  translucent  and  very  soft,  and  may  easily  be  overlooked  by  the 
])hysician  ; on  the  other  hand,  the  patient  may  mistake  shreds  of  tough, 
consistent  mucus  for  pieces  of  “skins.”  Tubercle  bacilli  in  the  sputum 
jirove  the  presence  of  phthisi.s,  but  do  not  exclude  hydatid,  for  now  and 
then  the  two  affections  co-e.xist. 

2.  Gangrene  of  the  lung  resembles  ruptured  hydatid  in  the  presence 
of  a cavity  and  the  voiding  of  fetid  sputa ; but  it  generally  runs  a very 
acute  course,  membranes  are  absent  from  the  expectoration,  and  usually' 
some  antecedent  cau.se  suggestive  of  gangrene  is  known. 

•3.  Pleural  effusion  is  closely  imitated  by  a hjalatid  at  the  base. 
Pain  and  pyrexia,  or  a recent  histoiy  of  them,  favour  pleural  effusion. 
These  symptoms  may,  however,  occur  in  hydatid,  if  a pleurisy  be  induced 
by  its  irritation,  or  if  it  should  Ijccome  inflamed.  Dyspnoea  is  less 
marked,  as  a rule,  in  hydatid,  because  of  its  slow  growth,  and  to  the 
accommodation  effected  by  bulging,  etc.  The  line  of  dulness  may  help; 
in  a hydatid  it  is  often  semicircular,  in  pleural  effusion  it  slopes  from 
the  spine  downwards  and  forwards.  In  a loculated  empyema  the  dulness 
ma}'  be  dome-shaped,  but  in  this  case  the  pyrexia,  pain,  acuteness  of 
course,  and  wasting  will  decide.  Displacement  of  the  heart  laterally  to 
an  extent  disproportionate  to  the  area  of  dulness  on  the  chest  wall. 
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imliciitiiig  ;i  much  hirger  uccumulntion  of  fluid  in  the  thorax  tliau  is 
revealed  hy  the  superficial  duluess,  would  suggest  a hydatid  at  the  base. 
The  shape  of  the  shadow  011  tlie  x-ray  screen  or  skiagram  would 
assist. 

4.  Aortic  aneurysm  may  be  simulated  by  a pulmonary  hydatirl.  An 
area  of  tluhiess  in  the  left  lateral  chest  gave  an  impulse  in  its  upper  part, 
above  and  outside  the  site  of  the  heart’s  apex-beat,  and  in  its  lower  part 
in  the  posterior  axillary  line.  The  large  area  of  duluess,  with  entire 
absence  of  expansile  character  in  the  pulsation,  and  of  murmur,  with  the 
situation  and  insignificant  degree  of  the  impulse,  served  to  distinguish  it 
from  aneurysm.  It  was  successfully  incised  and  drained.  Conversely  a 
large  aortic  aneurysm  may  resemble  a pulsating  hydatid. 

Treatment. — When  the  hydatid  is  unruptured  a portion  of  one  or  two 
ribs  should  be  excised,  the  cyst  laid  open,  the  membranes  removed,  and  the 
cavity  efficiently  drained.  When  there  are  bilateral  hydatids,  after  one 
has  been  extirpated,  sufficient  time  should  be  allowed  for  contraction  of 
its  cavity  before  the  parasite  on  the  other  side  is  attacked.  If  there  be 
two  on  the  same  side  of  the  chest  and  both  have  been  recognised  (though 
this  discovery  is  very  difficult),  they  may  be  dealt  Avith  at  one  operation, 
through  separate  incisions.  During  an  operation  after  removal  of  the 
cyst  the  surrounding  lung  should  be  examined  with  the  finger  in  the  sac. 
The  convexity  of  an  adjacent  parasite  may  be  palpable  ; if  an  e.xploratory 
needle  yield  hydatid  fluid,  the  intervening  septum  may  be  divided  and 
the  contents  of  this  second  sac  removed,  and  both  sacs  may  be  drained 
through  the  one  incision.  Some  surgeons  have  recently  closed  the 
wound  in  the  pleura  and  chest  wall  at  once,  and  others  after  keeping 
in  a drainage  tube  for  twenty-four  hours.  Treatment  b}^  aspiration  is 
inadmissible  for  reasons  already  detailed.  If  the  hydatid  has  already 
ruptured  and  the  cysts  are  being  expectorated  with  little  or  no  pus,  no 
pyrexia,  and  no  failure  in  health,  it  is  better  to  temporise ; the  patient 
will,  most  likely,  cough  up  all  the  membranes,  and  a spontaneous  cure 
will  be  effected.  If,  however,  aftei’  rupture,  a cavity  be  recognisable,  or 
there  be  an  abnormal  area  of  duluess  in  the  chest,  and  there  be  profuse 
purulent  or  fetid  expectoration,  Avith  fevei'  and  constitutional  dis- 
turbance, the  proper  course  is  to  incise  the  chest,  remove  the  membranes, 
and  drain  efficiently. 

Hydatid  of  the  Spleen. — Symptoms. — Half  of  the  recoi  ded  cases  Averc 
unsuspected  during  life,  and  recognised  only  after  death,  Avhich  Avould 
indicate  the  frecpient  absence  of  symptoms.  Weight  and  pain  may  be 
felt,  and  great  discomfort  on  bending  foiavai-ds.  The  parasite  may  rupture 
into  the  left  lung,  into  the  boAvel,  or  through  the  parietes  of  the  body. 

Physical  Signs.— A.  tumour  Avith  the  classical  characters  of  a splenic 
enlargement ; smooth  if  the  parasite  be  solitary ; lobulated  if  multiple  ; 
.sometimes  increasing  upAA-ards  in  the  chest,  sometimes  doAvmvards  tli rough 
the  left  side  of  the  abdomen  even  into  the  pelvis,  and  afl'ording  in  some 
cases  a perfect  hydatid  thrill. 

Diagnosis. — 1.  A cyst  in  the  left  lobe  of  the  liA'er  is  often  cpiite 
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indistitiguisiiable  from  a hydatid  of  the  spleen.  If  the  hydatid  be  in  its 
lower  pole  and  project  as  a globular  mass  below  the  costal  margin  on 
inspiration,  its  splenic  origin  cannot  be  affirmed  unless  the  notch  can  be 
felt  above  it,  nor  if  the  parasite  be  in  its  upper  pole  and  push  the  rest  of 
the  spleen  beyond  the  costal  arch,  unless  the  bulge  of  the  hydatid  can 
be  felt  to  be  in  the  spleen  above  its  palpable  notcli.  For  diagnosis  the 
notch  and  the  tumour  must  be  demonstrably  in  the  same  mass,  unless  the 
left  edge  of  the  liver  can  be  distinctly  isolated  from  the  c}^st. 

2.  Lardaceoits  Spleen.  — A circumscribed  prominence  favours  the 
diagnosis  of  hydatid.  On  the  other  hand,  uniform  enlargement  of  the 
liver,  a history  of  syphilitic  disease,  or  of  prolonged  suppuration  with  tlie 
co-existence  of  all)uminuria,  would  contra-indicate  its  presence. 

3.  Enlarged  Sjjleen  of  Hepatic  Cirrhosis. — Here  there  are  usually  definite 
signs  of  the  pidmaiy  disease — slight  jaundice,  piles,  melsena,  h;ema- 
temesis,  or  marked  gastric  derangement.  Ascites  comes  on  at  a later 
stage. 

4.  Abscess  of  the  Spleen. — A diagnosis  from  suppurating  li3'datid  is 
probably  impossible,  as  the  previous  existence  of  the  living  parasite  may 
easily  have  been  overlooked  b}?’  a patient. 

Treatment. — ^The  cyst  should  be  opened  and  drained.  The  result  is 
favourable.  Death  has,  however,  followed  from  hjemonhage  consequent 
upon  sloughing  of  the  adventitious  capsule. 

Hydatid  of  the  Kidney. — Symptoms. — Weight  and  distension,  if 
lai'ge. 

Physical  Signs. — A tumour  in  the  lumbar  region,  to  which  an  impulse 
is  readily  communicable  from  the  loin  ■,  on  deep  inspii'ation,  the  fingers 
may  be  insinuated  above  it,  isolating  it  from  the  livei'  and  the  sj)leen. 
It  is  smooth  and  uniform,  if  single ; or  lobulated,  if  multiple  ; more 
or  less  movable  ; with  or  without  a hydatid  thrill ; separated  from  the 
liver  I)y  an  area  of  resonance  and  with  colon  resonance — if  this  be 
preseTit — in  front  of  it. 

Course. — It  may  exist  for  many  years  without  affecting  the  general 
health,  die,  and  become  obsolescent  or  rupture  into  the  pehis  of  the 
kidney.  The  latter  is  the  more  common  event.  Pieces  of  membrane, 
daughter  cysts,  scolices,  and,  generally,  a little  blood  are  then  passed 
by  the  urethra.  This  may  be  the  first  indication  of  the  presence  of  the 
parasite,  and  if  the  cyst  be  small,  no  tumour  may  be  discoverable  in  the 
loin.  The  passage  of  membranes  may  occasion  attacks  of  renal  colic  so 
violent  as  to  induce  convulsions,  or  they  may  pass  along  the  ureter 
without  pain.  Recovery  not  infrequently  comes  about,  it  may  be  after 
years  of  such  discharges.  The  hydatid  may  suppurate  and  then  burst 
into  the  renal  pelvis  and  cause  pyuria.  So,  too,  it  may  ulcerate  into 
the  alimentary  canal  at  some  point,  into  the  peritoneal  cavity,  or  into  the 
lung  and  discharge  into  a bronchus — in  which  case  the  pi-ognosis  is 
rather  unfavourable — or  even  externally.  When  large,  it  may  be  so 
destructive  as  to  prove  fatal. 

Diagnosis.  — The  determination  of  the  renal  origin  of  the  cyst  is 
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fiiirly  wisy,  esi)eoially  on  tlie  left  side.  If,  a.ssoeiated  with  a tumour  in 
the  kidney,  there  be  a discharge  by  the  urethra  of  liydatid  product.s,  tlie 
diagnosis  is  com))lete.  Such  discharge,  however,  without  a renal  tiunoiu’ 
is  not  sufficient;  fora  hydatid  of  the  pelvic  pouch  of  the  peritoneum  is 
nearly  as  common,  and  this  may  open  into  the  bladder.  1.  The  greatest 
(lifKculty  is  found  in  distinguishing  between  a hydatid  and  a hydro- 
nephrosis. In  both  a renal  cyst  is  felt,  in  both  it  may  be  smooth,  round, 
painless,  movable,  elastic,  and  with  a perfect  hydatid  thrill.  If  it  Ite 
lobulated  it  is  more  likely  to  be  a hydronejihrosis  ; but  multiple  hydatids 
or  even  a solit;iry  one  may  be  lobnlated.  If  a hydatid  tumour  elseudiere 
should  co-e.xist,  the  ju'obability  of  a I'enal  parasite  is  much  greatei’. 
If,  I'.owever,  there  be  a history  of  urinary  trouble,  such  as  the  passing  of 
calculi  or  of  large  quantities  of  ui-ine  with  a corresponding  subsidence  of 
the  tumour,  a hydronephrosis  would  be  the  more  likely.  In  these  cases 
even  the  aspirator  needle  will  not  always  decide.  Of  course  if  scolices 
or  shreds  of  membrane  be  withdrawn,  an  ab.solute  diagnosis  is  possible, 
but  not  otherwise ; for  though  the  aspiration  of  urine  woidd  favour 
hydronephrosis,  yet  this  is  said  to  pass  by  osmosis  into  hydatids,  to  the 
extent  of  forming  deposits  of  triple  phosphate  crystals  in  the  interior  of 
daughter  cysts,  or  even  calculi  as  large  as  peas.  Though  clear  limpid 
fluid,  e.xactly  resembling  that  of  a hydatid,  be  evacuated,  giving  no 
albumin,  or  only  a trace,  and  abundance  of  sodium  chloride,  it  may,  as 
likely  as  not,  be  a hydronephrosis,  which  not  infrequently  has  similar 
contents.  Even  a trace  of  ui-ea  does  not  negative  hydatid  fluid,  of 
which,  in  minute  quantities,  it  is  a normal  constituent.  The  jjresence 
of  albumin  in  large  quantity,  though  common  in  hydronephrosis,  may 
be  found  iii  a hydatid  which  has  recently  died.  Sometimes,  therefore, 
the  distinction  between  the  two  renal  affections  is  an  impossibility. 
Fortunately  the  treatment  demanded  is  the  same  for  both,  namely,  free 
incision  and  drainage. 

2.  Cystic  disease  of  the  kidney,  congenital  or  acquired,  may  closely 
resemble  multiple  renal  hydatids.  Implication  of  both  kidneys  would 
suggest  the  former ; and  a palpable  cyst  in  the  liver  with  one  kidney 
also  involved,  the  latter. 

3.  Omiriaii  and  Parovarian  C/iaP. — -These  grow  fi-om  below  upwards, 
and  are  generally  known  by  their  proper  signs  on  combined  vaginal  and 
abf  1 om  i nal  e xam  i nati  on . 

When  suppurating,  a hydatid  cyst  must  be  distinguished  fi'om 
pyelitis,  simple  or  calculous ; pyone])hrosis ; renal  tuberculosis ; and 
absce.ss,  renal  or  perinephric.  The  special  products  of  the  hydatid, 
tul)ercle  bacilli,  or  fragments  of  calculus  discovered  in  the  urine,  are 
probably  the  only  distinctioms. 

Treatment. — If  cysts  or  shreds  are  passing  by  the  urethra  without 
much  pain,  and  there  is  no  deterioration  of  general  health,  the  cure 
may  be  left  to  nature  ; if  a renal  tumour  exist  or  there  be  much  disti-ess 
<)!•  .suppuration  with  reduction  of  strength  and  weight,  an  operation 
should  be  undertaken. 
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Hydatid  of  the  Omentum,  Mesentery,  and  Peritoneum. — Fliyskal 
sii/iis. — One  oi'  more  tumours  are  visible  or  palpable,  geneially  very 
movable,  both  by  the  hands  of  the  examiner  and  on  change  of  position  ; 
they  appear  also  to  be  unconnected  directly  with  any  of  the  abdominal 
viscera.  They  frequently  acquire  a very  thick  hard  capsule,  even  when 
of  small  size,  so  as  to  feel  like  solid  growths. 

Dingnosk.  — Floating  kidney.  A hydatid  is  seldom  quite  of  the 
same  shape  as  a kidney,  it  is  often  too  movalde ; the  kidney  may  be 
palpal)le  on  inspiration,  at  the  same  time  as  the  tumour. 

Diagnosis  from  omentid  sarcomas  in  the  young,  and  even  from 
uterine  myomas,  ovarian  cystomas,  and  malignant  disease  in  the  pelvis, 
when  they  ai'O  multiple,  is  often  impossible  without  puncture  ; and  their 
nature  is  frequently  determined  only  during  an  exploratory  laparotomy. 

Treatment — They  shoidd  be  operated  upon.  Sometimes  they  can 
be  removed  entire  in  their  sac  by  separation  of  adhesions  or  tying  ott‘ 
the  })iece  of  omentum  in  which  they  lie ; this  is  the  ideal  method ; 
sometimes  by  Bond’s  operation ; oi'  by  drainage.  AVhen  low  in  the 
pelvis  it  may  be  safer  and  more  convenient  to  operate  through  the 
perineum,  or  the  vagina. 

Intraeranial  Hydatid.  — Symptoms.  — An  intracranial  hj^datid  is 
essentially  an  innocent,  slowly  growing  tumour,  and  gives  rise  to  the 
usual  symptoms  of  such  a neoplasm.  It  may  occupy  an}'  position, 
being  extra-cerebral  between  the  skull  and  the  brain,  or  intra-cerebral 
in  the  cerel>rum  or  cerebellum,  or  intra-ventricular.  It  may  be  in  the 
frontal,  parietal,  or  occipital  lobe,  exti-a-cortical,  cortical,  subcorticid,  or 
wholly  in  the  white  substance.  It  may  attain  very  large  dimensions, 
so  as  to  hold  more  than  a pint  of  fluid.  There  may  be  a solitary  cyst, 
with  or  without  contained  daughter  cysts,  or  more  than  one  cyst  in 
a single  cavity  without  a mother  cyst,  the  several  cysts  being  free  from 
one  another  or  externally  attached  as  though  from  exogenous  multiplica- 
tion ; or  two  cavities  may  be  iwesent  with  one  or  more  cysts  in  each,  and 
with  one,  two,  or  three  cysts  in  the  lateral  ventricle.  These  cavities  may 
communicate  with  one  another.  There  may  be  no  adventitious  membrane 
lining  them,  or  only  a mici‘Oscopic  one.  A hydatid  may,  therefore,  afibrd 
very  marked,  oidy  indefinite,  or  no  localising  symptoms,  either  sulqective 
or  objective,  just  like  any  other  benign  tumour  in  the  same  situation,  and 
any  symptoms  ordinarily  induced  by  a benign  tumour  of  the  brain  may 
be  met  with.  Xothitig  in  the  character  of  the  individual  manifestations 
or  their  grouping  indicates  the  hydatid  nature  of  the  disease. 

Diagnosis  involves  three  points,  viz.  the  ])resence  of  a tumoui’,  its 
situation,  and  its  nature.  The  first  two  must  be  decided  on  general 
j)i'inciples  of  diagnosis.  Then  an  o})inion  as  to  its  being  a hydatid  will 
rest  upon  the  following  considerations: — 1.  There  should  be  no  positive 
indications  of  other  disease  such  as  syphilis,  affections  of  the  ear,  nose,  or 
skull,  tuberculosis  of  the  lungs,  no  history  or  evidence  of  malignant  disease 
elsewhere.  2.  In  a country  or  district  where  hydatids  are  prevalent,  its 
possibility  should  not  be  forgotten.  .3.  It  may  cause  a uniform  enlarge- 


II  i ’DA  '1  ID  DISEASE 


1027 


meat  of  the  criuiium,  a local  bulging,  a localised  thinning  so  as  to  yield 
egg-shell  crackling,  or  even  a perforation.  4.  The  mean  age  of  patients 
with  tuberculous  tumoui-  is  twelve  and  a half  years,  that  of  echinococcus 
is  twenty -two  years  ; therefore  a tumour  of  the  l.)rain  in  a child  is  moi-e 
likely  to  be  tuberculous  than  hydatid,  in  a young  adult  the  reverse  may 
be  expected.  Cerebral  hydatids  are  fourteen  times  as  common  as  cere- 
bellar; therefore  a cerebellar  tumour  is  probably  not  a hydatid.  Since 
tuberculous  tumours  are  as  common  in  the  cerebellum  as  in  the  cei  ebrum, 
a cerebellar  tumour  in  a child  is  much  more  likely  to  be  tuberculous  than 
hydatid.  5.  A hydatid  elsewhere  in  the  patient  would  strongly  sup2)ort 
the  diagnosis  of  a cerebral  hydatid.  6.  It  has  l)een  2>roposed  to  jherce 
the  skull  with  an  instrument  like  a watchmaker’s  drill,  and  ex])lore  with 
a large  hypodermic  needle.  But  localisation  is  often  not  sufficiently 
exact  to  make  this  2)lan  of  much  service.  Membrane  or  booklets  might 
be  withdi'awn,  but  without  these  it  would  be  difficidt  to  distinguish 
cerebros2)inal  from  hydatid  fluid. 

Prognosis. — Most  ])atients  die,  suddenly  during  an  epileptiform  fit 
or  while  vomiting,  more  or  less  rapidly  from  increasing  stupor  and  coma, 
and  i)rogressive  jjaralysis  and  asthenia,  or  from  some  intercuri'cnt  disease. 
The  duration  of  life  will  vary  with  the  site  and  rajjidity  of  the  growth. 
Life  has  been  prolonged  for  five  years  after  the  first  symj^toms  were 
noted.  Some  cases  have  recovered  after  spontaneous  jjerforation  of  the 
skull  and  evacuation  of  cysts,  which  was  either  s2)ontaneous  or  followed 
simjjle  incision  of  the  scalp ; but  such  cases  are  very  rare,  and  were 
probal  )ly  e.xtra-cerebral. 

'Trmfinaif. — When  an  intracranial  hydatid  is  diagnosed  or  strongly 
suspected,  one  course  only  is  open,  viz.  to  trej^hine  the  cranium  and 
remove  the  jjarasite.  This  may  be  done  at  one  operation,  but  some 
surgeons  divide  it  into  two  stages  with  an  interval  of  three  or  four  days; 
at  the  first  stage  the  cyst  is  tapjDCfl  and  its  fluid  Avithdrawn,  at  the  second 
it  is  removed.  Sevei-al  successful  cases  have  been  recorded  in  which 
recovery  has  been  comj^lete  and  permanent ; but  motor  and  sensory 
jjaralysis,  in  greater  or  less  degree,  may  remain,  and  in  some  instances 
as  late  as  twelve  months  after  a{)parently  perfect  recovery  a fatal  rela|)se 
has  taken  place  and  auto])sy  has  revealed  several  other  hydatids.  Special 
complications  and  dangers  surround  operations  for  removal  of  hydatids 
from  the  l)rain,  and  render  interference  less  satisfactoiy  than  in  the 
case  of  the  other  viscera ; for  instance,  after  an  easy  and  complete 
evacuation  of  the  parasite  the  jjatient  may  die  in  a few  hours,  from 
hyper2)yrexia  and  e{)ileptiform  con\'id.sions. 

Hydatid  of  the  spinal  cord  is  rare.  The  2)arasite  may  1)C  w holly 
Avithiu  the  sjiinal  canal,  or  inside  and  jairtly  outside.  It 

invades  the  ca?ial  from  the  tissues  and  cavities  adjacent  and  from  the 
A'ertebne.  Or  it  originates  within  the  canal,  and  thence  extends  by  absoi-j)- 
tion  of  bone  through  the  intervertebral  foramina  and  betAveen  the  spinal 
laminaj  into  the  muscular  tissues  of  the  back  or  into  the  thorax  and 
abdomen  in  front,  d’hore  seems  to  be  a special  tendency  to  Imrrow^, — 
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:i  feature  of  hydatids  wliich  is  discussed  elsewhere, — thus  one  or  more 
cvsts  mav  he  found  within  the  canal,  others  in  the  muscular  planes  of 
the  back,  and  others  within  the  thorax,  but  all  contained  in  one  sinuous 
lobulated  cavity.  From  the  spinal  canal  outside  the  dura  mater  they 
may  penetrate  this  membrane,  and  lead  to  the  disorgaiusation  of  the  cord. 
The  bones  of  the  vertelu'al  column  in  some  cases  are  infiltrated  with  an 
immense  number  of  minute  cysts  which  fill  the  small  spaces  of  the 
cancellous  tissue,  not  only  in  the  l)odies  l»ut  also  in  the  transver.se  and 
articular  processes  and  the  arches.  They  may  hollow  out  cavities  in  the 
bone  which  will  be  packed  with  titiy  cysts.  They  are,  however,  the 
ordinaiy  Echinococcus  lujdatidosus  ; for  when  they  get  into  the  spinal  canal, 
the  chest,  or  the  alxlomen  they  become  of  the  usual  size,  their  small 
dimensions,  when  confined  within  the  bone,  being  apparently  only  due  to 
their  environment. 

S//iiiptoms. — 'file  symi)toms  are  such  as  would  be  caused  by  an  inno- 
cent tumour  within  the  spinal  canal  ; namely,  radiating  pains  from 
pressure  on  the  spinal  nerve-roots,  and  the  motor  and  sensory  pheno- 
mena of  compression  of  the  spinal  cord,  with  or  without  those  of  a 
supervening  compression-myelitis.  Sometimes  the  indications  are  those 
of  a chronic  myelitis  only.  AMien  such  symptoms  are  present  a suspi- 
cion of  their  hydatid  origin  may  be  entertained  if  a cyst  is  detected  in 
some  other  })art  of  the  body,  but  certainty  can  only  be  obtained  if  part 
of  the  parasite  projects  externally  in  the  back,  and  on  asjfiration  yields 
hydatid  structures  or  liuid. 

Treatment. — If  detected  or  strongly  suspected,  removal  by  incision 
should  be  attempted.  Hitherto  the  results  have  been  very  unfavourable. 
Two  special  circumstances  lead  to  failure.  The  canal  is  opened,  and 
cysts  ax’e  found  and  i-emoved,  l)ut  no  improvement  follows,  and  the 
patient  eventually  dic.s,  when  autopsy  rex  eals  one  or  more  cysts  furthei' 
down  the  cord.  Again,  at  the  operation,  the  spinal  bones  are  discovered 
to  be  stufted  with  tiny  hydatids,  for  which  no  rational  }>lan  of  cure  has 
yet  suggested  itself. 

Hydatid  of  the  heart  is  so  rarely  found  that  it  is  a pathological 
curiosity.  It  has  never  been  diagnosed  during  life,  and  is  not  known  to 
give  rise  to  any  sym])toms.  The  following  are  the  notes  of  a case.  xV 
girl  had  been  passed  as  eligible  for  life  assurance.  Three  weeks  aftei- 
ward  she  left  the  kitchen  to  bring  in  some  fii-ewood,  and  was  found 
a few  minutes  afterwards  on  the  woodheap,  unconscious,  with  some 
twitching  of  her  arms  ami  legs,  and  died  in  about  ten  minutes,  'fhe 
postei'ior  wall  of  the  left  auricle  was  occupied  by  a hydatid  cyst  as  large 
as  an  orange,  which  had  ruptured  into  the  auricle.  The  heart  with  the 
etnpty  cyst  weighed  thii-teen  ounces.  The  left  carotid  was  blocked  by 
a daughter  cyst  at  its  point  of  entrance  into  the  cranium. 

Extraviseeral  Hydatids. — Though  these  have  frequently  been 
alluded  to  as  ilhistratiug  modes  of  growth  and  pathological  features, 
their  treatment  usually  falls  within  the  province  of  the  surgeon  rather 
than  of  the  physician.  The  same  general  principles  of  treatment. 


HYDATID  DISEASE 


1029 


however,  us  have  l)cen  imlioutod,  ure  upplieuhle  here  also.  Hut  when  a 
long  bone  lieconies  the  nidus  of  the  parasite,  amputation  of  the  atlected 
inemlwr  will  almost  certainly  become,  even  if  it  be  not  so  in  the  first 
place,  the  necessary  treatment.  In  hydatids  of  bone  where  amputation 
is  impracticable,  it  is  to  be  noticed  that  local  injections  of  potassium 
permanganate  have  proved  beneficial,  and  in  such  cases  this  principle  of 
treatment  requires  further  trial. 

Echinococcus  Alveolaihs  sivk  :\IrLTiLoctiLAi!i.s 

For  reasons  pi'cviously  stated  we  prefer  to  distinguish  this  form  of 
hydatid  under  the  first  of  these  names.  Occurring  both  in  man  and  .some 
animals,  with  liy  far  the  greatest  frecpiency  in  tlie  liver,  where  it  may 
attain  any  size  up  to  that  of  an  adult’s  head,  it  nearly  alwaj’s  leail.s 
to  a fatal  result.  In  its  broad  structural  features  the  main  mass  of  such 
a tumour  consists  of  a vacuolated  or  sponge-like  stroma  of  sclerosed 
connective-tissue,  more  or  less  infiltrated  with  lime  salts.  This  disposition 
of  its  framework  defines  numerous  alveolar  cavities,  varying  in  diameter 
from  1-.5  mm.,  which  are  filled  with  plugs  of  colloid  material,  consisting 
of  plicated  and  crumpled  chitinous  vesicles  having  the  same  laminated 
structure  and  chemical  coni))ositiou  as  those  of  ordinary  hyclatido.se 
cysts.  Both  surfaces  of  the  individual  folds  of  the  vesicles  are  coated 
with  a finely  granular  layer  of  protoplasm  associated  with  other  parasitic 
elements,  such  as  fully  formed  scolices  or  detached  hooklets.  Such  a 
primaiy  tumour  may  give  rise  to  neighbouring  and  satellite  growths  in 
the  same  viscus,  or  to  metastases  in  distant  organs.  Before  it  attains 
any  considerable  size,  which  only  happens  in  the  liver,  retrogressive  and 
necrotie  changes,  aided  by  septic  infection  and  bile  irruption,  produce, 
towards  the  centre  of  the  growth,  a ragged  and  anfractuous  cavity,  filled 
with  l)ile-stained,  sero-pmrulent  fluid,  holding  in  suspension  calcareous 
particles,  cholesterin,  bilirubin,  and  other  detritus. 

History. — Noticed  first  by  Euysch  in  1721,  a tumour  of  this 
character  was  described  in  1852  by  Buhl  as  “alveolar  colloid”  and  later 
in  the  same  year  by  Luschka  as  “ colloid  cancer  ” on  the  strength  of  its 
malignant  course  and  histological  characters.  In  1854  Zeller  found 
hooklets  in  a similar  gi’owth,  but  considered  them  to  be  of  accidental 
origin.  Two  years  later,  in  185G,  its  helminthic  origin  was  recognised 
by  Virchow,  who  gave  it  the  name  of  “ ulcerative  multilocular  echino- 
coccus tumour”;  and  thirty-seven  years  later,  in  1883,  the  same  authon'ty 
reiterated  his  belief  in  the  identity  of  the  parent  worm  of  this  parasite 
Avith  that  knowii  to  be  responsible  for  the  hydatidose  or  cystic  variety, 
attributing  the  structural  differences  of  the  alveolar  echinococcus  to 
difi'erences  in  the  histological  build  of  the  part  infected.  Thus  he 
considered  that  the  wandering  embryo  ])roducing  this  form  came  to  rest 
in  a lymphatic  vessel  of  the  liver,  and  later  he  stated  that  bone  also 
must  be  considered  as  a nidus  determining  the  assumption  of  the 
alveolar  type.  Virchow  inclined  to  the  view  that  it  multiplied  and 
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extended  l>y  a local  jn-oduction  of  exogenous  ljuds  rathei-  than  to  the 
view  held  by  some  other  writers  that  each  constituent  vesicle  of  the 
whole  growth  was  the  product  of  a separate  and  independent  embr3'o ; 
in  other  words,  that  the  tumour  resulted  from  the  coming  to  rest  in  a 
circumscribed  area  of  an  embolic  shower  of  such  embiyos.  The  latter 
view  is  of  some  interest,  for  it  indicated  the  unsuspected  fact  that  embryos, 
rather  than  scolices,  were  the  objects  to  be  sought  for,  and  thus  in  a 
aetise  it,  in  part,  anticipates  Mclnikow-KasAvedenkow’s  views,  which  must 
be  discussed  at  some  length.  Virchow,  as  we  have  seen,  held  that  the 
settlement  of  the  embryo  in  a lymphatic  was  one  of  the  factors  iu 
determining  the  alveolar  chai-acter  of  this  kind  of  hydatid.  Leuckait 
.ind  Krismann  ascribed  a similai-  role  to  the  blood-vessels,  Friederich  to 
the  bile-<lucts,  and  Liebermeister  to  all  three  kinds  of  vessels. 

Virchow’s  great  authority  held  sway  foi’  half  a century ; yet,  of 
recent  jmars,  doubts  have  arisen  as  to  the  specific  unity  of  the  parasites 
catisiug  the  hydatidose  and  the  alveolar  forms  of  the  di.sease.  Those, 
however,  who  have  asserted  a duality  of  species  have  not  done  so 
on  the  same  ground.s.  V.  Mangold  and  Miiller,  as  the  results  of  feeding 
experiments,  maintained  that  they  had  produced  a different  taenia,  prin- 
cipally liccause  in  the  ripe  terminal  segment  the  ova  were  aggi-egated 
iu  a s])herical  mass  instead  of  being  distributed  in  branched  clusters  as 
is  usual  in  the  t?enia  of  von  Siebold.  The  single  “clumped”  arrange- 
ment ma3%  however,  undoubtedly  occur  in  the  true  T.  eckinoweem 
(see  Figs.  215  and  21G).  Posselt  and  others,  as  the  result  of  micrometric 
measurements,  believed  that  the  shape  and  size  of  the  hooks  of  the 
.scolices  in  E.  alvevlarU  <lifiei-ed  from  those  of  the  common  form,  in  being 
longer,  thinner,  and  less  curved;  but  there  is  equally  no  doubt  that  many 
and  similar  variations  may  occur  in  the  booklets  of  2\  echinococcus. 
'I’he  Russian  authority  Melnikow-Raswedenkow,  after  a very  exhaustive 
study  of  the  subject,  bases  his  advocacy  of  a duality  of  species  on 
various  grounds,  such  as  its  peculiar  mode  of  growth  and  reproduction, 
its  reaction  to  the  containing  tissues,  and  its  somewhat  restricted 
geogi’aphical  distiibution.  In  confuting  Virchow’s  dictum,  that  the  two 
forms  are  determined  b}'  differences  of  the  tissue  conditions  of  the 
affected  part,  Melnikow-Raswedenkow  insists  that  both  the  cystic  and 
alveolar  forms  nuy  be  found  not  only  in  the  same  animal  but  in  the 
same  viscus.  This  writer  considers  that  the  parasite  of  the  alveolar 
echinococcus  occupies  an  intermediate  position  between  the  Cestodes 
(tjq)eworms)  and  the  Trematodes  (flukes),  fiom  its  power  of  producing 
amreboid  embryos  in  loco  ; this  ^wint,  hoAvever,  will  be  dealt  Avith  in  the 
next  section. 

On  the  Avhole,  it  seems  impossible  to  resist  the  conclusion  that 
we  have,  in  this  alveolar  form,  to  deal  with  a parasite  specifically 
distinct  from  that  of  the  common  hydatid. 

Pathology. — In  this  respect,  as  in  its  biological  aspects,  very  little 
has  been  added  to  our  knowledge  since  the  observations  of  VirchoAv  and 
the  other  early  investigators ; and,  indeed,  it  is  not  a little  remark- 
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iihlo  from  :iny  point  of  view  thut  a disease  so  formidable,  so  fatal,  and 
so  petadiar  in  many  respects  should  have  received  sucli  scant  notice  in 
tcxt-])ooks.  Tliere  is,  in  fact,  no  doubt  that  fi-om  the  restricted  area 
of  its  distribution  the  majority  of  Avriters  have  never  come  in  contact 
with  it  : while  those  only  who  have  had  opportunity  of  noting  its  fatal 
effects  l•ealise  its  imporUince.  Of  recent  years,  however,  alveolar  echino- 
coccus has  received  increased  attention  from  A^arious  Russian  and  Oerman 
Avriters,  and  notjibly  from  MelnikoAA-RasAvedenkoAv,  avIio  has  embodied 
the  results  of  an  extensive  study  of  this  disease  in  his  monograph 
published  in  1901.  To  his  aucaa's,  Avhich  aijpear  to  throAv  ucav  light  on 
this  remarkable  parasite,  Ave  must  uoav  de\’ote  some  attention.  He 
points  out  a fundamental  structural  difference  betAveen  the  bladders  of 
the  hydatidose  echinococcus  and  the  chitinous  vesicles  of  the  alveolai’ 
form,  inasmiich  as  in  the  former  the  emlnyonic  parenchymatous  layer 
from  Avhich  scolices  are  developed  is  limited  to  the  inside  of  the  chitinous 
cyst,  Avhile  in  the  latter  this  reproductive  material  is  disposed  not  only 
Avithin  but  on  the  outside  as  Avell.  With  this  internal  disposition,  in 
the  one  case,  ho  correlates  the  tolerant  reaction  of  the  host’s  tissues  to 
the  parasite,  Avhich  are  limited  to  the  changes  induced  by  the  mechanical 
pressure  of  the  groAving  jtarasite.  We  have,  indeed,  already  spoken  of 
these  relations  as  being  essentially  symbiotic  in  their  character.  With 
this  tolerance  he  contrasts  the  violent  reaction  of  the  tissues  induced  bj^ 
the  presence  of  the  parasite  of  the  alveolar  hydatid,  in  conseqitence  of 
the  presence  of  the  active  reproductive  substance,  Avhich  is  in  direct 
contact  Avith  the  tissue-elements,  instead  of  being  separated  from  these, 
as  in  the  hydatidose  echinococci,  by  the  thick  chitinous  membrane.  And, 
moreover,  this  living  embryonic  substance  is  capable  of  producing, 
not  only  scolices,  but  also  living  amceboid  embryos  after  the  mannei' 
of  an  animal,  and  toxins  like  certain  pathogenetic  vegetable  organisms. 
It  is  by  means  of  these  embryos,  Avhich  are  endoAved  Avith  the  poAver 
of  amoeboid  movement,  that  extension  of  the  groAvth  by  con- 
tinuity takes  place,  or,  if  the  embrj’os  should  gain  entrance  into  a 
blood-vessel,  metastases  in  distant  viscera  may  be  produced.  In  any 
case  the  secondary  tumours  may,  by  the  resumption  of  the  parental 
activities,  start  new  centres  of  violent  toxic  reaction  in  the  containing 
tissues.  This  process  is  the  fundamental  feature  of  the  vieAv  ach'anced 
by  MelnikoAA’’-RasAvedenkoAv,  but  it  Avill  uoav  be  advisable  to  folloAv  his 
account  of  the  mode  of  formation  and  structure  of  the  alveolar 
echinococcus  tumours. 

An  embryo  of  this  parasite,  Avhich,  as  Ave  have  said,  he  considers 
specifically  distinct,  having  Avandered  into  a portal  radicle,  comes  eventu- 
ally to  rest,  but  instead  of  becoming  a voluminous  spherical  fiuid- 
containing  bladder,  as  in  the  hydatidose  form  of  echinococcus,  it  de- 
A'elops  into  a distorted  and  much-folded  chitinous  A'esicle  (Chitinkniiuel), 
Avhich  conbiins,  both  betAveen  its  folds  and  betAveen  these  and  the  AA-all 
of  the  containing  cavity,  the  finely  granular  protoplasm  Avhich  serves 
the  purposes  of  reproduction,  and  is  the  source  of  its  poisonous  activities. 
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The  toxins  of  the  parasite  in  its  intravascular  nidus  set  up  endophlebitis, 
and  subsequent  necrosis  of  the  intima,  and,  by  means  of  outgrowing  oH- 
sets,  or  outrunning  processes,  from  the  chitinous  structure,  which  per- 
forate the  vessel-wall  and  penetrate  the  tissue-elements,  the  parasite 
forms  for  itself  an  alveolus  in  Cflisson’s  capsule.  Or  similar  cavities  may 
be  formed  in  the  tissue-spaces  independently  of  the  blood-vessels.  The 
contorted  chitinous  vesicle  is  the  horaologue,  not  of  an  ordinary  echino- 
coccus bladder  but  of  a ripe  segment  of  a taiiiia,  because,  like  the 
latter,  it  can  produce  living  embryos;  these,  again,  are  capable  of 
repeating  the  activities  of  its  parent  either  in  adjacent  tissues  or  distant 
organs.  Hence  its  malignant  characters  and  at  the  same  time  the 
explanation  of  its  multilocular  character.  The  active  factor  in  the 
reproductive  process  is  the  finely  granular  protoplasm  which  lies  <jut- 
side  as  well  as  inside  the  folds  of  the  chitinous  formation,  and  ma}’ 
manifest  its  activities  under  three  forms — (1)  scolices,  as  in  ordinary 
hydatids;  (2)  imrnatui'e  embryos,  more  or  less  spherical  and  without  a 
capsule  (Jugendform) ; and  (3)  mature  ovoid  embryos  with  a chitinous 
capsule. 

The  scolices,  being  developed  in  embryonic  tissue  which,  contrary 
to  Avhat  happens  in  the  E.  lujilatidoms,  is  directly  in  contact  with 
the  tissues  of  the  host,  are  consequently  exposed  to  the  phagocytic 
action  of  the  tissue-cells,  and  so  become  destroyed.  It  is  for  this  reason 
that  scolices  are  difficult  to  find  in  the  tumour  formation  of  Echinoroccm 
alveolaris.  The  same  reason,  according  to  this  Avriter,  accounts  for  the 
almost  constant  failure  of  feeding  experiments,  except  those  of  v. 
IMangold  and  Miiller ; for,  apart  from  their  paucity  in  number,  the 
scolices  reach  the  intestines  of  the  dog  in  an  exhausted  condition.  ( )n 
the  other  hand,  feeding  experiments  AAuth  the  endogenously  producefl 
scolices  of  Echinococcus  hydatidosus  are  genei’ally  successful,  because 
these  are  in  full  vigour  consequent  on  their  development  Avithin  a cavity 
Avhich  protects  them  from  the  phagocytic  action  of  the  host’s  tissues. 

The  immature  embryos  (Jugendform)  AV'ander  into  the  lymphatics 
and  blood-capillaries,  and  there  develop  into  sterile  and  abortive  vesicles, 
Avhich  eventually  disappear  in  the  necrotic  changes  Avrought  by  their  OAvn 
toxins  amongst  the  tissue-elements  of  the  part. 

.V.  like  fate  may  befall  some  of  the  ovoid  embryos ; others  of  these, 
if  their  vigour  be  reduced  or  if  the  tissue -reaction  be  strong  enough, 
may  become  encapsulated  by  firm  connective-tissue,  and  in  these  cir- 
cumstances the  parasite  dies  and  undergoes  calcareous  infiltration  ; more 
often,  hoAvever,  they  also  fall  victims  to  the  necrotic  processes  Avhich 
they  initiate.  Other  ovoid  embryos,  again,  may  make  their  Avay  into 
blood  or  lymphatic  vessels  by  amoeboid  movements,  and  be  carried  like 
emboli  to  distant  organs  Avhere  they  form  metastases. 

The  presence  of  a surviving  parasite  leads,  on  the  one  hand,  to 
sclerosis  of  the  connective -tissue  of  the  part,  and  thus  to  an  alveolar 
formation,  and,  on  the  other  hand,  to  caseous  degeneration  Avhich  may 
affect  both  the  neoplasm  and  the  adjacent  parenchyma  of  the  auscus. 
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According  to  the  predoniinunce  of  the  one  or  the  other  of  tliese  change.s, 
.MelnikoAv-liaswedeidvOW  classifies  these  tumours  as  belonging  to  (a)  an 
alveolar,  a caseous,  or  (y)  to  a mixed  form  in  which  both  kinds  of 
changes  may  co-exist  to  an  equal  degree.  The  alveolar  form  prevails 
in  primary  tumours,  and  the  caseous  in  secondary  or  metastatic  growths. 

Morbid  Anatomy. — In  the  light  of  its  mode  of  origin  we  may  now 
consider  a little  more  in  detail  the  general  structure  of  the  tumour  of  an 
alveolai-  echinococcus.  The  stroma  detining  the  characteristic  alveolar 
spaces  consists  principally  of  a firm  sclei'osed  connective -tissue  derived 
from  the  organ  in  which  the  growth  has  developed ; l)ctwecn  the 
constituent  fibrilhe  of  this  is  a finely  granular  detritus,  consisting  of 
remnants  of  degenerated  cells  of  the  organ,  the  protoplasmic  substance  of 
the  parasite  and  abortive  vesicles  resulting  from  arrested  development  of 
some  of  the  emlnyos  formed  therefrom.  With  the  continued  growth  of 
the  parasite  disturbances  of  nutrition  supervene,  due  partly  to  mechanical 
pressure,  and  partly  to  the  toxic  influences  exerted  by  the  embryo.s, 
especially  by  the  immature  forms.  As  an  additional  factor  there  is 
obliterating  endarteritis  in  the  immediate  vicinity  of  the  tumour  Avhich 
accounts  for  the  absence  of  bleeding  on  section  that  has  frequently  l)een 
obsei’ved.  The  alveoli  contain  more  or  less  numerous  plugs  of  colloid 
material  which  are  easily  removed  with  forceps,  and  are,  in  effect,  greatly 
contorted  and  folded  chitinous  vesicles  with  the  embryonic  protoplasmic 
substance  disposed  as  previously  described.  These  vesicles,  being  en- 
dowed with  the  faculty  of  producing  living  embryos,  are  the  homologues 
of  the  terminal  segments  of  the  tiunia  in  the  intestinal  canal  of  the 
intermediate  host.  The  alveoli  are,  for  the  most  part,  aggregated 
towards  the  centre,  but  they  may  be  scattered  throughout  the  whole 
growth  ; they  are,  independently  of  the  contained  vesicles,  lined  by  a 
thin  chitinous  layer.  Eventually  caseation,  preceded  by  coagulation- 
necro.sis  of  toxic  origin,  ensues  and  produces  a condition  resembling  that 
of  a gumma  or  solitary  tubercle.  The  caseous  foci  are  permeated  by  a 
felt-like  disposition  of  fine  fibres.  Thu.s  the  tumour,  at  this  stage, 
represents  an  extinguished  intlammatory  centre  in  which  degeneration 
and  necrosis  have  predominated. 

The  peripheral  or  boundary  layer  of  the  tumour,  the  outline  of  which 
is  uneven,  is  composed  of  granulation-tissue,  and  presents  a cavernous 
structure,  the  spaces,  however,  being  microscopic  and  not  macroscopic  as 
in  the  case  of  the  alveoli.  This  zone  contains  numerous  immature  forms 
which  may  emigrate  farther  into  the  neighbouring  ti.ssues,  which  shew 
endarteritis  and  endophlebitis,  and  characteristic  granulomas  enclosing 
embryos  and  containing  epithelioid,  lymphoid,  and  giant-cells.  Sooner 
or  later  in  almost  all  pi'imary  tumour’s  the  centre  of  the  growth  l)reaks 
down,  thrrs  leading  to  the  formation  of  arr  anfractrrorrs,  and  often  large, 
cavity  which  is  the  orrtcome  of  destnrctive  changes  wrought  by  irruption 
of  bile  and  by  pyogenetic  infection.  The  cavity  has  ragged  Avails,  and  is 
filled  with  purulent,  bile-stained  fluid  contairring  shreds  of  chitin,  frag- 
ments of  the  organ  involved,  scolices,  booklets,  bilirubin,  cholesterin,  fat- 
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crystals,  and  chalky  concretions.  Thus  the  fluid  of  these  tumoui’s  is  a 
pathological  product,  and  not  physiological  as  in  the  case  of  hydatidose 
echinococci.  Such  cavities  are  very  similar  in  character  to  those 
residting  from  tuberculous  excavation  of  the  lungs.  In  metastatic 
tumours,  which  do  not  as.sume  large  dimensions  though  they  undergo 
caseous  degeneration,  excavation  is  generally  absent. 

As  with  ordinary  echinococcus  tumours,  so  also  with  the  alveolar 
form  ; when  a part  of  a viscus  is  occupied  by  a parasite  the  remainder 
undergoes  a compensatory  hypertrophy,  a condition  which,  when  it  occurs, 
should  be  significant  to  the  exploi'ing  surgeon. 

Primary  alveolar  echinococcus  tumour  occurs  in  man  Avith  by  far  the 
greatest  frequency  in  the  liver ; in  other  organs  it  is  rare,  but  primary 
growths,  although  not  broken  down  in  the  centre  as  in  the  liver 
tumours,  have  been  found  in  the  brain,  spleen,  lung,  kidney,  and  adrenals 
(MelnikoAv-Raswedenkow).  On  the  other  hand,  metastases  from  a liver 
tumour  occur  most  frequently  in  the  lungs,  lymphatic  glands,  and  brain. 

Geographical  Distribution. — Utilising  Posselt’s  statistics,  and  adding 
20  additional  cases  of  his  own,  MelnikoAA^-KasAvedenkow  records  a total 
of  235  collected  from  all  sources.  The  analysis  of  these  235  cases  shews 
a remarkable  geographical  distribution,  for  no  less  than  214  of  them  can 
be  assigned  to  the  folloAving  regions  : — 


Bavaria  . .....  .57 

Tyrol  and  other  Austrian  Alpine  distiicts  . . 30 

Switzerland  .......  32 

Wiirtemlierg  . . . . . . .2.5 

Russia,  including  Ea.«t  Siberia  . . .70 


214 

The  I'emaindei'  for  the  most  part  occurred  as  single  cases  or  in  numbers 
not  exceeding  two  or  three  in  various  other  South  German  or  Central 
European  districts,  while  three  are  recorded  from  Italy,  one  (or  two) 
from  France,  and  one  (a  German)  from  the  United  States.^  None  haA^e 
occurred  in  Great  Britain  or  in  Iceland  and  Australia,  Avhere  Echiiwcocais 
hydaUdosuA  is  so  common.  South  Germany,  SAvitzerland,  and  the 
Austrian  Alpine  region,  on  the  one  hand,  and  Rus.sia  (including  East 
Sil>eria),  of  Avhich  the  Moscoav  and  Kasan  districts  seem  to  be  the  chief 
centres,  on  the  other,  stand  out  as  the  two  principal  regions  where  the 
alveolai’  echinococcus  is  endemic  and  relatively  prevalent.  In  seeking 
to  correlate  the  preA'alence  of  this  disease  Avithin  such  comparative!}’ 
restricted  areas  A\-ith  its  causes  Posselt  emphasises  the  ftict  that  of  the 
domestic  animals  great  cattle  are  almost  exclusively  affected  Avith  it, 
Avhile  it  is  exceedingly  rare  amongst  sheep  and  SAvine ; and  he  further 
states  that  the  areas  of  distribution  of  the  disease  for  man  and  cattle 
coincide.  "With  this  he  contrasts  the  prevalence  of  hydatidose  echino- 
cocci, to  the  complete  exclusion  of  the  alveolar  form,  in  such  countries  as 

’ I’rofe.ssor  Osier  refers  to  .six  eases  in  the  United  States,  chieHy  in  Uermans. 
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K-ol;uid  and  Australia,  and  in  such  European  districts  as  JMecklenhurg, 
Eonierania.  and  Dalmatia,  Avhcre  the  sheep  industry  is  dominant  over 
that  of  cattle.  From  such  considerations  human  infection  is,  according 
to  this  Avriter,  atti'ibutable  to  the  association  of  man  with  the  beasts  in 
(piestion,  often  in  close  confinement  in  stables  and  under  conditions  Avhich 
are  filthy  in  the  extreme.  Though  he  is  unal>le  to  state  the  exact  means 
by  which  man  is  infected,  he  implies  that  the  dog  is  an  unnecessaiy 
factor  in  the  process,  and,  as  already  stated,  he  adopts  the  view  that  tlie 
alveolar  echinococcus  is  the  product  of  a t?enia  specifically  different  from 
that  giving  rise  to  the  hydatidose  variety.  Against  this  view  of  the 
agency  of  cattle  Melnikow-Kaswedenkow  raises  the  pertinent  objection 
that  in  the  majority  of  the  Ifussian  cases  (of  which  he  himself  brings 
forwai’d  so  large  a number  in  addition  to  those  of  Posselt  as  to  constitute 
Russia  the  principal  centre)  infection  cannot  be  thus  explained,  inasmuch 
as  the  greater  number  of  the  sufferers  followed  occupations  which  did  not 
bring  them  into  special  association  with  cattle.  Moreover,  he  points  out 
that  in  Russia  there  is  no  line  of  demarcation  l)etween  the  areas  of  dis- 
tribution of  the  alveolar  and  hydatidose  forms.  Nevertheless,  it  remains 
true  that,  generally  speaking,  there  exists  a remarkable  difference  in 
the  areas  of  distribution  of  the  two  forms  of  parasite ; this  in  it.self  is 
very  significant. 

Occurrence  in  Animals.  — In  contradistinction  to  the  Echinococcxi^ 
h/ichtiidosits,  which  has  been  found  in  a considerable  number  of  different 
animals,  the  alveolar  form  is,  as  yet,  only  known  to  occur  in  large  cattle, 
sheep,  and  pigs — in  the  first-named  with  considerable  frequenc}^,  in  the 
last  two  but  rarely.  Its  biological  features,  general  characters,  jjatho- 
logical  conditions  and  effects  upon  the  tissues  of  the  host  are  in  the  main 
the  same  as  in  man,  l)ut  it  is  stated  that  excavation  is  less  frequent  and 
scolices  more  rarely  present  than  in  man. 

Clinical  Aspects. — As  a primary  tumour  it  has  been  found  in  the  liver, 
the  brain,  the  spleen,  lung,  the  kidney,  and  adrenals,  and  as  secondary 
or  metastatic  deposits  in  the  lymphatic  glands,  lungs,  diaphragm,  gall- 
bladder, peritoneum,  mesentery,  and  kidneys.  It  has  generally  been 
unexpectedly  discovered  post-moitem,  having  been  quite  overlooked  during 
life.  But  of  later  years  it  has  been  diagnosed  in  several  instances  when 
affecting  the  liver. 

The  Liver. — Alveolar  erhinococeax  xi/mpfovis. — The  earliest  manifesta- 
tions are  usually  gastric  and  intestinal  disturl)ances,  such  as  anorexia, 
nausea,  vomiting,  constipation  or  diarrhoja,  Avith  perhaps  Aveight  and 
fulness  in  the  hepatic  region,  but  in  many  cases  appetite  and  digestion 
have  been  perfect.  Jaundice  is  sj)ecially  frequent,  occurring  in  80  per 
cent  of  the  cases  according  to  recent  statistics.  It  comes  on  early,  on  an 
average  about  tAvo  years  befoi'e  death,  and  is  sometimes  the  first  sjmiptom ; 
it  is  Avell  marked  and  often  intense,  is  persistent  and  fairly  constant  in 
degree,  though  it  occasionally  remits,  especially  if  the  groAvth  should 
soften  and  diminish.  It  gradually  induces  its  usual  concomitants,  pale 
stools,  choluria,  sIoav  pulse,  pruritus,  h.-emorrhages,  emaciation,  and  Aveak- 
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ness,  ;ind  is  most  commonly  the  cause  of  death.  Patients  in  whom 
icterus  is  absent  or  slight  generally  live  longer.  From  pressure  on  the 
poi'tal  vein  or  invasion  of  its  walls  ascites  and  enlargement  of  the  spleen 
may  result,  but  both  these  conditions  arc  uncommon.  Interference  with 
the  return  of  Itlood  through  the  inferior  vena  cava  occasionally  produces 
u'dema  of  the  legs,  and  dilatation  of  the  veins  in  the  abdominal  wall. 
Pvrexia,  when  present,  is  due  either  to  complications  or  to  inflammation 
in  or  around  the  liver.  If  the  jjarasite  be  central  the  liver  is  uniformly 
enlarged  upwards  or  downwards,  with  perhaps  a rounded  edge,  and  a 
firm  consistence,  so  as  to  simulate  a large  cirrhotic  liver.  P)Ut  if  situated 
on  or  near  its  surface  a nodulated,  very  hard  outgrowth  results.  Some- 
times even  then  its  inequalities  are  counterbalanced  by  great  thickening 
of  the  capsule  between  them  so  as  to  yield  a dense  uniform,  almost  stony 
prominence.  Should  its  centre  undergo  degenerative  softening  the 
tumour  will  be  soft  or  even  fluctuating  to  palpation.  'renderness  is 
absent  uidess  localised  peritonitis  or  perihepatitis  supervenes. 

The  duration  of  life  varies,  and  generally  extends  to  several  years ; 
in  one  case  it  was  fifteen  after  invasion  b}'  the  parasite. 

Dingnosis. — From  cirrho.sis  of  the  liver. — (n)  In  the  early  stage  of 
eidargement  the  liver  is  uniformly  increased  in  size,  slightly  tendoi-, 
smooth,  and  not  very  hard.  There  is  a history  or  the  evidciuo  of 
alcoholism,  and  dyspeptic  symptoms  are  marked,  and  there  ma\'  be 
evidence  that  the  patient  has  never  lived  in  a locality  where  the 
Echinococcus  alve.olaris  is  endemic.  {h)  In  the  contracted  stage  the 
organ  is  small,  with  a granulated  surface,  and  uniformly  firm,  daundice 
is  late  and  only  moderate,  ascites  is  marked,  splenic  enlargement  con- 
siderable, and  the  general  health  much  impaired. 

In  carcinoma,  which  resembles  alveolar  hydatid  more  closely  than 
does  any  other  disease,  the  liver  may  be  very  greatly  enlarged  and 
\ ery  tender  on  pressure,  with  marked  alteration  in  form,  a very  irregular 
margin,  and  with  bosses  perhaps  umlulicated  ; not  of  stony  hardness, 
nor  with  any  extensive  area  of  softness  or  fluctuation.  It  nearl}^  always 
occurs  in  later  life,  is  of  short  duration,  rarely  lasting  more  than  a ycai’, 
and  is  associated  with  much  wasting  and  cachexia,  and  with  ascites. 
The  spleen  is  not  enlarged,  and  it  maybe  clear  that  the  patient  does  not 
come  from  an  infected  district. 

From  Echinococcus  hi/dafidosns. — This  may  occur  in  childhood  (the 
E.  alvcolaris  has  not  been  observed  before  puberty).  The  jiromincnce 
may  be  a large,  round,  smooth  elastic  cyst,  not  stony  and  not  fluctuating. 
Icterus  is  scarcely  ever  present  apart  from  suppuration.  It  is  found 
commoidy  in  certain  districts,  as  Iceland,  Australia,  etc.,  where  E. 
alveolaris  is  unknown ; whereas  this  is  endemic  in  other  parts,  as 
Russia,  Bavaria,  Switzerland,  and  tlie  Tyrol. 

As  aids  to  diagnosis  the  sputum,  urine,  and  fmces  should  be  examined 
for  ovoid  embryos  or  other  constituents  discharged  from  metastases  in  the 
lung.s,  the  kidneys,  and  the  bowels. 

In  a case  of  primary  alveolar  hydatid  of  the  lung  recorded  by  Reimn 
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a pneumothorax,  which  had  existed  for  two  years,  became  transformed 
into  a pyo-pneuniothorax  shortly  before  death.  The  existence  of  the 
parasite  was  not  snspected  during  life. 

Traitiiienf. — This  has  .so  far  been  very  unsatisfactory.  It  has,  in  ttvo  or 
three  instanees,  been  shewn  that  a primary  tumour  of  the  liver  can  be 
remove<l  with  a successful  result,  provided  it  be  discovered  sutlicientlv 
early,  l)ut  this,  from  the  difficulty  of  diagnosis  in  an  early  stage,  has  very 
rarely  happened.  On  the  other  hand,  all  surgical  interference  with  large 
tumours,  especially  when  excavation  has  taken  place,  has  been  totally 
unsuccessful,  or  even  impracticable,  from  the  difficulty  of  removing  the 
whole  focus  of  infection ; .some  attempts,  indeed,  have  been  attended  with 
di.sastrous  results  from  profuse  and  fatal  Inemorrhage.  The  first  con- 
sideration, therefore,  from  a therapeutic  point  of  view,  is  to  improve  the 
method  of  diagnosis  so  that  tumours  may  lie  disco^'ered  at  a stage 
sufficiently  early  to  permit  of  their  removal.  Partial  removal  or  evacua- 
tion of  the  flnid  contents  are,  of  course,  futile,  as  the  active  part  of  the 
growth,  with  ])Otentialities  for  ftirther  spread  and  dissemination,  is  left. 

Attempts  have  been  made  to  destroy  the  activities  of  the  growth  by 
the  local  use  of  parasiticidal  fluids,  and  in  one  such  case  the  repeated 
injection  of  formalin,  through  a surgically  established  fistula,  was  dis- 
tinctly Ijeneticial  as  regards  the  general  conditions,  though  the  jmtient 
died  eventually  from  intercurrent  tuberculosis.  Such  a case,  however, 
encourages  the  continued  trial  of  all  substances  likely  to  have  a local 
parasiticidal  effect.  In  the  meanwhile,  efforts  should  be  made  to  obtain 
some  subshince,  possibly  a pro2)hylactic  or  curative  serum,  which  might 
act  through  the  blood ; in  this  relation  the  beneficial  effect  of  iodide  of 
])otassium  on  the  analogous  infective  granulomas  of  syjihilis  and  actino- 
mycosis suggests  that  this  drug  should  be  thoroughly  tried  in  the  case  of 
this  parasite.  Seeing  that  the  active  agents  in  alveolar  echinococcus 
disease  are  the  amteboid  embryos,  the  iwoblem  to  be  soh'ed  here  is  of 
the  same  nature  as  in  amoebic  abscess  of  the  liver  and  in  trypano- 
somiasis, in  which  the  jmrasites  to  be  destroyed  are  of  a jirotozoan  nature. 
In  amoebic  abscess  the  analogy  with  echinococcus  disease  is  close,  for  in 
Itoth  there  is  a sujipurating  cavity  with  the  actively  destructive  embi’yos 
congregated  at  the  periphery  of  the  tumour.  But  though,  both  for  the 
parasites  of  hei)atic  abscess  and  of  trypanosomiasis,  several  substances 
liave  been  shewn  to  be  lethal  outside  the  body,  none,  with  the  possible  exce^)- 
tion  of  injection  of  quinine  in  amoebic  abscess  (Rogers  and  AAdlson),  have 
yet  been  effectual  infra  vifam.  Nevcrthele.ss  the  investigations  in  these 
diseases  indicate  the  lines  on  which  we  must  proceed  in  alveolar  echino- 
coccus for  the  discoveiy  of  a cure  by  medical  treatment.  As  Melnikow-Ras- 
wedenkow  remarks,  the  treatment  of  infecticjus  disea.ses  has  been  successful 
just  in  proportion  as  we  have  attained  to  a knowledge  of  the  life-history 
and  conditions  of  the  causative  agent ; thus  here,  also,  more  complete 
information  on  this  head  is  the  first  requisite  for  j)rogress  in  thera- 
])eu.sis. 

In  the  absence  of  an  adequate  knowledge  of  the  biological  asi)cct  of 
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the  subject  we  are  unal»le  to  speak  of  means  of  prophylaxis,  for  we  do 
not  know  tlie  source  from  which  infection  is  in  the  first  place  derived, 
'fhere  is  no  direct  evidence  to  implicate  the  dog  as  an  intermediate  host, 
as  in  ordinary  hydatids,  and  though,  as  stated  above,  I’osselt  believes  the 
human  disease  to  l)e  in  .some  way  associated  with  its  occurrence  in 
horned  cattle,  yet,  from  what  has  appeared  under  the  head  of  geographical 
distribution,  this  view  cannot  be  .said  to  be  established.  It  is,  however, 
satisfactory  that,  after  a long  period  during  which  our  knowledge  of  this 
malignant  and  dangerous  malady  has  remained  stjitionaiy,  it  has  of  recent 
years  received  increased  and  intelligent  study  at  the  hands  of  some  very 
competent  investigators  from  whose  work  much  new  and  im|)ortant 
information  has  already  accrued. 

K.  C.  Stiklinu;. 

.1.  r.  Vkkco. 
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Abscess,  tropical,  of  liver,  579-605  ; siipra- 
hepatic,  588 

Acauthocepliala,  955-957 
Acanthophis  antarcticus,  784,  795 
Acari  {see  Ticks),  187-203 
Acartomyia,  16(5 

Acephuloeystis  of  Laeiinec,  977,  989 
Achm-ion  sckoenleinii,  745 
Achromaiic-us  [Plasmodium),  74 
A CIS  spinosa,  843 
Actiiiomyxidia,  98 
Adelea  ovata  (Fiffs.  39,  40),  70 
Alien  ulcer  (tropical  pliagediena),  739 
Aedinw,  166 

Agglutination  test,  the,  in  cholera,  452  : in 
dysentery,  492  ; in  Malta  fever,  432  ; 
in  jilague,  383 

Ainhuin,  728-731  ; leprosy  and,  729  ; 
l>athology,  728  ; sclerodernda  and,  729  ; 
symptoms,  730  ; treatment,  731 
Albuminuria,  in  chyluria,  941  ; in  malaria, 
255,  257,  264  ; in  snuke-bite,  797,  808 
Ahlrichia,  156 
Alectorohiiis,  189,  196 
Aleppo  boil,  parasites  in,  50 
Alternation  of  generations  in  Protozoa,  13 
Amblyovima,  192,  197  ; carrier  of  “heart- 
water  ” disease,  198 

Amoeba  blattoe,  17  ; biiecalis,  18,  21  ; eoli 
(Fig.  1,  p.  19),  18,  532  ; colt  milis,  532  ; 
dysenteric',  532  ; histolytica  (Fig.  2,  i>. 
20),  18-20,  535 
Amoebtea,  16-21 
Amoebula,  12 

Amphistomum  hominis,  862;  wolsoni,  862 
Amyloid  disease,  in  leprosy,  665  ; in  malaria, 
250,  251  ; in  tropical  liver,  571 
Annemia,  in  malaria,  264  ; in  ])oiios,  606, 
610  ; in  tapeworm  infections,  850 
“Anakhre,”  see  Goundou,  731-734 
Anasarca  in  malaria,  265 
Ancistrodon  contortrix,  783;  ^«'senYi/-ns, 
783 

Angiostomida;,  952-955 
Anguillula  intestinalis  et  slcrcoralis,  952 
Angulllulida;,  919 
Anisogamy,  12 
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A'nisohcbis  tt miulijjes,  843 
Ankylostoma  dtiodenale  (Figs.  178  - 184), 
895-898  ; and  Slroncjyloides,  953  : in  kala 
azar,  237  ; in  water-itch,  760,  898  ; ova, 
898 

Ankylo.stomia.sis,  899  -905;  and  beriberi, 
641,  900  ; and  water-itch,  760  ; lilood- 
changes  in,  902  ; diagnosis,  902  ; hamio- 
lysis  in,  897,  900  ; pathological  anatomy, 
903  ; prophylaxis,  905  ; symptoms,  901  ; 
treatment,  904 
Annamite  .sore,  739 

Anopheles  (sec  Mosquitoes),  122-168,  151  ; 
host  of  malarial  parasites,  82,  243  ; in 
lilariasis,  936,  938 
Anophelinse,  148-157,  243 
Anti-venomous  serums,  811-819  ; sueciticitv 
of,  812  815 
Ants  and  plague,  374 
Aphtlue,  chronic  (sprue),  545-566 
AjchthcL  tropicie  (.sprue),  545-566 
Apiosoma  (Piroplasma),  86 
Aponomma,  192 
Apojilexy,  Heat-,  771 
Archispores,  11 

AretaBus  on  hydatid  di.sease,  976 
AryOJt,  189;  .1.  moubata  and  iilariasi.s, 
933  ; miniatus,  194  ; and  tick  lever,  302  ; 
and  yaws,  697  ; persievs,  193 
Argasidae,  189 

Arion  and  Dieroeodium,  857 
.1  rribcdzagm,  1 53 
[ Arsenic  and  leprosy,  687 
I Artdcanthus  pvmilio  xnd  \i[a,^o.e,  377 
I Ascariihe,  884-893 

( Asccm's  (data,  889  ; lyr//,  894  ; ranis  (Fig. 

I 174),  889,  893  : canicifhr,  889  ; cati, 

i 889  ; fells,  889  ; lumbriroides  (Figs.  169- 

I 173),  885-889,  symiitoms,  888,  treat- 

ment, 889  ; maryinala,  889  ; maritima, 
890  ; mart  is,  893  ; mystax,  889  ; renal  is, 
893  ; teres,  889  ; trnnsfvya,  890  ; 
triehiura,  906  ; tricuspidata,  889  ; ver- 
micularis,  890  ; visceralis,  893  ; verneri, 
889 

' Asopis  farinalis,  843 

I Asylum  dysentery  (.see  Dysentery),  477-545; 
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aUi>  478,  488,  49J,  oOO,  511,  514  ; tivat- 
MIL'Ilt,  517 

Athene  iioctiia  and  trypanosouiiiisis,  85  ; 

ami  Spirorlio  ta  zienianni,  43 
Atoxyl,  208,  225 

A uchiiie.romi/ia  luteula  [Fig.  108),  184 
Australian  snakes,  bites  of,  809 
Autogamy,  18 

1}  ibesiu  (PirnplMsuut),  86  ; in  spotted  fever, 
807,  311  ; similar  organism  in  dengue, 
853 

/jacilliis  dysenterio-  (Flexner),  490-502  ; 
(Shiga),  490-503  ; agglutination,  492  ; 
characteristics,  490-494;  immunisation 
by,  493  ; in  healthy  persons,  502  ; isola- 
tion, 494,  500  ; priority  in  discovery  of, 
496-498  ; types,  498 
Bacillus  leprw,  654,  665-673 
Bacillus  peslis,  365-383;  toxin,  379; 
virulence,  378 

Bacillus  pseudo-tuherculosis  rodeutiinii,  378 
Bacillus  pyocyaneus  in  dysentery,  489 
Hacteria  and  disease,  8 
BacteriuM  bristolcuse  ami  plague,  878 
Bael  fruit  in  dysentery,  522  ; in  sprue,  561 
Balautidiuuh  coli  (Fig.  80),  118,  544 
Balbiaiiia,  106 
Bandicoots  and  plague,  377 
Barbiers  (beriberi),  615 
“ Barcoo  rot,”  744 
Barkers,”  769 

Bats,  malarial  parasites  in,  74,  82 
Bdella  nilotica,  959 

Beauperthny  treatment  of  leprosj',  the,  686 
Bed-bugs  and  beriberi,  626  ; in  European 
relapsing  fever,  46 ; in  kala  azar,  58  ; in 
plague,  374  ; in  spotted  fever,  803,  306, 
811 

Beriberi,  615-643  ; and  trichinellosis,  918  ; 
bacteria  and,  619  ; blood  changes  in,  637  ; 
death  in.  638  ; diagnosis,  640  ; diagnosis 
from  sleeping  sickness,  224  ; distribution, 
616;  ‘’dry,”  681;  etiology,  619-627; 
fever  and,  682  ; food  and.  623  ; gastro- 
duodenitis  and,  629  ; history,  615  ; insects 
and,  626  ; mortality,  638  ; nm.scles  in, 
684-686  ; nitrogen-starvation  and,  622  ; 
ccdema  in,  633  ; pathological  anatomy. 
627-629  ; peripheral  neuritis  in,  627,  630, 
682,  634-637  ; prognosis,  639  ; soil  and, 
624  ; relapse  in,  689  ; rice  and,  623  ; 
•synonyms,  615  ; symptoms,  629-638  ; 
treatment,  641  ; urine  in,  633  ; “wet,” 
632 

^-naphthol  in  helminthiasis,  904 
“ Bibo,”  195 

Bicho,  El  (dysentery),  514 
Bilkarzio,  hwmatobia,  863  ; mayua,  870 
Bilharziasis,  864-883  ; and  chyluria,  942  ; 
blood -changes  in,  877  ; complication.s, 
878  ; diagnosis,  878  ; distribution.  864  ; 
etiology,  870  ; infection  in.  868-870  : 


morbid  anatomy,  871-874  ; natural  history 
of  panusite  of.  865-868  ; prevention,  881  : 
progno.sis,  879  ; symptoms,  874-877  : 
treatment,  880  : zoology,  870 
Bilirubin  in  hydatid  di.sease,  1003 
I Biopsy  in  trichinellosis,  917 
1 “ Birket,”  869 
' Biroudla,  156 
Bischeo  (dy.sentery),  514,  522 
[ Bitis  arietans,  788 

Black  vomit,  the  (yellow  fever),  318,  338; 

111  ])lague,  400 
Black-]iitted  tick,  199 

j Blackwater  fever,  289-301  ; causation,  290- 
I 295  ; diagnosis,  299  ; malarial  parasites 

in.  291-294  ; morbid  anatomy,  295  ; pro- 
phylaxis, 300  ; iininine  and,  294-295  ; 
symptoms,  296  ; treatment,  299 
I Bladder,  the,  in  bilharziasis,  871,  875 
B/aps  Mucronata,  957 

Blatta  orientalis,  amodia'  and,  17  ; and 
[ plague,  374 

j Blepharoceridie,  1 70 

Blepharopla.sts  in  the  mastigophora,  25 
Blood-changes  in  ankylostomiasis,  902  ; in 
beriberi,  637  ; in  bilharziasis,  877  ; in 
blackwater  fever,  297  : in  cholera,  460  ; 
in  dysentery,  510  ; in  lilariasis,  926, 
939  ; in  helminthiasis,  849,  888,  908, 
953 ; in  malaria,  251,  256,  258 ; in  Malta 
fever,  431  ; in  plague,  400  ; in  ponos, 
610,  613  ; in  snake-bite,  801  ; in  tick 
fever,  304  ; in  trichinellosis,  916  ; in 
yellow  fever,  331 

Blood-sucking  Hies  (Figs.  98-108),  169-185  ; 
tick.s,  187-203 

Bodo  lacerta;,  2.5,  28  ; lens  (Fig.  4),  29  ; 
urinarius  (Fig.  5),  29 

Bone-marrow,  in  blackw.atcr  fever,  296  ; in 
malaria,  251 
“Bout”  tick,  the,  198 
Boophilus,  193 
“ Borrachndo”  midges,  176 
Buthriocephalns,  849  ; balticus,  845  ; cor- 
(latus,  847;  cristatus,  845;  latissimus, 
845  ; latus,  845-847  ; liyuluidrs,  847  ; 
tivjncus,  834 
“Boudda”  (latah),  769 
Brain,  the,  cysticerci  and,  840.  989.  998  : 
in  blackwater  lever,  296  ; in  malaria, 
248  ; in  yellow  fever,  331 
“Brand  Zeer”  (Veld  soi'e),  744 
Breeze-Hies,  177-181 

Brood-capsules,  834  ; .see  <dsn  Echinococcus 
hydatidosus 
“Brfilot”  Hie.s,  173 
Bubo,  climatic,  723-728 
Buboes  in  ])l.ague,  398 
Bubonic  ]dague  (see  Phague),  396-402 
Buflalo-gnats,  173 

Bugs  (see  Bed-bugs),  46,  53,  303,  806,  311. 
374,  626 

“Bunches”  in  ankvlostomiasis,  898 
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Jiitiii/ai'it.i  cu’fulcHs,  783,  793-803  ; Uite  <0', 
SOf),  812-815  ; fascial  ns,  783,  797-803  ; 
bite  of,  803,  812-815 
" Huttoii-seuvvy  ” iiinl  yaws,  393 

Cachexia  in  malaria,  264,  235  271 
Calabar  swellings,  930-932 
Calenture,  771 
Cancer,  parasites  of,  114 
Capitulum,  188 

Capybara  ami  trypanosomiasis,  32 
“Carate”  (pinta),  750-753 
‘•Caribi  sickness”  (dysentery),  514 
Caris,  189 
Caryoi'yctes,  113 
Cashew-nut  oil  in  leprosy,  386 
Cattle  and  Ta  nia  sayinata,  835  ; East  Coast 
fever  of,  87  ; piroplasmosis  of,  87  ; Rhod- 
esian redwater  fever  of,  87  ; sarcospor- 
idiosis  of  (Fig,  73),  103  ; spirillosis  of, 
302  ; ticks  and  “coast  fever,”  199 
Causus  r/ioiiibeatus,  783 
Cellia,  155 
Cephalont,  63 
Cerastes  cornutus,  783 
Ce.ratkcodes,  191  ; put  as,  191 
C'eratophyius/asciatus  and  plague,  375 
Ceratopoyon  pulicaris  (Fig.  98),  172 
Cercaria,  852 

Cercomonas  intestinalis,  55 
Cercopithecus  albogidaris  and  Porocephalus, 
959  ; f uligiiwsus,  870 
Cestoda,  831-851  ; general  description,  831- 
834 

Cetonia  aurutns  and  Hiyantorhynclms,  957 
“ Ch.agres  fever”  (malaria),  244 
Charcot’s  crystals  in  hydatids,  1002 
Chanlmoogra  oil  in  leprosy,  385 
Ckeiracanthus  siamensis,  955 
Chelicerw,  188 
Cheloids,  tropical,  766 
Chigoe,  761 

Chilodon  ciicidlulus  (Fig.  79),  117 
“ Chinche,”  193 
Chironomidse,  the,  172 
Chitin,  the,  of  hydatids,  1000 
Chlamydophrys  sterc&rea  (Fig.  3,  p.  22),  21 
Chloromyxum  leydiyi,  98 
Chlorosis,  Egyptian,  900 
Cholera,  435-477  ; agglutination  test,  452, 
457  ; bacteriology,  448-458  ; cholera  sicca, 
466;  collapse  in,  464  ; cramps  in,  464  ; dia- 
gnosis, 468  ; diet  in,  476  ; endemic,  443; 
epidemic,  443-445  ; eruptions  in,  467  ; 
etiology  and  epidemiology,  440-448  ; forms 
of,  465-468  ; history  and  geography,  436- 
440  ; immune  .sera,  455  ; incubation,  463  ; 
“ Indian  cholera-pills,”  473  ; individual 
susceptibility  to,  442  ; intravenous  in- 
jections in,  473  ; morbid  anatomy,  458- 
462  ; prognosis,  469  ; fpiarantine  a 
failure  in,  439;  prophylaxis,  470;  sanita- 
tion and,  440,  447  ; .sequels,  468  ; soil 


and,  447  ; spread  by  drinking-water, 
441-448  ; by  man,  JI45  ; stools  in,  459  : 
symptoms,  463-438  ; toxin  of.  455,  462  ; 
treatment,  470-476  ; three  stages  of.  463- 
465 

Cholerine,  463 

Cholo-ur;emia  in  cholera,  468 
Christy  a,  154 

Chronifitophores  in  Aiuocha  histolytica.  20: 
in  the  inastigophora,  25 
Chromidia  in  protozoa,  11,  15 
Chrysarobiii  in  Dhobie  itch,  749 
C/irysomyia  macellaria.  (Fig.  109).  185 
Chrysops  (Fig.  101),  177-181  ; dimidiatus 
ami  lilariasis,  932 
“Clmnani”  and  Jl.  pestis,  369 
Chylocele,  943,  951 

Chyluria,  940  ; diagnosis,  941  ; treatment, 
950 

Ciliata,  114-119 
Cinehonism,  273 

Cinnamon  in  dysentery,  522,  524 
Cistudo  europaa,  83 

Citellus  columbianus  and  spotted  fe\  er,  307 
Cladvcielium  hepaticuvi,  853 
Cladorchis  ‘watsoni  (Figs.  160,  161),  862 
(.'limate  and  disease,  1-5 
Climatic  bubo,  723-728  ; association  with 
plague,  723  ; bacteriology,  724  ; dia- 
gnosis, 726  ; symptoms.  725  ; treatment. 
727 

Cobra  venom,  789,  797-803;  antiserum  for, 
812-815  ; syiii])toms  due  to,  805 
Coccidia  (Figs.  38-40),  67-73,  78  ; classifi- 
c.ation  of,  73  ; not  proved  to  inlest  man,  67 
Cuccidioides  immitis,  114,  827 
Coccidiosis  in  man,  825-828 
Coccidinm  biyeiiiinum,  826  ; cuniculi.  826  : 
hominis,  826  ; schuberyi  (Fig.  38),  69,  70 
Cockroach,  the,  and  pl.ague,  374  ; host  ol 
A nueba,  17  ; of  Iktcaiuea,  844  ; of  Lopho- 
monas,  56  ; of  Pleistophora  pcriplanetce, 
99 

Coelozoic  sporozoa,  57 
Cmnoyoniinus  heterophyes,  859 
Ccenurus  cerebralis,  981 
Coko  (yaws),  695-703 
“Congo  Hoor-maggot,  the,”  185 
Conjugation  in  protozoa,  12 
Coolie-itch,  760,  898 
Cnrdylobia  aathrupophaya , 186 
Cm'vns  torquatus,  93  1 
Cottus  scrrrpio,  102 

Cotqlniionimus  helerophqcs  (Figs.  154.  155), 
859 

“Coupde  barre"  in  yellow  fever,  333 
Cowti  oil  in  lei>rosy,  686 
Cramps,  muscul.ar,  in  choler.a,  464 
Craw-craw,  759-760,  920 
“ Cre.scents,”  in  malari.a,  77 
Crithidia  (Fig.  24).  49 
Crotalina;,  783,  797  ; antiserum  for  bites 
of,  813-815 
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Vnle.c,  lt)3-165  ; uiiil  berilwri,  t)2(j  ; host  of 
niahirial  parasites  of  birds,  82,  92 
Culex  faligtnis,  164  ; inicroliiarue  and,  938 
Culex  pipiens,  16.=>  ; host  of  Spirochcvla 
ziemanni,  43  ; host  of  Trypanosoma  noc- 
tiuv,  35-41 

C'lilicidfe  (see  Mosquitoes),  122-168 
Culicina;,  157-166 
Cusso,  in  helmintliiasis,  850 
OycUileppterim,  1 52 

Cyclops,  FUaria  medineiisis  and,  923  ; inter- 
mediate host  to  Ilymenokpis,  844 
Cyclospora  caryolytiai,  72 
CynocepluUus  viarmon  and  1‘orocephalus, 
‘959 

Cyst-formation  in  Protozoa,  11,  15 
Cyslicercus,  833  ; torts  (Figs.  122,  123), 
835  ; cellulostt,  837,  839-841  (Figs.  129, 
130),  981  ; multilocularis,  841  ; race- 
mostts,  841 

Cyslomoiius  urinaric,  29 
Cystostome,  115 

Cystotcvaia  mcdiocanellata,  834  ; solii/m,  837 
Cytocyst,  68 
Cytop.vge,  115 

Cytorhycles  luis  in  syphilis,  48,  114  ; vac- 
cinia;, 109  ; variola;  (Figs.  77,  78),  109- 
113;  “intranuclear”  cycle  of.  111  ; 
“vaccine”  cycle  of,  110 
Oytoryctes,  109  ; vaccinia;,  109  ; variolw 
(Fig.s.  77,  78),  109-113 
C^ytoryctidse,  113 

Daboia  rnsselli,  788,  796-803  ; bite  of,  807, 
812-815 

Dactylosoma  ( llwniogregarina),  C2 
“Dam  Dims”  (midges),  175 
Danielssen’s  di.sease  (smooth  lejtrosy),  677 
Danilewskya  (Ikvmogrcgarina),  82 
Darier’s  disease  .and  psorosperms,  827 
“ Dartre.s,”  699 

Darainea  asialica,  831  ; vucdagascariensis, 
844 

De.ath,  sudden,  in  hydatid  operiitions,  1009, 
1012 

Delhi  sore,  parasites  in,  50,  233  ; due  to 
llelcosovia  Iropicum,  55 
hcndromyinw,  1 67 

Dengue,  345-354  ; .and  Culex  fatigans,  165, 
353;  course,  348-352;  di.agnosis,  352; 
distrilmtion,  346  ; history,  346  ; incuba- 
tion, 352  ; mature  of  infecting  .agent,  352  ; 
r.ashes,  initial,  349  ; tennimal,  350  ; symp- 
toms, 348-352  ; treatment,  354 
iMnisonia  superba,  784,  812-815 
Dernmcentor  (Fig.  112),  193,  196;  reticii- 
Intus,  carrier  of  Piroplasma  catii-s,  197  ; 
of  spotted  fever,  307,  312 
Dermatiti.s,  sol.ar,  765 

Dermalobia  nnxialis,  186,  763  ; cyanivsntris, 
763 

Dhobie  itch.  746-749 

hiarrluca  alba  (hill  diarrhoea),  567-570 


Di.arrhcea,  dysenteric,  513  ; summer,  and 
Jlacilhcs  dyscnterkr,  499 
Dibothrioceiihalida!,  845-849 
Dibothriuccplucliu'i  co/’datus,  847  ; (Fig.s. 

133-137),  845-847  ; symptoms,  849  ; treat- 
ment, 850 

Dibothrium  mansoni,  847 
iJicroarlium  lanceatuin  (Figs.  148,  149), 
853,  856  ; lanceolatvm,  856  * 

Dicmenia  textilis,  784  ; antiserum  for  bite 
of,  813-815 

Dioctophyme  renale,  893 
iJiplacanthus  nanus,  842 
Diplogonopoms  grandis  (Fig.  138),  849 
Dipte'ra  (Figs.  98-109),  169-186 
Dipylidinm  caninum,  844  ; cucumei'inum, 
844 

Diseiise  and  climate,  1-5 
Disea.ses,  tropical,  205-821  ; of  the  skin, 
tropical,  734-767 

Distoma  capensc,  863  ; conjunctavi,  857  ; 
conus,  859  ; ha  inaiobiuin,  863  ; hcputicum 
innocuum,  858  ; hepaliciim  peruiciosum, 
858  ; hepatis  endemicum  sice  peruiciosum, 

858  ; hepatis  innocuum,  858  ; heterophyes, 

859  ; japonicum,  858  ; lanceolutum,  859  ; 
oculi  humani  (Fisr.  140),  853  ; pidmonale, 

860  ; puhnonis,  860  ; ringeri,  860  ; sibcri- 
cum,  859  ; sineuse,  858  ; spathulatum, 
858  ; tenuicolle,  859  ; u'csterumni , 860 

iJistomum  buski,  855  ; caria;,  853  ; crassum, 
855  ; hepaticum,  853  ; lanreolatum,  856, 
858 

Dochmius  anchylostumum,  894  ; duodenal  is, 
895 

Dog,  the,  coccidiosis  of,  826  ; piro))l,osmosis 
of  (Figs.  52,  54),  87,  c.arried  by  ticks,  197 
“ Dourine  ” and  trypanosomiasis,  32 
Dracunculus  loa,  929  ; medinensis,  921  ; 

oculi,  929  ; persarum,  921 
Dragonnean,  921 

Drepanidium  (llwmogregariua),  82 
Drepanidota'nia  lanceolaiu,  843 
Dropsy,  epidemic,  643-647 
Dum  Dum  fever  (kala  azar),  226 
“ Dumb  chills  ” in  avstivo-autumnal  malaria, 
257 

Dy.senteric  diarrhoea,  513 
Dysentery,  477-545  ; in  tropical  liver,  574 
(see  D.ysentery  — Ama'bic,  B.acterial,  and 
Protozoan,  below) 

Dysentery,  amoebic,  4,  527-544;  Ama;b<' 
and,  530-535  (see  Amoeba),  532;  ami 
m.alaria,  268  ; complications,  539  ; dia- 
gnosis, 539  ; distribution,  527  ; enemas 
in,  541  ; morbid  anatomy,  535-537  ; 
prognosis,  540  ; prophylaxis,  540  ; seiison 
.and,  529  ; sources  of  infection,  528  ; 
symptoms,  537-539;  treatment,  540- 
542  ; w.ater  .and,  528 

Dy.sentery,  bacillary,  477-527  ; and  malaria. 
485  ; .arthritis  in,  515  ; bacteriology,  489- 
503  ; see  also  Bacillus  dysenteria;  ; dia- 
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j;uosi.s,  ;)!;)  ; diet  in,  ."1I8  ; distribution, 
470  ; enemas  in,  n'il,  524  : epidemics  of, 
47s  ; experimental,  508  : food  and,  483  ; 
gangrenous.  511  ; ipecaeuanha  in,  517- 
520  ; malarious,  514.  521  ; morbid  .an- 
atomy. 503-500  ; mortality,  488  ; mud 
and,  481  ; personal  factors  and,  487  ; 
]irognosis,  515  ; jn-opliylaxis,  51 1!  : salines 
in,  520  ; scorbutic,  514,  520  ; sesuson  and,  i 
480  ; sequels,  515  ; serum-therapy,  523  : 
soil  iind,  481  ; .spread  of,  485  ; symptoms 
of  acute,  509-512  ; of  chronic,  512-513  ; 
water  and,  482  ; weather  .and,  480  ; treat- 
ment, 517-525  ; vaccination  .ag.ainst,  523 
Dysentery,  protozo.an,  544-545  ; eiliar,  544  ; 
tlagellar,  545  ; .spirillar,  544 

Kchinococcus  <lisea.se,  use  of  term,  978  ; see 
Hydatid  Disease,  976-1039 
Echinococcus  allricipariens,  986  ; cysticus 
jertiUs,  986  ; eiuiogenus,  986  ; e.cogenus. 
986  ; granulosns,  986  ; hominis,  986 
Kchinococcus  alcenlaris,  sire  multiloculuris, 
986,  989,  1029-1038  ; distinction  from  E. 
hydatulosus,  1038  ; geographical  distribu- 
tion, 1034  ; history,  1029  ; immature 
forms  of,  1032  ; in  the  liver,  1035-1038  ; 
tliagnosis,  1036;  .symptoms,  1035;  treat- 
ment, 1037  ; morbid  anatomy,  1033  ; 
])athology,  1030  : toxins,  1032 
Ech  iiwrocctis  hydatidosHs,  981-1029  : gener.al 
ilevelopmeut,  982-989  ; see  also  Hyd.atul 
Disease,  976-1039,  and  Tamia  echinococcus', 
lulventitious  capsule.  998  : bilirubin  in, 
1003;  broo<l  - capsules,  983-985  (Figs. 
223,  224) ; burrowing  type  of,  987,  1027; 
calcification  in,  999,  1002  ; Charcot’s 
crystals  in,  1002  ; chitin  of,  1000  ; con- 
<litions  determining  prev.alence  of,  989- 
993  ; d.aughter-bladders,  985  ; number 
in  a single  hydatid,  1004  ; defined,  986  ; 
degenerative  changes  in,  999,  1002  ; 
development,  982  ; <liagnosis,  gener.al, 
1007-1009  ; distribution,  993-997,  1004  ; 
ectocyst  and  endocyst  of,  982  ; endo- 
genous and  exogenous,  986-989  ; Hui<l  of, 
1000,  1008  ; liexaeanth  embryo  of, 

981-982;  booklets  in,  985,  1003  ; hydatid 
or  Echinococcus  blad<ler,  the,  982-985  ; 
hydronephrosis  and,  1008-1009;  “malig- 
nant,” 988  ; multilocular,  987,  989  ; 
multiple,  988,  997,  1004-1005  ; papillo- 
m.atous  growths  in,  1003  ; p.athological 
anatomy,  997-1006  ; pedunculated,  989  ; 
peritoneum  and,  1005,  1016,  1026  ; 

physical  signs,  1006  ; prophylaxis,  1009  ; 
proscolex  in,  981,  984  ; rupture,  1001, 
1015,  1020;  seolices  in,  983-985,  .are 
<lerived  from  brood-capsules,  983  ; spon- 
taneous death  of,  1001  ; spread  of,  in 
the  bo<ly,  1004-  1005;  sterile,  989; 
symptoms,  general,  1006  ; synonyms, 
986  ; toxin,  1000  ; tr.aumatism  .and,  1006  ; 


treatment,  general,  978,  1010  - 1014  ; 
urticaria  in,  1000,  1007,  1009  ; various 
animals  and,  990-993,  996  ; w.ater-supply 
and,  992,  1010 

Echinococcus  mnltilocularis,  see  E.  alcco- 
laris  ; polymorph  ns,  986  ; scoliciparicns, 
986  ; simplex,  986  ; veterinonnn  (Fig. 
218),  980,  985,  986 

Ech i norhynchus  acus  (Figs.  210,  212),  956  ; 
hominis.  957  ; lesiniformis,  950  ; monili- 
formis, 957 

Echis  carinata,  783  ; bite  of,  808,  812-815 
Ectopla.sin,  10 
Ectosarc,  1 0 

‘‘Egg-foot”  (madiira  foot),  754-759 
Egyjjtian  chlorosis,  900 
Eimeriu  hominis,  827  ; stieda , 825 
“Ekiri,”  514 

Elephantiasis  arahum,  945-951  ; pathology, 
947  ; treatment,  949 

Elephantoid  diseases,  940-951  ; jiathologj', 
941  ; treatment.  949 
Empusa  cvlicis,  135 
Emys  lutaria,  83 
Emloplasm,  10 
Endosarc,  10 

Enhydrina  valakadicn,  787,  795-800  ; bite 
of,  806,  813-815 

Entamoeba  coli,  17,  535  ; histolytica,  20,  535  ; 
und7ilans,  21 

Enteric  fever  and  malaria,  267 
Eosinophilia  in  ankylo.stomiasis,  902,  903  ; 
in  bilh.arzia.sis,  877  ; in  filari,a.sis,  926, 
932,  939  ; in  helminthi.asis,  888,  892, 
908,  953  ; in  hyd.atid  dise<a.se,  1008  ; in 
sleeping  sickness,  222  ; in  tapeworm 
infections,  849  ; in  trichinello.sis,  916 
Epicyte  (.sporozoan),  58 
Epidemic  dropsy,  643-647  ; beriberi  and, 
644  ; diagnosis,  647  ; epidemiology,  645  ; 
symptoms,  644 
Epinierite  (in  gregarines),  63 
Erythema,  nodosum-  in  malaria,  253 
Erythr.asm.a,  tropical,  749 
Eschalocephalus,  1 92 
Pltheogenesis,  13 

Eucalyiitus  oil  in  helminthi.asis,  904-905 
Enixodcs,  191 
Eurhipiccphalus,  193 
Eustrongylus  gigas,  893;  visceroHs,  893 

Fasciola  hepatica  (Figs.  141-143),  853  ; in 
■sheep,  855  ; life-hi.story,  854  ; humana, 
853  ; lanceolata,  856 
F.asciolidas,  853-862 

Fasciolopsis  bu.ski  (Figs.  144-146),  855,  904  ; 

rathovisi  (Fig.  147),  856 
F.avus,  tropical,  745 

Fever,  bilious  remittent  (bhmkwater),  289, 
(M.alta),  422  ; blackwater,  289-301  ; coast 
fever  of  cattle,  199  ; Danubi.an  (Malta), 
422  ; East  Coast  cattle,  87  ; flood,  355- 
357  ; Invmoglobinuric,  289  ; Gambia.  32  ; 
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inteniiittent,  2-I1  ; intermittent  typhonl 
(Malta),  422  ; Italian,  422  ; Japanese 
river,  355-357  ; malarial,  241-285  ; Malta, 
422  - 435  ; Mediterranean,  422  - 435  ; 
Neapolitan  (Malta),  422  ; relapsing. 
Africa  (tick).  301-306  : Kliodesian  red- 
water,  87  ; river,  355  : rock  (Malta), 
422  ; spotte<l,  of  Rock)’  Mountains,  307- 
315  ; Texas,  200  ; tick,  301-306,  see  also 
SpoLted  Fever  of  the  Rocky  Mountaiii.s, 
307  , yellow,  313-345 
Ficns  xiolearia  in  ankylostomiasis,  904 
Filaria,  conveyed  by  mosquitoes,  122,  939 
Fi/aria  a//ii(>2'ica,  921  : cqmpiUocephalu, 

920  ; bancro/fi,  927.  933-951  (Figs.  199, 
200) ; coiijnnctifcr,  920  ; ci/stica,  933  ; 
tiemorqnayi,  927,  951  ; lUarna,  927  ; 
(l|■(|'•l'nclllus,  921  ; eqni.  921  ; equina, 

921  ; (jigas,  831  ; hnminis,  921  ; hominis 

hrniichialis,  921  ; homiiiiu  oris,  921  ; 
immitis,  831,  938  ; incrmis,  920  ; kili- 
ma.ra',  921  ; labialis,  921  ; lentis,  921  : 
loa,  927,  9-29  - 932  (Figs.  197-  198), 

Calabar  swellings  .and,  932  ; magaUuxsi, 
927,  951  (Fig.  204) 

Filaria  inediyieusis  (Figs.  192-195),  921- 
926  : Cyclops  and,  923  ; treatment,  926  ; 
F.  nocturna,  927,  933  ; nadi,  929  ; ocuH 
hinnani,  921  ; oxzardi,  831,  932,  952 ; 
papillosa,  921  ; peritonei  hominis,  920  ; 
Persians.  920,  927,  932-933  ; povrUi, 
‘.•27.  952  ; resti/orniis,  921  ; romanorinii 
urientalis,  921 

Filaria  sanguinis  hominis,  comprehensively, 
926  - 952,  933  ; F.s.h.  ccggqitiaca,  933  ; 
F.s.h.  major,  929  ; I'.s.h.  minm\  932  ; 
F.s.h.  nocturna,  933  ; F.  sanguinis 
hominu.m,  933  ; F.  subconjunctiralis,  929  ; 
F.  roivulus,  927,  952  ; F.  louchereri,  933 
Fihariasis,  939-951  : blood-changes  in,  939  ; 
diseases  ilue  to,  939  ; pathology,  944, 
947  ; ti'eatinent,  949-951 
f’ilarida',  920-952 
Filopodiuin,  14 
Fish  and  leprosy,  659 

Fishes  ; the  natural  enemies  of  mosquitoes, 
135;  Lgmphocgstis  in,  114:  “ j)soro- 

sperms  " in,  95.  98  ; trypanoiilasmosis  in, 
32 

Flagella  in  the  mastigophora,  23  ; nuclear 
origin  of,  25 
Flageihata,  27-29 

Flagellation,  so-called,  in  malarial  jiarasites, 
79-81  ; in  pirojilasmat.a.  89 
Fl.agellula,  12 

Flea,  carrier  of  plague,  375  ; of  spotted 
fever,  311 

Flie.s,  blood -sucking  (Fig.s.  98-108),  169- 
185;  green  - bottle,  185;  potu,  173, 
175;  robber,  181;  .sand.  176,  761; 
^ serut,  177-181  ; tsetse,  182-185 
Flies,  plague  and.  374 
Flood  fever,  355-357 


Foot-and-mouth  disease,  Cytoryctes  in,  113 
Foot,  madura,  754-759 
Foraminifera,  21 
Fowls,  spirillosis  of,  302 
Fr.ambcesia  (yaws),  695-703 
Frog,  Algerian,  host  of  Ilcmnogregari.na , 93 
Frogs,  European,  host  of  Myxosporidia,  98 
Frontier  .sore,  par.asites  in,  50 
I Fungi  and  disea.se,  3 
Fusaria  mystax,  889  ; vennicularis,  890 

(lad-Hies,  177-181 

Gambia  fever  and  trypanosomiasis,  32 
Gamete,  12 
Gametocyte,  13 

Gangrene,  multiple  cutaneous,  in  malaria, 
265 

( tasterosteus  aculeatus,  99 

Oastrodiscus  hominis,  855,  862  (Fig.  159), 904 

Gemmation  in  protozoa,  12 

“Gemmules”  of  Cyloryctes  (Fig.  77),  110 

Gerbillus  indicus,  83 

“Gid,”  the,  in  shec)),  982 

“ Gift  Zeer,”  744 

Oigantorhynchus  gigas  (Fig.  211),  957 
Giraffe,  the,  and  Poroccjdialus,  959 
dlossina  morsitans,  172,  183 
Gtosshia  pialqialis  (Fig.  107),  171,  184  ; in 
human  trypanosomiasis,  208 
dhigea  anomala  (Figs.  64,  67),  100-104  ; 
bomhycis,  61 

Gnat,  host  of  malarial  parasites,  78-82  ; host 
of  spirachmta  ziemanni,  43  ; host  of  try- 
qjanosoma  noctuai,  35-41 
Gnathobdellidaq  the,  959 
Gnathostoma,  sia.mense,  955 
Gnathostoniida;,  955 

Gordius  cquinus,  921  ; medinensis,  921  ; 
qju.bnonalis  a.pri,  894 

Goundou,  731-734;  etiology,  732;  symp- 
toms, 733 
Grahhamui,  159 

Granuloma,  ulcerating,  of  the  pudenda,  708- 
712;  cour.se,  710:  histology,  709  ; p.atho- 
geny,  709  ; treatment,  712 
“ Green-bottle  ” Hies,  185 
Gregarines  (Figs.  32-37).  61-67  ; classes  of, 
66  : reproduction  in,  64 
“Groz-uez,”  see  Goundou,  731-734 
Guiana  ulcer,  739 
Guillemot  tick,  191 

Guinea-worm  {Filaria  medinen.sis),  921-926 
Gurjun  oil  in  leprosy,  686 
Gurteya,  101 

Gutlu  ni.adhe  (madura  foot),  754-759 
Gynocardic  acid  in  leprosy,  686 

lla  maxliqtsa  ceylonica,  959 
lia'inalastor,  192 

Ihemamceba  {Plasmodium),  74  : { = Spiro- 
cluvta)  ziemanni,  43,  84 
Iltrmaphysalis,  193,  197,  200  : carrier  of 
Piroplasma  canis,  197 
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llivmatochyhiria,  941.  94.5 
llinnatncoccus  [PI l•OJ)lattma),  86 
Hn  matomonas,  31 
Uo  matopinvs  stepht'nni,  85 
Ho  matopota  (Fig.  104),  177-181 
lla'iiiaturia  in  liilliarziasis.  874 
Ho  mocystidium  [Plaamndium),  74 
Ha'inoglobiimria  in  lilackwatin-  fever.  289- 
301 

Ha*nioglol)inuriv  fever,  see  Blaekwater  Fever. 
2.S9-301 

Uomoyregarina  bed/ouri,  83  ; gerbiUi,  83, 
85  ; jaculL  83  ; lacertanm  (Fig.  47),  82  ; 
iiiirabdis,  84  : ranarinn  (Fig.  46),  82 ; 
stej)anowi  (Fig.  48),  82-85 
Hsemogregarines,  the  (Figs.  46-48),  82-85 
llaMiiolysis  in  ankylo.stomiasis,  897,  900  ; in 
sn.ake-bite,  801 

Ilomomenas  {Idasmodhuii),  74 
Honnoprotcus  [Plasmodium),  74,  91  ; dani- 
lewskyi,  74 

//omopsis  sanguisuga,  959  : vora:e,  959 
IliBinoptysis,  eiuleniic,  861  : in  hydatid 

disea.se,  1019 

Hannosporidia  (Figs.  41-56),  73-93;  four 
generic  types  of,  74  ; general  reniai  ks  on, 
92 

Hidteridium  daiiileu'skyi  (Fig.  56).  91-92  ; 

ilistinet  from  Plasmodium,  92 
Ilalteridhun-stage  in  trypanosomes,  36,  42 
I/alysis  solium,  837 
Humularia  lymjduUica,  921 
Ilaplosj)oridia  (Figs.  75,  76),  106-108  ; three 
families  of,  107 

ll.atty-ka-pung  (niadura  foot),  754-759 
“ Heart- water  ” disease,  198 
Heat,  dise.ases  due  to,  2,  771-782 
Heat-apo])lexy,  771 
He.at-e.xhaustion.  771-782 
Helcosoma  Iropicum,  55  ; oriental  sore  and. 
718 

Helminths,  829-957  ; and  disease,  4 ; hosts 
to  Actinomyxidia,  98 

Hemiplegia  in  m.alaria,  266  : in  sunstroke, 
776 

“ Henpnye,”  see  Goundou.  731-734 
//eptopldebomyhio,  166 
l/erpetomonas  (Fig.  23),  49 
Heteromastigote  mastigophora  (Fig.  4),  23 
He.xacanth  (Cestoile  emhryo),  833.  982 
(Figs.  221.  222) 

Ile.eathyridium  renarum,  853 
Hill  diarrhoea,  567  - 570  ; symptom.s,  569: 
tre.atment.  570 
Hill  sickness,  569 
Hippoboscida*,  170 
Histosporidiiim  cMrcinomatosim,  114 
Hor.se,  the  piro]dasmosis  of  (Fig.  53),  86- 
91 

Horse-flies,  177-181 
llyalomma  (Fig.  110),  192 
Hydatid  cysts,  sec  Echinococcus  liydaiidosns, 
981-1029 


Hydatid  di.sease.  976-1039  : see  also  Echino- 
coccus hydatidosus,  981-1029,  and  Tania 
echinococcus  : age  and.  997  ; biology  of, 
978-989  ; burrowing  type,  987,  1027  ; 
caleilication  in,  999,  1002  ; clinical  as- 
pects, 1006-1014  : conditions  determining 
)>re valence  of,  989-993;  diagnosi.s,  general, 
1007  - 1009,  si)ecial,  see  the  various 
organs  and  tissues  below  ; distribution  in 
the  body,  1014  ; Ech inococevs  liydal i(h)svs 
and,  981-1029;  multilocularis  s.  alceuluris 
and.  989,  1029  - 1038  ; emlogenous  and 
e.xogenous  types  of,  986  - 989  ; eosino- 
philia  in,  1008  ; extravisceral,  1028  ; 
fluid  of,  1000,  1008  : geogi-ajihical  dis- 
tribution, 993  -997  ; liistory,  976  - 978  ; 
Lindemann’s  o]K*ration  for,  1012  ; organs 
and  tissues  alfected,  bone.s,  987-988,  1005. 
1029  ; cranium,  989,  998,  heart,  1028  ; 
kidney,  1024  - 1025;  liver,  1014-1019 
(Figs.  227,  228);  lung,  1012-1013  (Fig. 
229)  ; mesentery  and  omentum,  1026  : 
peritoneum,  1005,  1016,  1026  ; sjunal 
cord,  1027  ; spleen,  1023  ; pathological 
anatomy,  997-1006  ; physic.al  .signs,  1007; 
prophylaxis,  1009  ; sex  and,  997  ; 
skeletal,  988  ; sudden  death  in,  1009, 
1012  ; suppuration  in,  988,  999,  1007, 
1013,  1015  ; symptom.s,  general,  1006  ; 
special,  see  the  various  organs  and  tissues 
above ; tea  and,  1001  ; toxin,  1000 ; 
treatment,  geneial,  978,  1010-  1014, 

special,  see  the  various  organs  and  tissues 
above  ; urticaria  in,  1000,  1007,  1009  ; 
water-supply  and,  992,  1010 
llydatides  singulares,  977 
Uynienolepis  diminuta,  843  ; lanceolata, 
843 ; murina,  843 ; nana  (Figs.  131, 
132),  842 

Hyperpyrexia,  in  cholera,  467,  475  ; in 
cranial  hydatid,  1027  ; in  Malta  fever, 
433  ; in  sunstroke,  777 
Hyphomycetes  in  i)inta,  751 
Hypostome,  188 

“Ikota,”  769 
Indian  liver,  571 

Infantile  splenic  aiuemia  .and  ponos,  609 
Infantilism  in  nialari.a,  264 
Infusoria,  the  (Figs.  79-82),  114-119 
Inguin.al  glands,  v.aricose,  942,  950 
In.solation,  771-782;  ])athology,  776;  j)ro- 
phylaxi.s,  779  ; .sequels.  782  ; statistics  of, 
773-776  ; symptoms,  776  ; tre.atment,  780 
Insular  .sclerosis  simulated  by  m.alaria,  260, 
266 

Inte.stine.  in  beriberi,  629  ; in  dysentery, 
503 -.509 

Ipecacuanha  in  dy.sentery.  517-520  : Bra- 
zilian method  of  giving,  519 
Iritis  in  tick  fever,  305 
Isogjimy,  12 
lulus  guftidaius,  887 


« 


104S 


syS7’£J/  OF  MEDICJA’E 


l.-oiles  ricinns,  liostol'  Kurynlysns  tacedannn, 
85  ; vitality  of,  201 
Ixodiasis,  764 
Ixodida;,  190-193 

Jai>aiiese  river  fever,  355-357 

"Jejen,”  173 

Jigger  (saiid-rteas),  761 

Kakke  (beriberi),  615 

Kiilaazar,  226-241  ; eairied  by  beil-biigs,  53  ; 
diagnosis,  238  ; distribution,  227  ; etiology, 
227;  incubation,  233;  “ Leislinian- 

Donovan  bodies  ” in,  50  ; leucopenia  in, 
236;  malaria  and,  271  ; morbid  anatomy, 
230-233  ; mortality,  238  ; parasites  of, 
50-55,  227-230;  prophylaxis,  240; 

symptoms,  233-238;  treatment,  239; 
ulceration  in,  232,  233 
Karyogamy,  12 

Karyolysics  {Ihnnixji-eynriiia),  82,  85 
Karyophagus  hominis,  826 
Ketlaui,  355 
KedanUpi)ru::oon,^'i:K> 

Keloids,  tropical,  766 

Kidneys,  the,  and  Eus/.roiigylusgigas,  894  ; in 
bilharziasis,  872  ; in  blackwater  fever, 
296  ; in  cholera,  460  ; in  hydatid  disease, 
1024  ; in  malaria,  250  ; in  Malta  fever. 
428  ; in  jdague,  395  ; in  yellow  fever, 
332 

Fxirina-grah  (madpra  foot),  754-759 

Kousso  in  helminthiasis,  850 

“ Kra-kra,”  759 

Krablmt  gmndis,  849 

Krait,  the,  788,  795-803  : bite  of,  805 

Ldcht’.iis,  American,  783,  797  ; antiserum 
for  bite  of,  812-815 
Lacliiiosterna  arciKtla,  957 
Lamb/ia  intent inal is  (Fig.  31),  55-56,  545 
Lankesterella  {Ihemogregurina),  82 
LiDikestcria  ascidiii- {Fign.  32-33),  62 
Ijardaceous  disease,  see.  Amyloid  Disease 
Latah,  767-771  ; ])athology,  769 
Lathyrism  and  beriberi,  640 
Lathyrns  sativus,  640 
Lacerania  iiia/unir,  74,  251,  258 
Lazarettos,  650  . 

Leech,  the,  host  of  irn-mogrce/arina  stepa/Kwi, 
85 

Leeches,  959-961 

“ Leishman-Doiiovan  bodies  ” (Figs.  25-28), 
50-55,  227  - 230  ; llagella  of,  52  ; in 
oriental  sore,  718  ; and  ponos,  611  ; 
resembling  Ilerpetomijiws,  53 
l.eishnumm  donorani,  54  ; tropica,  55 
kepidoselaga,  lepidota  (Fig.  103),  179 
“ Lejira-cells,”  661 
Leprnlin  in  leprosy,  688 
Leprosy,  648-694  ; anaesthetic.  677-681  : 
bacteriology.  654,  665-673  : bone-changes 
in,  680;  contagion  and.  655-657  ; diagnosis. 


683  ; diet  and,  659  ; distribution,  650- 
653  ; eruptions  in,  673,  677  ; etiology, 
654-660  ; fever  in,  675  ; fish  and,  659  ; 
giant-cells  in,  662  ; heredity  and,  657  ; 
hi.story,  648-650  ; incubation,  673  ; inocu- 
livtion  of,  671-673 ; lardaceous  change 
in,  665  ; lepra-cells  in,  661  ; mixed, 
681  (Fig.  115);  nerves  in,  663,  677- 
681  ; neural,  677-681  ; nodular,  673-677 
(Fig.  113)  ; ocular  changes  in,  674,  677. 
681,689;  jiathology,  660-664  ; jirognosis, 

684  ; prophylaxis,  689-691  ; renal  di.sease 
in,  665  ; serotherapy  of,  688  ; smooth, 
677-681  (Fig.  114);  symptoms,  673-683  ; 
treatment,  685,  surgical,  688  ; tuber- 
culosis in,  665,  683;  ulceration  in,  676, 
680;  vaccination  and,  657  ; varieties,  653 

LeptidiB,  181 
Leptis,  181 

Leptodera  intcstbudis  et  stercorali.s,  952  ; 
tiie/lyi,  919 

Leptnthcca  reiiicola  in  frogs,  98 
Leptus  autumnalis  and  flooil  fever,  355 
.Leucocytosis  in  blackwater  fever,  298  ; in 
cholera,  461  ; in  dysentery,  510  ; in 
filariasis,  939  ; in  plague,  401  ; in  sleep- 
ing sickness,  222  ; in  .spotted  fever,  309  ; 
in  tick  fever,  305,  306 
Leacocytozoiin  {! lamogregarina),  84 
Leucopenia  in  blackwater  fever,  298  ; in 
kala  azar,  236  ; in  malaria,  264  : in  ponos, 
610 

Leydcnia  gemmipara  in  ascitic  Iluid,  21 
Ligula  vuinsoni,  847 
Linudiis,  168 

LiuMx  and  Dicrocoiiim,  857 
Livina-a  tmncatula  and  Fasciola,  854 
Lininatis  nilotica,  959 
Linguatida  rhinaria  (Fig.  213),  958 ; 

taniioides,  958 

T.ithobivs  forjicntus,  coccidiosis  of,  70 
Liver,  in  ankylostomia.sis,  903  ; in  bil- 
harziasis, 873  ; in  blackwater  fever,  296  ; 
in  cholera,  460  ; in  dysentery,  515  ; in 
hydatid  disease,  1014-1019;  Indian, 
571  ; in  kala  azar,  232,  235  ; in  lej)rosy, 
664  ; in  malaria.  249,  265 ; in  Jlalta 
fever,  428  ; in  plague,  395  ; in  ponos, 
610  ; in  tick  fever,  303  ; in  yellow  fever, 
332  ; tropical,  571-579 
Liver,  tropic.al  abscess  of,  579-605  ; con- 
nexion with  hepatic  insuHiciency,  598  ; 
diagnosis,  602,  from  hydatid,  1016  ; 
duration,  602  ; distribution,  580  - 583  ; 
etiology,  580-585  ; morbid  anatomy,  592- 
596  ; pathogenesis,  596  - 599  ; personal 
factors  in,  590  - 592  ; prognosi.s,  603  ; 
prophylaxis,  603  ; relation  to  dysentery, 
585  - 589,  to  malaria,  589  ; single  or 
multiple,  592  ; .symptom.s,  599  - 602  ; 
treatment,  604 
Liver-fluke,  the,  853-855 
Lobopodium,  14 
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/j}bosa  n iH^a,  17 
" Loo  Mama,”  772 

Loplioxcelomi/iti,  154  , 

Luta  vulgaris,  846 

Louse,  as  carrier  of  beriberi,  626  : of  | 
spotted  fever,  311  ; host  of  Humo- 
gregarina  gerbilli,  85 
Lucilia,  185  ; in  Myiasis,  762 
Lumbricus  cavis,  889 

I^uiigs,  the,  in  billiarziasis,  873  ; in  cliolera, 
461,  468;  in  hydatid  disease,  1012:  in 
plague,  394,  402  ; in  tropical  abscess  of 
the  liver,  601 
Lyni])h-scrotnni,  943,  951 
Lymphatic  glands,  in  lilariasis,  942  944, 
950  ; in  leprosy,  664,  669  ; in  plague, 
395,  398  ; in  pono.s,  609 
LgmjJhocgstis  johnsitmei,  in  li.sh,  114 
Liimplwspimdium  in  trout,  113 

Macrogamete,  12 
Macrogamy,  12 

Madura  foot,  754  - 759  ; diagnosis,  758  ; 
etiology,  755  ; morbid  anatomy,  756  ; 
symptoms,  757  ; three  varieties  of,  757  ; 
treatment,  758 

“ Mai  de  caderas  ” and  trypanosomiasis,  32 
Malabar  ulcer,  739 

Mal.aria,  241-285  ; canned  by  anophelines, 
122,  243  ; cause  of  paro.xysms  in,  264  ; 
clinical  description,  251-267  ; complica- 
tions, 267  ; congenital,  247  ; diagnosis, 
268  : di.stribution,  243  ; etiology,  242  ; 
history,  241  ; immunity  to,  248  ; in  1 
tropical  liver,  573;  incubation  - period, 
251  ; masked,  267  ; pathological  anatomy, 
248  - 251  ; pernicious  forms,  259  - 262  ; 
jrrognosis,  271  ; prophylaxis,  personal, 
278,  public,  285-288  ; relapse  in,  262  ; 
seasonal  variations,  244  ; sequels,  264  ; 
soil  and,  245  ; .symptoms,  252-262  ; three 
stages  in  paroxysm  of,  252  ; treatment, 
272-279  ; urine  in,  263 
M.nlaria,  se,stivo-autumnal,  257-262  ; dia- 
gnosis, 269  ; parasites  in  blood  in,  258, 
261  ; prognosi.s,  272  ; treatment,  272- 
279  ; types  of,  259-261 
Malaria,  quartan,  255-257  ; diagno.sis,  268  ; 
j>arasites  in  blood  in,  256  ; prognosis,  271  ; 
treatment,  272-279 
Malaria,  quotidian,  255-257 
Malaria,  tertian.  252-255;  double,  255; 
multiple,  255  ; panusites  in  blood  in,  254  ; 
prodromes,  252  ; rashes  in,  253  ; three 
stages  in  paroxysm,  252  ; treatiTient,  272- 
279 

Malarial  parasites  (Figs.  41  -45),  74-82  ; 
confused  nomencl.ature  of,  74  ; so-called 
rtagellation  of,  80  ; three  varieties  in  m.an, 

74 

Male  fern  in  helminthiasis,  850 
.Malta  fever,  422-435  ; anoemia  in,  430.  432  ; 
bacteriology,  427  ; diagnosis,  432  ; di.stri-  | 


bution,  423  ; etiology,  424  ; incub.ation, 
428 ; joint  jiains  and,  432  ; morbid 
anatomy,  428  ; mosquitoes  and,  426  ; 
mortality,  432  ; symptom.s,  429  - 432  ; 
■treatment,  433 
Mangrove  flies,  177-181,  932 
Manioc  j)oisoning,  2 
Mausonia,  158  ; varieties,  158 
Murgaropus  annulatus  (Fig.  110),  192, 
199  ; varieties  of,  199 
Marmots  and  })lague,  387 
Marsupials  and  plague,  377 
M.astigojihora,  22-25 
“Mbwa”  qii(lges,  173 
Measly  meat,  835,  839 
Mediterranean  fever,  see  Malta  fever,  422- 
435 


Megastuuia  enteriaau,  55 

Melanin  formed  by  mal.arial  parasites,  7 4 

Melamconion,  1 59 

Mdulontha  imlgaris  and  (J igantorhynrhits, 
957 

Membrane,  undulating,  24 
Meront,  99 
Merozoite,  68 

Mesogonimus  heterophyes,  859  ; westermani, 
860 


Methylene  blue  in  malaria,  277  ; in  protozoan 
dysentery,  545 
“Miana”  and  ticks,  764 
Micrococcus  cainpaneus  and  veld  sore,  744 
Micrococcus  melitensis,  424  - 428  ; in  kala 
azar,  227 

Micrococcus  vesicans  in  veld  sore,  744 
Microfilaria  demarquayi,  952  ; diurna, 
928,  930,  933 ; nocturna,  928,  930, 
933-940  (Figs.  201  -204),  944,  951; 
elephantiasis  and,  936,  947  ; mo.squitoes 
and,  936,  938  ; periodicity  of,  928,  937 
Persians,  933,  952  ; powelli,  952 
Microfilari®  (Pdg.  196),  927  ; diagnosis  of 
.species,  928-929 
Microgamete,  12 
Microgam  y,  12 

Microsporidia  (Figs.  64-69),  99-103  ; classi- 
fication of,  102 

Microsporon  andouini,  746  ; furfur,  750 
Midges,  172 

“ Miescher’s  tubes,”  103,  828 
Miescherid,  106 

Miracidium,  852  ; of  Scltisiosomum,  867 
“Miruini,”  173 
Moner.a,  15 

Monkeys,  amcebiasis  and,  534  ; plague  and. 

373  ; tick  fever  in,  306 
Monostoma  lentis,  853 
Monsnnia  ovata  in  dysentery,  522 
Mornla  and  yaws,  696 

Mosquitoes  (Figs.  83-  97),  122-168;  and 
beriberi,  626  ; and  dengue,  353  ; and 
fllariasis,  932,  933  ; and  mal.arial  para- 
.sites,  78-82,  243  ; and  Malta  fever,  426  ; 
and  plague,  37  4 ; and  yellow  fever,  322  ; 
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i lii.'siKcatioii  of,  143-148  ; diseases  carried 
1)V.  122  ; distribution  of,  136  ; enemies  of. 

134  : food  of,  139  ; habits  of  .adult, 

135  ; inijiortaiice  of  their  scales  for  cl.assi- 
fication.  127,  143  ; internal  anatomy  of, 
rj8-131  : larv®  (Figs.  90,  91),  131-133; 
juip:e  (Fig.  93),  133;  .salivary  glands  of, 
129  : 700  varieties  of,  141  ; typical  struc- 
ture of  (Figs.  83-93),  123-134;  water- 
plants  .and,  141  ; we.atlier  and.  141 
Motuca ” Hies,  179.  180 

.Moubata,”  195 
.Mozambique  ulcer,  739 
Mucidvs,  158  ; varieties,  158 
Mus  decunnums  and  leucocytozoa,  84 
Muxca  domesUca,  185 
■Muscidaj  (Figs.  106-108),  182-185 
.Mycetoma  (inadura  foot),  754-759 
Mycetozoa,  the,  21 

Mycosis  fungoides  and  coccidiosis,  827 
.Myi.asis,  tropical,  762 
.Myocyte  (sporozoan),  58 
^I !lj:idiuviUd>erkiiehnii  59),  95,  98,  104 

Mi/X()boli(S  c>/prini  (Fig.  63),  97,  98  ; 

ellipsoidcs  (Figs.  57,  61),  98 
My.xosporidia  (Figs.  57-63),  94-98  ; mostly 
parasitic  in  fishes,  94  ; spore-formation 
(Fig.  62),  95-97 

Mj/zomyia,  151,  243  ; cidicifacies,  136,  243 
MyzorhyncJu's,  153 

Nagana”  and  trypanosomiasis,  32  ; carried 
by  Glossiaa,  172,  182  ; treated  with  try- 
panred,  225 

XajahMigo.rv.x,  783  ; haja,  783  ; Iripudians, 
783 

Xat.al  sore,  744 

Xerator  amcrimnns  (Figs.  178,  183  185, 
186),  895,  899 
Nem.athelminthe.s,  883-957 
Nematoda,  883-955  ; general  description,  883 
.Neosporidia  (Figs.  57-76),  59,  93-108;  five 
orders  of,  94 

Nephriti.s,  acute,  in  m.alaria,  250,  265 
Neur.algia  in  m.alaria,  264 
Neuritis,  in  mal.aria,  266 
Neuritis,  multiplex  endemica  (beriberi),  615- 
647 

Xoctilucd,  26 
Xosemn  himibycis,  99,  102 
Xii/cchis  pseudechijt,  784,  795  ; scidatm,  784, 
795  ; antiserum  for  bite  of,  812-815 
Xyclotherux  (Fig.  82),  118,  545 
Nymph,  the  (in  ticks).  200 
Xyxsorhyvchus,  155,  243 

OchryoM.yia  anthropnphaya,  763 
Oemcta  fnrens,  1 7 3 
Oe.tophagostomum  brmnjdi,  905 
Onchosphere,  833 

()ldxt1uirchi!i  felinens{Yig.  153),  859;  norerca 
(Fig.  150),  855,  857  ; smcnsis  (Figs.  151, 
152),  855,  858 


Oriental  .sore,  712-722  ; bacteriology,  717 ; 
diagno.sis,  720  ; etiology,  713  ; history, 
713  ; par.asites  in,  50,  717  ; relation  to 
kala  azar,  716  ; symptoms,  718  ; treat- 
ment, 721  ; w.ater-supply  and,  715 
Ornilhodoros  moubata  (Fig.  Ill),  189,  194  ; 
and  fil.ariasis,  933  ; c.arrier  of  infection  in 
African  rela])sing  fever,  46  ; in  tick  fever, 
301  ; xariguyi,  194  ; (uricata,  195 
Oxyuris  rermicularis  {Figs.  175,  176),  890- 
893,  899 ; symptoms,  892 ; treatment, 
893 

Paget’s  disease  of  skin  and  ])Sorosperins,  827 
Pangonia  (Fig.  102),  177-181  ; habium  of, 
178 

Pani-ghao  (w.ater-itch),  760 
Pannus  carateus  (]>inta),  750-753 
Panoplites  africanus  and  fil.ariasi.s.  933,  938 
P.aragonimiasis,  861 

Paragonhnus  wextemui.ni  (Figs.  156-158), 
860-862 

Paramecium,  113,  118 
Paramphistomidic,  the,  862 
Paraniylum -bodies  in  tlie  mastigojdior.a,  25 
P.ar.angi  (yaws),  695-703 
Parasites,  anim.al,  and  the  diseases  caused 
thereby,  823-1038 

Para.sitic  worms,  829-976  ; list  of,  829 
Parotitis,  in  cholera,  468 
Parthenogenesis,  13  ; iji  Plasmodium  cir.nx 
(Fig.  43),  79  ; in  Tryjuaiosoma  nuctum 
(Fig.  9),  36-42 
Pasteurelloses,  366 

Pediculi  and  beriberi.  627  ; and  plague,  374 
“ Peitschengeissel,”  24 
Pelias  berus  ( Vipera  berns),  801 
Pelletierine  in  helminthiasi.s,  850 
Pelodera  niellyi,  920 

Pentastovui  deniiculatum,  958  : tamioides, 
958 

Pent<a.stomida,  957-959 
Periplast  of  the  mastigophora,  23 
Permanganate  of  potasli  in  hydatids  of  bone, 
1029 

Pernicious  anaemia,  simulated  in  tapeworm 
infections,  850 

Pestis  major  {see  Plague),  396-402 
I Pestis  minor  {see  Plague),  388  ; {see  Climatic 
Bubo),  723 

Pfeiffer’s  phenomenon  in  cholera,  452,  457 
Phagedaena,  tropic.al,  739-745 
“ Ph.antom  larv.Te,”  168 
“ Phisho  ” midge.s,  176 
“ Phisniari  ” midge.s,  176 
Phlebotomus  (Fig.  100),  177 
I Pian  (yaws),  695-703 
' Pica  in  ankylostomiasis,  901  ; in  ponos,  613 
Piedra,  753 
Piedra  nostras,  753 

Pigment,  luematochrome,  in  mastigophora, 

I 25  ; melanin  in  malaria  parasites.  74 
1 Pigmies,  par.asites  in,  899 
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I’igs  ami  Til  nia  soliiiin,  839 

Piljo  ami  ! tibothriocephalus,  840 

Pinta.  7f>0-7o3  ; liyplioniycetes  in,  751 

"Pipsa”  (ties,  173.  175 

1‘iroplasma.  43,  51,  54,  86-91  (Figs.  49-55) ; 

ill  spotted  fever,  307  ; varieties  of,  86-87 
I’iroplusma  bif/cmiiinm  (Figs,  49,  50,  55), 
80-91,  Mart/arojius  ami,  200  ; canU-  ; 
(Fig.  54),  carried  by  a tick,  197  ; dono-  '• 
rani,  54  : ei/iti  (Fig.  53),  87,  89  ; Iumim)i  I 
in  spotted  or  tick  fever  of  Rocky  Moun-  | 
tains,  87  [ 

Piroplasinosis,  of  cattle,  80  ; of  dog,  87, 
c.arried  by  ticks,  197  ; of  tiorse,  86-91 
Pitclier-plaiits  .and  mosquitoes.  131,  167 
Pityriasis  versicolor,  tropical,  750 
*•  Pii'iin  ” midges,  176 
Plagiomonas  urinaria,  29 
Plague,  358-422  ; articulation  impaired  in, 
397  : bacteriological  diagnosis,  382,  417  ; 
bacteriology,  365-383  ; bubonic,  mild, 
396  : bubonic,  severe,  396-402  ; climatic 
bubo  and.  723  ; diagnosis,  403  ; distri- 
bution, 386  ; entry  of  infection  into  man, 
380  : fomites  .and,  392  ; hasmorrhages  in, 
394,  399  ; liistory,  358-365  ; imnuinisa- 
tion  .against,  active,  405-409  ; passive, 
409;  in  India,  361-363;  morbid  anatomy, 
394  ; mortality,  401  ; pathogenetic  .action 
in  animals,  370-378  : pestis  major,  396- 
402  ; minor,  388,  396  ; pneumonic 

form,  402  : prognosis,  403  ; prophyla.xis, 
general,  414-420  ; prophylaxis,  specific, 
and  cure,  405-413  ; qu.ar.antine,  416 ; 
season  and.  390  ; septicasmic  form.  403  ; 
soil  and,  389  ; spontaneous  in  animals, 
376  ; transmitted  by  r.ats,  393,  417  ; 
treatment,  404  ; two  strains  of,  387 ; 
vaccination  against,  405-409 
P/anorbis  marr/inalis  ami  Dicroccdinm,  857 
Idaxmodiophora  brassicw,  1 7 
Piasmodiam,  14  ; falciparum,  74.  251,  258  ; 
irnmaculatvm  (Fig.  41),  74-81  ; kochi  in 
the  monkey.  74;  malaria-,  74-81,  251; 
vrmcox  in  birds  (Fig.  45),  74  ; vivax 
'(Fig.s.  42-44),  74-81 
Plasmotomy,  95 
Pla.stog.amy,  16 
Plaliirus,  784 
Platyhelminthes,  831-883 
Pleistnphora  ijcripilanetw,  99,  101  ; typicalis 
(Figs.  68,  69),  102 
Plerocercoid,  834 

Plerocercoides  prolifer  {Fig.  139),  849 
Plimmer’s  bodies  .and  Plnsmodiophora,  17 
Pneumonia  in  malaria,  267 
Pohichromiphiins  {Plasmodium),  74 
Poiystama  ta  nioides,  958 
Pomegrainate  in  helminthiasis,  850 
Ponos,  606-614;  afiinities,  609;  ante- 
cedents and  circumstances,  606  ; etiology, 
608  : morbid  an.atomy,  609  ; nature, 
611  : symptoms,  612;  treatment,  614 


Porcupines  and  plague,  377 
Porocejilialns  armillatus,  959  ; constriclus, 
959  : dcnticulatus,  958  ; molurus,  959  ; 
moniliformis,  959  ; srbai,  959 
“Potu”‘llies,  173.  175 
Prickly  heat.  764 

Proctitis,  epidemic  gangrenous,  514,  522 
Proglottis,  831 
Prouucleus,  12 
Pioteomyxa,  16 

Proteosoma  (Plasmodium),  74  ; grassU,  74 
Proteus  in  .Japanese  river  fever.  355 
Protista,  10 
Protozoa,  9-122 

Protozoa  and  dise.ase,  3 ; .and  j)onos,  61 1 ; 
characterisation  of,  10  ; i'our  classes  of, 
13;  reproduction  of,  11;  structure  of, 
10 

I’seudo-dyseiitery,  478,  488 
Pseudonavicella,  66,  828 
Pseudopodium , 13-14 
Pseudorhabditis  stcrcoralis,  952 
P.seudo-tuberculosis  in  rodents  and  plague, 
372,  378 

Pseudo-vitiligo,  in  jiinta,  752 

P.silosis  (sj)rue),  545-566 

Psorospermosis,  60,  825-829  ; in  fi.shes,  95  ; 

sarcosporidian,  103 
P.sychodida-,  176 

P.sychop,athies  among  natives,  767-771 
Pudenda,  ulcerating  gi-anuloma  of,  708-712 
Pulex  .and  plague,  87 5 
Pulsellum,  23 

Pumpkin  seeds  in  helminthiasis,  850 
Purpura  in  malaria,  261,  265 
Pyrenoids  in  the  mastigophora,  25 
Pifretoplwn'S,  153,  243 
Pyropla,sma  honiinis,  311 
Pyrosoma  (Piroplasma),  86,  87 
Pyxinia,  rid)ecuhi  (Fig.  34),  63 

Quarantine  in  cholera,  439  ; in  jdague,  416 
Quinine,  absorption  of,  274  ; admini.str.ation, 
275  ; and  bl.ackw.ater  fever,  294  ; b.ad 
effects  of,  273  ; in  treatment  of  malari.a. 
272-279,  300 

“Rainey’s  corpu.scles,”  105,  828 
R.ats  and  plague,  370-372,  377,  417,  419  ; 
and  Trichinella,  912  ; and  Trypanosoma 
Icv'isi,  33  ; leprotic  dise.ase  in,  672 
R.attle-sn.ake  bite,  806 
Itedia,  852 

Redwater  fever  and  Maryaropus,  200 
Rel.ap.sing  fever,  Afric.an,  see  Tick  Fever,  301- 
306  ; conveyed  by  a tick,  46  ; due  to  a 
spirochaste  (Fig.  18),  46 
Reticulosa,  16 

lihahdilis  ycnifalis,  920  ; vieliyi,  919  ; 

uigrovenenosum,  953  ; pell  10,  920 
Rhabdonema  intestinale,  952,  954  ; slrongy- 
I aides,  952 

Rhinosporidium  kinealyi  (Fig.  75),  108 
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Rliipicepluthr,  lyi,  193 

likipicepludus  appendiculatn.s,  198,  200  ; 

hursa,  198.  200  ; siiims,  199,  200 
Rhizoijlyphus panisilicus  iiwX  water-itch,  760 
Uhoilesian  redwater  fever,  87 
Rhynchobiielliilaj,  the,  959 
Rigors,  ill  bhickwater  fever,  298  ; in  dengue, 
349  ; in  Japanese  river  fever,  3.56  ; in 
malaria,  252  ; in  yellow  fever,  332 
Ringworm,  tropical,  746-749 
River  fever,  355-357 
Robber  flies  and  Tabauids,  181 
Rock  fever  (see  Malta  fever),  422 
Rostelluni,  831 
Rostrum  of  gregarines,  66 

Salol  in  leprosy,  687 

Sand-flies,  176,  761  ; beriberi  ami,  626 

Sand  wasps  and  Tabanids,  181 

Ranffuisiiya  ogyptoH-a,  959 

S.antonin  in  sprue,  563 

Sarcocystin,  105 

Sarcocystis  U ndcman ui,  828  ; miesch^riana 
(Fig.  72),  103  ; muris,  103-106  ; tenella 
(Figs.  71,  74),  103,  10.5,  828 
Sarcodines,  13-22  ; five  sub-cla.sses  of,  16  ; 
reproduction  of,  14,  16  ; structure  of,  13- 
15 

Sarcopsylla  penetrans,  761 
Sarcosporidia  (Figs.  70-74),  103-106,  828  ; I 
method  of  infection  by.  106 
Scarlet  fever,  Cytoryctes  in,  113 
Scaur  us  slriatus,  843 
Seha.vdinndla  henlece,  66 
Scheviakocella  (Fig.  76),  107 
SchistosoinidiB,  863-883, 

Schistosomum  bovis,  870  ; lurmaiohium,  863, 
865-868  (Figs.  162-164),  899  ; japonicum 
sea  callrn,  828,  881-883  (Fig.  167) ; in- 
dicuvi,  870 
Schizogony,  60 
Schi/.ont,  16 
“ Schleppgei.s.sel,”  24 
Sclerostoma  duodenale,  895 
Scolex,  831 

Schiilfner’s  gr.anules  in  m.alai’ia,  254 
Sclerosis,  insular,  diagnosis  from  malaria, 
260 

Screw- worm,  the,  185,  762 
Se,a-.snakes,  the,  784 

Serum,  anti-dy.senteric,  523  ; anti-leprotic, 
688  ; anti-plague,  409,  412  ; anti-venom- 
ous, 811-819 
Serut-tlies,  177-181 

Sheep,  “ heart  - water  ” disea.se  of,  198; 

sarcosporidiosis  of,  105 
“Sheep-rot,”  855 

Simaruba  in  dysentery,  541  ; in  sprue.  561, 
564 

Siniiilidpe,  the,  173-176 
Simulinm,  amnzonicuvi,  176  ; damnosam, 
174  ; indicam  (Fig.  09),  175 
Skin,  tropical  diseases  of  the,  734-767  ; 


clas.sification,  735;  due  to  climate,  764- 
766  ; dystrophic,  766  ; mycotic,  745- 
759;  par.ositic,  759-764;  phagedajnic, 
739-745;  syphilitic,  736-738  ; tuber- 
culous, 738 

Sleeping  sickness,  208-226  ; and  (I'lossino, 
172,  184  ; comidie.ations,  222 ; course, 
223  ; diagnosis,  223  : distribution,  209  ; 
etiology,  212;  Filaria  and,  2\2  ; nervous 
system  in,  220  ; j).athological  anatomy, 
213  ; protozoa  and,  213  ; symptoms,  215- 
223  ; treatment,  224  ; tremors  in,  221  ; 
tryp.anosome  of,  213 
“Slipada”  (niadura  foot),  754-759 
Small-pox,  sporozojin  infection  in,  109 
Snake-poison  .and  snake-bite,  783  - 821  ; 
action  on  the  nervous  system,  794-799  ; 
.action  on  various  sy.stems,  799  -804; 
ilescription  of  venoms  of,  788-794  ; dige.s- 
tion  of,  793  ; effects  of  I'eagents  on  toxins 
of,  786  ; fibrin-ferment  in,  810  ; hiemo- 
lysis  by,  801  ; immunity  to,  legendary, 
811  ; mechanism  of  bite,  784  ; morbid 
.anatomy  in  man,  804  ; prognosis,  809  ; 
selective  .absorption  of,  by  the  body,  793  ; 
.serotherapy  of,  811-819  ; .separation  of 
toxins  of,  786  ; specificity  of.  812-815  ; 
symptoms  in  man,  805-809  ; toxicity  of 
venoms,  787  ; treatment,  809-819 
Snake.s,  poisonous,  783  ; mechanism  of  bite, 
784;  poison  apparatus,  784 
Sol.ar  dermatitis,  765 

Sore,  Oriental  (see  Oriental  Sore).  712-722; 

Natal,  744  ; ^"eld,  743-745 
Spargammi  mansoni,  847,  849 
Spermophilus  columhicmus,  86 
Spluvromyxa  halbianii  (Fig.  60).  96 
Sphxcrospora  dirergens  (Fig.  58),  95 
Spirilla  confused  with  SpirochaUr,  42 
Spirillosis  of  fowls,  302 
Spirncbaia  anserina,  45  ; hurcalis,  46 ; 
dentinm,  46  ; gaUinaru.m,  45,  302  ; oher- 
meien,  45,  in  tick  fever,  303 
Spirochd’ta  pallida.  46  ; see  Treponema 
pallidum  ; pcrtenuis  in  yaws,  46  ; plica- 
tilis  (Fig.  14),  42;  refringens  (Fig.  14), 
42,  47  ; zie.manni  (Figs.  15-17),  43-45 
Spiroch.a'tes  (Figs.  14-22),  42-48 ; often 
confused  with  bacteria,  42,  45 
Spleen,  in  bilh.arziasi.s,  873  ; in  black- 
water  fever,  295  ; in  cholera,  460  ; in 
kala  azar,  232,  235  ; in  m.al.aria,  249  ; in 
Malta  fever,  428 ; in  ]>l,ague,  395 ; in 
ponos,  609  ; in  tick  fever,  303  ; ])uneture 
of,  in  diiignosis  of  mal.ari.a,  270 
Splenic  aiiiemia  .and  jiono.s,  606 
“ Spleno.stomachon,”  606 
Spore,  60 

Sporoblast,  59,  111 
Sporocy.st,  852 
Sporogony,  60 

Sporont,  16  ; in  gregarines,  63-65 
Sporozoa,  56-119  (Figs.  32-82);  general 
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chiiraL-teristics,  56-61  ; gliding  movements 
of,  58  ; reproduetiou  of,  bj'  sporulation, 
59  ; two  snb-eliisses  of,  59  ; unchissilied 
(Figs.  77-82),  108-119 
Sporozoite.  60  ; in  coceidia,  73 
“Spotted  fever.”  of  the  Rocky  Moun- 
tains, 87,  307-315  ; etiology,  307  ; history, 
307  ; relation  to  typhus  fever,  310  ; symj)- 
toins,  308  ; treatment,  312 
‘‘Spotted  sickness”  (])inta),  750 
Sprue,  545-566  ; a specific  di.sease,  553  : 
distribution,  548;  etiology,  548;  “fruit- 
cure”  in,  564;  milk-treatment  of,  558; 
nomenclature,  546  ; pathological  anatomy, 
549  - 553  ; quack  treatment  of,  564  ; 
strawberry-treatment  of,  559  ; .symptoms, 
553-557  ; treatment,  557-565 
Squirrels  and  plague,  377 
“•  Staggers  ” in  sheep,  981 
/Stegovu/iii,  160-163  ; /asciata,  137,  161,  and 
fil.ari.asis,  933.  952  ; scutellu/'is,  162 
Stefhom.i/ia,  1 52 

Stigmata  in  the  imistigophora,  ‘25 
Stomach  in  yellow  fever,  331 
<SVo«/o»ys  and  “surra,”  171 
Stovutxys  calcitrans  (Fig.  106).  182  ; and 
bovine  tilariasis,  172 
Streptothrix  Duidum , 755 
•Strobila,  831 
Stromhodes  jenneri,  114 
Strongylida*.  893-905 

i^roiigyltiides  mtesHiutlis.,  952  ; dercoralis 
(Figs.  205-209),  952-954  ; embryos,  953  ; 
treatment,  955 

t<t ronyylus  apri,  894  ; brunchiulis,  921  ; 
duodenalis,  895  ; elonyutiis,  894  ; yigas, 

893  ; longecaginatus,  894  ; paradoxvx, 

894  ; quadrulentatus,  895  ; renalis,  893  ; 
snblilis  (Fig.  177),  894  ; tmis,  894 

Stylorhynchus  lcMgicoUi.1  {F\g.  36),  65 
Sunstroke,  771-782  ; pathology,  776;  pro- 
phylaxi.s,  779  ; sequels,  782  ; statistics  of, 
in  Army,  773  -776;  symptom.s,  776; 
treatment,  780 
Suprahepatic  absces.s,  588 
Suprarenal  capsnle.s,  the,  in  malaria,  251 
“ Surra  ” and  trypanosomiasi.s,  32  ; carried 
by  Skmioxys,  171 
Swiirm-spores  of  protozoa,  12 
Sycorux,  176 
Symplumnnyia,  181 
Synkaryon,  12 

Syphilis,  and  yaws,  701  ; due  to  Cytirrhyctex 
lu,L%  48,  113  : due  to  Trepnnema  pallidinn, 
46  ; due  to  Trypanowirm  lui.%  47  ; in  the 
tropics,  736-738 

Tabanuhe  (Figs.  101-105),  177-181  ; larvae 
of,  180  ; natural  enemies  of,  181 
Tabanus  {¥ig.  105),  177-181 
Taenia  acanlhotrias,  841  ; cegyptiuca,  842  ; 
nfricana,  841  ; canma,  844  ; ai'nurus, 
981  ; coiifusa,  842  ; aicurbithio^^  834,  837 ; 


de'meruriensis,  844  ; deniata,  834,  837, 
845  ; dimiiiKta,  843  ; dispar,  981. 
i Tania  echinococcus,  842,  976-1029,  si)ecial 
description,  978-982  ; dogs  and,  990-993, 
1009;  geographical  distril)ution,  993-997  ; 
hexacanth  embryo  (Fig.  221),  981  ; book- 
lets (Fig.  218),  979  ; no  connexion  with 
Echinococcus  alreolaris,  1030;  occurrence 
in  auimal.s,  990  ; oiicosphere.s,  980  ; ova, 

980  ; proglottides,  980-981  ; prophylaxis, 
1009-1010  ; scolice.s,  see  Echinococcus 
hydatidosns,  981-1029  (Figs.  224-226)  ; 
.spines  of  embryo,  981  (Fig.  222) 

Ta;nia  elliplica,  844  ; Jluropunclala,  843  ; 
grisea,  845  ; hirudinacea,  957  ; humanu 
annata,  837  ; hydaiigenu,  976  ; inermis, 
834  ; lauceolata,  843  ; iata,  834,  845  ; 
leptocephcda,  843  ; madayascariensis,S4i; 
mediocanellala,  834  ; viembranacea,  845  ; 
minima,  843  ; moni/i/orinhi,  84  4 ; ■m.urina, 

842  ; nana,  842  ; qjellucida,  837  ; rhinaria, 
958 

Tania  saginata  (Figs.  116-123),  834-837, 

843  ; symptoms,  849  ; tre.atment,  850  ; 
serrata,  831 

Tivnia  solium,  834,  837-841  (Figs.  124-130), 

981  ; symiitoms,  849  ; treatment,  850  ; 
. tenella,  8ii)  ; tropica,  83i  ■,  varesina,  S43  •. 
I rulgaris,  837,  845  ; zittavensis,  834 

\ TiPidafuges,  850 
Tu'uiorhynchns,  1 65 
‘‘  Tamp.an,”  195 

T.apeworm.s,  831-851  ; general  description, 
831-851  ; symptom.s,  849  ; tre.atment, 
850 

Tarbagan,  the,  .and  plague,  373,  387 

Telosporidia,  59 

Tentacularia  subcompressu,  921 

Tetany  in  m.alaria,  260 

Texas  fever  and  Margaropus,  200 

Thelohania  mamadis,  101  ; muellcri  (Figs. 

65,  66),  99-103 
Theobaldia,  157 
Theobaldia  spalhipalpis,  165 
Thoracic  duct,  the,  in  tilariasis,  944 
Thymol  in  helminthiasis,  850,  904,  908 
Thyroid  extract  in  leprosy,  687 
Tick  fever,  301  -306  ; blood  in,  304  ; dia- 
gnosis, 305  ; incubation,  303  ; symptoms, 
303  ; tre.atment,  305  ; immunity  to,  306  ; 
in  monkey.s.  306 

“Tick  fever”  of  the  Rocky  Mountains,  87 
[see  Spotted  fever,  307-315) 

Ticks  (Figs.  110-112),  187-203;  beriberi 
and,  626  ; c.arriers  of  African  relai)sing 
fever,  46,  187,  of  Karyotysus  lacertarum, 
85,  of  piroplasmosis  (Fig.  55),  86-91  ; 
cla.ssi(ic.ation  of,  188-193;  life-history  of, 
200-202  ; skin  di.sea.ses  due  to,  764 
'I’iger  mosquito,  the  (Elegomyia),  161 
‘‘Tigretier”  (lat.ah),  769 
Tinea  circinata,  746  ; cruris,  746,  748  ; im- 
hricata,  747,  748  ; tonsurans,  746 
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Tokelau  ringwonu,  747 
“Tokens”  in  |ilague,  399 
Tongue,  sore,  in  sprue,  554,  561 
Tormina  in  dysentery,  510 
Tractelluin,  23 

Treinatoda,  the,  852-S83  (Figs.  140-167) ; 

general  description,  852 
Treponema  palUdatn,  (Figs.  19-22),  46-48  ; 
in  syphilis,  47,  113  ; in  yaw.s,  701  ; sexual 
reproduction  ot,  47 
Triehiiut  cystica,  933  ; spirafis,  908 
Tricliiadla  spiralis  (Figs.  190,  191),  908- 
914  ; cysts  ol',  909  ; develoj)inent,  909- 
911  ; meat  and.  912-913  ; pigs  and,  911  ; 
rats  and,  912 

Trichinelliasis,  914-919;  death  in,  i)l6  ; 
diagnosis,  917  ; prophylaxis,  918  ; symp- 
toms, 915  ; treatment,  918 
Trichiuo.sis,  see  Trichinelliasis  aboce 
Trichocephaliis  dispar,  906  ; hominis,  906  ; 
trichiums,  899,  906-908  (Figs.  187-189); 
ansumia  due  to,  908 
Trichodectcs  canis,  844 
Trichonutstix  lacerta:,  55 
Trichomoiuis  intesti ludis  in  dysentery,  497  ; 
homiiiis  (Fig.  29),  55,  545  ; vayinulis 
(Fig.  30),  55 

Trichomycosis  nodosa,  753 
Trichopalpus  obscurus,  181 
Trkhostrongylns  probolurus,  894  ; siibtilis, 
894  ; vitrinus,  894 
Trichotrachelidse,  the,  905-919 
Triodontophorns  dem.intdus,  905 
‘ ‘ Tristeza  ” and  Marr/aropns,  200 
Trophozoite,  sporozoan,  58 
Tropical  abscess  of  the  liver,  see  Liver, 
Tropical  Abscess  of,  579-605 
Tropical  di.seases  of  the  skin,  734-767  ; 
classification,  735 

Tropical  liver,  571-579  ; etiology,  572  ; 
evolution,  575  ; symptoms,  576  ; treat- 
ment, 577 

Tropidonotus  piscator,  84 
Trout,  lymphosporidiosis  of,  113 
T rypanomorpha,  3 1 
Trypannphis,  32 

Trypaaoplasma  (Fig.  7,  p.  31 ),  29 ; parasites 
in  fi.shes,  32  ; has  two  hosts,  33 
Trypanosoma  hrucei,  32,  172  ; cquimim,  32  ; 
cquiperdum,  32,  transmitted  by  coitus, 
33,  48  ; eransi,  32,  171  ; gambiense,  32, 
171, 184)  inopinaluin  iii  frogs,  93  ; lewisi, 
33,  42  ; Iniy  in  syphilis,  47 
Trypanosoma  noctvxn  (Figs.  8-13),  35-42  ; 
halterhlium  .stage  of,  35-36,  42  ; life-cycle 
of,  35-42;  locomotor  apparatus  of,  36,  38, 
11  ; parthenogenesis  in,  36  ; sexual  cycle 
of,  38-41  ; th'rileri,  33,  170 
Trypanosomatidie,  29-42  (Figs.  6,  7-13), 
allied  to  the  spirochoetes,  42  ; as  blood- 
para.site.s,  32  ; development  of,  33-35  ; 
Hagellum- formation  in,  31;  have  two 
hosts,  33  ; intracellular  phases  of,  35-42  ; 


I morphology  of,  30-32  ; three  I'orms  of,  in 
I each  species,  33  ; varieties  of,  32 
Trypauosomiasi.s,  207-208  ; glandular  en- 
j largemeuts  in,  207  ; is  the  first  stage  of 
sleeping  sickne.ss,  213 
I I’rypanozoon,  31 
I “ Trypaured,”  208,  225 
1 Tset.se  Hies  (Fig.  107),  182-185 
Tsutsugamushi,  355 
“Tubb;e,”699 
I Tuberculin  in  lepro.sy,  687 
'I’uberculosis,  cutaneous,  in  the  tropics,  738 
Turkey-gnats,  173 

Turpentine,  in  dysentery,  522  ; in  helminth- 
iasis, 850 

I Typhlopsylla  muscidi  and  pltigue,  375 
I “ Typho-malaria,”  267 
Typhus  fever  and  spotted  fever  of  the  Rocky 
j Mountains,  310 

Ulcer,  Guiana,  739  ; Malab.ar,  739  ; .Mozam- 
bi([ue,  739  ; Yemen,  739 
Ulcerating  granuloma  of  the  pudenda,  see 
Granuloma,  Ulcerating,  of  the  I’udenda, 
708-712 

Ultra-microsi;opic  infecting  agents,  in  dengue, 
354  ; in  kala  azar,  53  ; in  molluscum  con- 
tagiosum,  827  ; and  spiroclnetes,  43  ; in 
yellow  fever,  43,  319 
IJncinaria  amcricanus,  899 
Uncinaria  duodenalis,  see  Ankylostonw,  dAto- 
deiude,  895 

I Uncinariasis,  see  Ankylostomiasis,  899-905 
Undulating  membr.ane,  24  ; in  Trypanosoma 
noctuw,  38 

Undidina  ranaram,  32 
Uraeiniii,  in  cholera,  467 
Uranotojnia,  1 66 

Ureteritis  cystica,  and  jisorosperm.s,  827 
Urine,  in  beriberi,  633  ; in  blackwater  fever, 
298  ; ill  cholera,  460  ; in  dengue,  351  ; 
in  dy.senterj-,  510  ; in  hill  diarrhoea,  568  ; 
in  leprosy,  668  ; in  malaria,  263  ; in 
plague,  401  ; in  renal  hydatid,  1021  : 
in  spotted  fever,  309  ; in  yellow  fever. 
338  ; suppre.s.sion  of,  in  cholera,  467,  476 

Vaccine  lymph,  virus  of,  114 
Vaccinia,  sjiorozoan  infection  in,  109 
Vagina,  in  bilharziasis,  876 
Variegated  tick,  the,  198 
Veld-rats  and  plague,  377 
Veld  sore,  743-745  : bacteriology,  745 
Vena  medinensis.  921 
“ Ver  ilu  Cayor,”  in  myiasi.s,  763 
“Ver  macaopie,”  in  myiasis,  763 
“ Ver  solitaire,”  839 

Verruga,  704-708  ; eruptions,  706  ; etiology, 
705  : history,  704  ; symptoms,  706 ; 

treatment,  707 
j Vibrio  cholera',  448-457 
Viper.s,  Euro)iean,  783  ; bite  of,  the,  807 
, V'itiligo,  tropical.  766 
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Wallabies  ami  plague,  378 
Water-iteh,  760 
Water-sore,  760 
Worms,  parasitic,  8*29-976 

X-rays,  in  hydatid  (Fig.  229),  1020;  in 
leprosy.  688  ; iu  tropical  abscess  of  the 
liver,  603- 

Yaws,  69.5-703  : Anjas  miniatus  and,  697  ; 
bacteriology,  698  ; contagious  nature  of, 
696,  702;  **  crab-yaw.s,”  699;  death  in, 
700  ; diagnosis,  701  ; distribution,  695  ; 
due  to  Spirochata  pcrtaiuis,  46  ; erup- 
tions, 699  ; etiology,  696  ; history,  695  ; 
incubation,  698  ; pathology,  697  ; symp- 
toms, 698-700;  syphilis  and,  700; 
treatment.  702  ; vaccination  and,  697 
Yellow  fever,  313-345  ; c.arried  by  mos- 
(piitoes,  122,317,  322,  327 ; diagnosis,  339, 


from  blackwater  fever,  299  ; distribution, 
313-317  ; etiology,  319-327  ; foniites  and, 
327-331  ; haunorrhage  iu,  236,  344  ; 

history,  313-316  ; immunity  to,  324  ; 
incubation,  327  ; is  a house  and  urban 
disease,  320-321  ; jaundice  in,  336  ; 
mortality,  338  ; pathology,  331  ; pro- 
gnosis, 340  ; prophylaxis,  340-342  ; soil 
and,  324  ; symptoms,  332,  336  ; treat- 
ment, 342-346  ; ultra-micro.scopic  p.ara- 
site  of,  319  ; urine  in,  338  ; varieties, 
334  ; virus  of,  317-319  ; vomit  in,  338. 
343 

Yemen  ulcer,  739 
Yochubio,  355 

“ Zarr  ” (latah),  769 
Zebu  and  Twnia  ofricana,  842 
Zygosis  in  protozoa,  12 
Zygote,  12 
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